




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 B-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 1/0 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

sleeve).

PROBABLY the most remarkabIe feature
of the present computer board is the ab-

sence of RAM (randorn access memory).
This is unusual, but in many cases the inter-
nal registers of the Z80 can function as RAM
equally weil. Orrurüng a RAM IC then allows
us to cut down on tomponents (cost), and
save board space.,
The block diagram of the Z80 system is

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

The 1/0 ports available in the system are
compatible with the universal 1/0 interface
for IBM PCs (Ref. 1), which allows the exten-
sions onginally developed for this to be con-
nected without problems (for instance, the

lIy A. Rigby

relay card discussed in Ref. 2).
From the bloCk 'dragrem n 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
blocksof 16 Kbyte each, and so allows RAM

• i

Q• 1/0 •
Q• •1/0

EPROM Z80
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Fig. 1. Block diagram of the ZSOmicroprocessor system. Note the absence of RAM.
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MINI Z80 SYSTEM

have been added: a voltage regulator and a
hex inverter. Three inverters in the latter TC
(Ies), are used to implement the 2-MHz
clock oscillator. The unused control inputs of
the Z80 (ICl) are held at +5 V via a pull-up
resistor array. The reset input of the CPU is
connected to anR~C network and a switch to
ground (SI) that allows the system to be
reset. The control, address and data lines of
the Z80 are connected to the 1/0 and mem-
ory seetions in the usual way.
Address decoder Je7, divides the 64-

KByte memory range into four seetions of

to be added (more about this next month), or
more EPROMs. Moreover, the memory ad-
dress decoder is formed by the remaining
tWQ t-of-a decoders contained in the IC used
for the 1/0address decoder. This means that
although it may not be used in many cases,
the memory decoder does not requtre addi-
tional hardware anyway.

MAIN SPECIFICATIONS

Z80
2 MHz

8 K ROM (EPROM 2764)
or

16 K ROM (EPROM 27128)
2x8 bit inpuVoutput;

2x8 bit output
8 KRAM extension

CPU:
Clock:
Memory:

VO:
Circuit description

Option:The circuit diagram shown in Hg. 2 dosely
resembles the block diagram. Only two Ks
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Fig. 2. Circuit diagram 01the mini 280 system.
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COMPUTERS AND MICROPROCESSORS

u

Fig. 3. Track layouts (mirror images) and component mounting plan of the pes tor the mini Z80 system.
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COMPONENTS LIST

910060

Aesistors:
1 7-waySILarrayl001ill
1 3301ill
2 21ill2
2 B-way 51L array 1001ill

Rl
R2
R3;R4
R5;R6

Capacitors:
1 1~F 16V radial
2 6BpF
1 1~F solid MKT
1 100~F 25V radial
6 100nF

Cl
C2;C3
C4
C5
C6-Cll

Semiconductors:
1 ZBOCPU
1 2764 or 2712B
2 74HCT574
2 74HCT245
1 74HCT139
1 74HCT04
1 7805

ICl
IC2
IC3;IC4
IC5;IC6
IC7
IC8
IC9

Miscellaneous:
2 1O-way box header
2 20-way box header
2 6-way box header
1 push-button
1 quartz crystal 2.00MHz
1 Endosure 150x80x55mm,

e.q. Bopla E440VL
printed circuit board

Kl;K2
K3;K4
K5;K6
51
Xl

16 kByte, so that so-called mirror areas are
avoided. Only if an 8-Kllyte 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 areset. The other signals
supplied by the MEM address deccder, and
the weite signal (WR), are available on the
Pr.B for use by external circuits, such as a
RAM or EPROM extension.
1/0 address decoder IC7b makes use of

address lines AO and Al only. This means
that the 1/0 addresses da have 'mirror loca-
tions': the same Je Is selected every four ad-
dresses. Since the read and write Iines are not
used in the ljO address decoder, YOll 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 I, at which the tWQ 8-bit
outputs, IC3 and IC4, rcsidc. can be read
without problems.
The next two addresses,2 and 3, are occu-

pied by two bidirectional ports, ICs and Ke,
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 [umpers. When Tes or le6 are used as
input devices, a write operation to them may
damage the CPU or the addressed TC,since
in that case tWQ outputs are interconnected,
which results in a virtual short-circuit. When
used as output devices, a read operation to
TCs or TC6is not harmfuL In bidirectional
mode, the CPU is proteered reasonably weil
against outputconflicts, and it then depends

ELEKTOR ELECTRONICS JANUARY 1992
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Fig. 4. Undoubtedly the most flexible way of developing software for the Z80 board rs by
means of an EPROM emulator and a pe running a Z80 assembler.

;*.*.*~**** ••*•••••• * •• *.* •••*••**********.*.*.**~* ••• *.
SIMPLE TEST PROGRAM FOR MINIZ80 BOARD

:***••*•••••••••••••••••••••• **••*•••• **••••• *•••• **••• *
ICS and IC6 jumpers set for input onIy
Be careful, a write can be destructive,

;*••••• *•••• ***** ••**.************ ••••••• **.* •••••• **.*.

outputl: equ 0 ;address for Kl
output2: oqu 1 :address for K2
input1: equ 2 ;address for K3
input2: equ 3 ;address for K4

org OOh ;program start address

begin: Id a,O ;initialize outputs
out (output1 ),a
out (output.z I.a

loop: in a,(inputl) :read input tram K3
cpl ;invert each bit
out (output1 ),a :output to Kl
in a,( input2) ;read input from K4
cpl ; Lnve r-t. each bit
out (output 2),a ;output to K2
jr Ioop ;loop to check inputs

910060-13

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



COMPUTERS ANDM1CROPROCESSORS

Table 1. 110address overview

Port
IC3

IC4

IC5

IC6

1/0 address
o
1

2+4n

3+4n

Connector
K1
K3
K3
K4

(n = 0 - 3)

on the level supplied by the circuitconnected
to connector K.3 CI K4 whether Of not a dan-
gerous situation can arise frcm reading
frorn, or writing to, ICs OI IC6. In addition to
the etght datalines, connectors K3 and K4
therefore also carry the RD and WR signals,
whlch Indicare read and write operations re-
specttvely. and so enable an extemal circuit
to disable its inputs or outputs accordingly.
There are more signals on K3and K4: one en-
able stgnal. and two address lines, A2 and
A3. These allow the Z80 card to work with
extensions originaüy developed for the
universal I/O interface for pes.
The enable signal on the extension con-

nectors indicates that the 1/0 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 l.
To prevent the output ports being left in

an undesired state after switching on the sys-
tem, the outputs 01 JC3 and JC4 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-C4af-
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 01 9 V to 15 V d.c. at
300 mA to be used, which is a safe as weil as
inexpensive way of powering the computer.

Construction
The design 01 the double-sided through-
plated board used lor building the Z80 sys-
tem is shown inFig. 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 litted on top 01 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 inone of the photographs, such an
assembly is obtained by fitting sockets to the
underside 01 the Z80 card (see Fig. 8).
The fixing holes in the PCB are located

such that the completed board is easily fitted
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Fig. 6. Z80 register overview.

SIMPLE TEST PROGRAM FOR MINIZBO BOARD
USING PlAGRO'S·ö····················································· ..rcs and rC6 jumpers set for input only

ö····················································· .•
output1:
output2:
input1:
input2:

equ 0
equ 1
equ 2
equ 3

;address for K1
;address f ot- K2
iaddress for K3
;address for K4

PlAGRO DEFINITION·;.........................................•..••.........
init to_ze['o:

.PlAGRO
ld a,O
out (output1) ,a
out (output2) ,a
.PlAGEND

:load initial value
;set output to ze['o
;set output to ze['o

A_to_output:
.MACRO output
cpl
out (output) ,a
.PlAGEND

;define va['iable: output
;invert each bit
;output contents of A

input_to_A:
.MACRO input
in a.( input)
.PlAGEND

;define variable: input
;['ead input into A

;............................••••.•.....................
PlAIN PROGRAM·;.......................................•...............
arg Oh ;program start address

begin: :initlallze outputs

loop: input_to_A input1
A_to_output output1
input_to_A Input2
A_to_output output2
j r loop ;loop 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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Table 2. Non-executable
instructions (without RAM)

CALL cc.nn ;conditional subroutine
;call
;direct sub routine call
;interrupt mode

;inlerrupt mode
;gel data tram stack

;gel data tram stack
;get data trom stack
.put data onto stack

;put data onto stack
;pul da ta onto stack

;return fram subroutine

;return trom interrupt

;return fram non-
;maskable inlerrupl

CALL nn
IM 1

IM 2

POP IX

POP IY

POP qq
PUSH IX

PUSH IY

PUSH qq
RET

RETI

RETN

qq ; AF, BC, DE or HL
ce = 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 seetions 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-assernblers
for the Z80 are widely available. Ladung
these. you may still program the Z80 purely

32·MByte Solid-stäte FLASH
DISK module from DES

DES Innovative Electronics have developed
a memory module based on flash-type mern-
ory Ks, to take over the function of a hard
disk in pe XTs and ATs. The module sup-
ports various memory sizes up to 32 MByte,
and can be expanded in steps of 1MByte. 01·
lering a read access time of 250 ns (ryp.). the
solid-state hard disk is about 100 times faster
than a conventional drive unit. Hence, the
data transfer rate that can be achieved dur-
ing read operations is limited by the system
bus or drivet software only.

Unlike a conventional hard disk, a solid-
state memory module will not wear out, and
is far less sensitive to environmental factors
such as dust, vibrations, etc. This makes the
solid-stete disk particularly suitable for use
in tndustrial environments. Another major
application area of this new product is innet-
works, where workstations can opera te in an
"off-line' mode, having the most Irequently
used programs stored on a solid-state disk.
The FLASH sclid-state disk is pe XT and

ELEKTOR ELECTRONICS JANUARY 1992
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Fig. 8. Z80 board fitted 'piggy back' on to a prototype of the ncs-coce infra-red receiver
described elsewhere in this issue.

by hand, i.e., by writing a machine code pro-
gram, looking up the opecdes. and loading
the.m 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. Weil, 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 ean be achieved without
/ RAM, since the (many) registers 01 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-

NEW PRODUCTS

AT bus compatible (ISA and EISA). A total of
16 SIM1v1sockets are available on the card to
instalI up to 16 Mbyte using 1 MByte SlMM
modules, or 32 MByte using 2 Mbyte
SllvfMs. An autoboot version is also avail-
able. The disk cards can be taken out of the

ber of Z80 instructions can not be used.
These instructions, listed in Table 2, are es-
sentially thoserelated 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 not result in '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 onee. 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 pes".
Elektor Etectronics May 1991.
2. "Relay card for universal 1/0 interface".
Elektor Electronics November 1991.

system without losing data or programs.
Battery backup is not required for thls fune-
tion. The FLASH disk can be erased and re-
programmed in the PC under DOS, and
functions Iike a hard disk.

des innovative electronlcs b.v., Accustraat
25,3903 Veenendaal, Holland. Telephone:
+31 8385 41301. Fax: +31 838526751.
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Fig. 3. Track layouts (mirror images) and component mounting plan of the peB for the mini zao system.
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NE602 PRIMER

THE Signetics (philips Components)
NE602/SA602 isa 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,
whi.le 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
(WO), piezoelectric crystal (XTAL), or
swept-frequency, configurations. In thls ar-
ticle we will explore the various configura-
tions for the d.c. power supply, theRF input,
the local oscillator end the output circuits.
We will also examine certain applications of
the device.

Versions
The NE602 version of the device operates
over a tcmpcrature range of 0 to +70 "C,
while the SA602 operates over the extended
temperature range of -40 to +85 -c. The
most cammon form of the device is probably
the NE602N, which is an eight-pin mini-DW
package. Eight-lead SO Surlace 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 nQW available.

Because the NE602 contains both a mixer
and a IDeal osciIJator, it can operate as a radio
receiver 'front-end' circuit. It provides very
good noise and third-order intermodulation
performance. The noise figure is typicaJly
5 dB at a frequency 01 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 50-0 load, or 68 mV
into the 1,500-0 input impedance of the
NE602. The NE602 is capable of providing
O.2-~V sensitivity in receiver circuits without
extemal RF amplification. One criticism of
the NE602 Is that it appears to sacrifice some
dynarme range for high sensitivity - a prob-
lem said to be solved in the A-series (e.g.,
NE602AN).

Frequency
conversionjtranslation

by Joseph J. Carr

INPUT
A "

INPUT ose, EMITTER

GROUNO ose
BASE

OUTPUT IOUTPUTA ,

910155 ·11

cuits contain harmonics, additional products
are found in the output. In superheterodyne
radio receivers. either the sum or difference
frequeney is seleeted as the intermediate fre-
quency (IF). In order to make the frequency
eonversion possible, a cireuit needs a IDeal
osciJlator (LO) and a mixer circuit (both 01
which are provided in the NE602).
The Iccal oseillator 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
colleetor of the oscillator transistor is not
available on an externaJ pin. There is also an
internal buffer amplifier which conneets the
oscillator transistor to the DBM circuit. Any
of the standerd oscilJator eireuit configura-
tions can be used with the internaJ oscillator,
provided that access to the colleetor terminal
is not required. Thus, Colpitts, Clapp, Har-
tley. Butler and other oscillator eireuits can
be used with the NE602 device, while the
Pierce and Miller oscillator circuits ean not.

The double baJanced mixer (DBM) circuit
is shown in Hg. 2; it consists of a pair of
cross-connected differential arnplifiers (Tl-
Tl with Ts as a current source; sirnilarly
T3/T4 with T6 working as a current source),

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

called heterodyrung. When two signals at
different frequencies (fI and /2) are mixed in
a non-linear circuit, a collection of different
frequencies will appear at the output of the
circuit. These are characterized as fl, hand
n/J ±mjz, where 11 and 111 are integers. In most
practical situations, J! and mare 1, so thetotal
output speerrum will consist at least of f\, 12,
fl +/2 andft-fz. Of course, if the two input cir-

Power Une

OSC
7 EMITTER

r---------------+---~----~5 OUTA

OSC
BASE 6 OSCILLATOR

OUTB

INA 1>---------1-1

The process of frequency conversion is Fig. 2. Partial interna I schematic showing the Gilbert Transconductance Cell.
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NE602 PRIMER

+ 4.5 TO
+8Vdc

NE602 NE602

3

®

3

NE602

IC'
78XX or

LM'340-XX

+9TO
+ 28 Vdc

®

,

* 100n if 5~XX1!08Volts
10000 il XX = 9 Volts

NE602

3

® 910155 -13

Fig. 3. oe power supply configurations for the NE602: a) 10r supplies +4.S$V<o<:::+8V; b) 10r +9-V supplies; c) zener diode regulator 10r +9 to
+18 V supplies; d) 3-terminallC 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 outpur pin isconnected to the V+
power supply terminal through 1,SOO-Q re-
sistors. The input is also push-pull, and simi-
larly is cross-coupled between the two
halves of theceU. The IDeal 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 OIe fi+jz, and 1,-1,. Although
some harmonic products appear, many are
also suppressed beeause of the DBM action.

oe 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
+4.5 V to +8 V d.c., with a current drain rang-
ing from 2.4 to 2.8 mA.
lt is highly recommended that the V+

power supply terminal (pin 8) be bypassed
to ground with a capacitor ofl0 nF to 100 nF.
The capacitor should be mounted as dose 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 ts +4.5 to +8 V. For
best results. the supply voltage should be
regulated. Otherwise, the Iocal oscillator fre-
quency may not be stable, which leads to
problems. Aseries 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 01 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 Pig. 3c a zener dlode 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 vers ions of the reguletors
(e.g., 78Lxx) can be used. The lew-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 Plg. 3d uses a 78L09 to
provide +9 V to the NE602, although the
78L05 and 78L06 can also be used to good el-
fect.

NE602input 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
T6 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 configuranons
are shown in Fig. 4; both single-ended (00-
balanced) and differential (balanced) input
circuits can be used with the NE602. Ln
Fig. 4a a capacitively coupled, untuned, un-
balaneed Input scheme is shown. The signal
is applied to pin 1 (although pin 2 could
have been used instead) through a capacitor,
Cl, that has a low impedance at the opera-
ting lrequency. The signal level should be
less than -25 dBm, er 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
Jow-value capacitor (1 nF to 100 nF depend-

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 p ins 1 and 2 of the NE602, with the
primary of the transformer connected to the
stgnel source or aerial. The turns ratio of the
transformer can be used to raise the SOUIce
impedance to 1,500 Q (the NE602 input im-
pedance). Either conventional er toroidal
trans formers can be used for Tri. As in the
previous circuit, one input is bypassed to
ground through a low reactance capacitor.

Tuned RF input circuits are shown in
Pigs. 4c, 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 irnped-
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 (Cl) tuned to the input frequency,
as do the other circuits, but the impedance
matehing 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 (0-0) for the impedance
marehing function. Resonance with the in-
ductor is established by the combination of
Cl, the main tuning capacitor, in parallel
with the series combination of C2 and C3:

[lJ

The previous two circuits are designed for
use when the source or aerial system irnped-
ance is smaller than 1.5 kQ (the input imped-
ance of the NE602). The circuit of Pig. 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 Q; 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 wlndtng (L1). The situation
shown schema tically in Pig. 4e is for the ease
where the SOUIce impedance Is smaJler than
the input impedance of the NE602.
The secondary of the RF transformer (Lt)

©

resonates with a capacitance made up of Cl
(main tuning), C, (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 Iea-
ture is an advantage because most tuning ca-
pacitors are designed for grounded frame
operation, so construction ts 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 Hg. 4e can therefore
use a single dual-section capacitor for single
knob tuning of both RF input and loeal 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-
anee that resonates transformer secondary
L2 is the parallel combination of Cl (trim-
mer), C2 (a fixed capacitor), and the junction
capacitance of varactor diode Dt. The value
of capacttor C3is normaUy chosen large com-
pared with the diode capacitance so that it
will have Iittle effect on the total capacitance
of the series combination C3/Cm. In other
cases, hawever, 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 Vt is set by a voltage divider consist-
ing of Rt, R2and !G. The main tuning poten-
tiometer (Rt) can be a single-turn model, but
for best resolution of the tuning control use a
multi turn 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 Eineadjustment
of the turung circuit (a function also shared
by trimmer capacitor Cl).
The voltage used for the tuning circuit

(VA) must be well regulated, or the turung
wiJl shift with variations of the voltage.
Some designers use aseparate three-termi-
nallC regulator for VA, butthat is not strictly
necessary. A more common solution is to use
a single lew-power 9-V three-terminal JC
voltage regulator for both the NE602 and the
tuning netwerk. However, it will only work
when the diode needs 00 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 (far swept-
frequency operation) or a dlgttal-to-enal-
ogue converter (for computer-controlled
frequency selection).

NE602 output circuits
The NE602 output circuit consists of the
cross-coupled coUectors of the two halves of
the Gilbert transconductance cell (Fig. 2),
and are available on pins 4 and 5. Ingeneral,
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 ccnfigurations only one terminal is used,
and the other one is ignored. Each output ter-
minal is connected intemally to the NE602 to
V+ through separate l.5-kQ resistors.
Figure 6a shows the wideband, high im-

pedance (1.5-kQ) output configuration.
Either pin 4 or 5 (or both) can be used. A ca-
pacitor is used to provide d.c. blocking. This
cepaciror should have a low reactance at the
frequency of operanon. 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 er trans-
lator applications, the transformer could be a
broadband RF transformer wound on either
a conventional slug-tuned form or a toroid
form. Por clirect 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 ratic (e.g.
600 Q:600 Q, or 1.5kQ:1.5kQ).
Frequency converters and translators are

the same thing, except that the 'corwerter'
terminology generally refers to a stage in a
superhet receiver, whiJe 'translator' is more
generic. For these circuits, the broadband
trans former 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 alJ but the desired frequency pro-
duct; e.g., the sum or difference (IF) fre-
quency. Figure 6c shows a common form of
resonant output circuit for the NE602. The
tuned primary of the transfarmer 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.

cuir. the transformer primary is tapped for a
low impedance, and the tap is connected to
the NE602 output terminal through a d.c.
bJocking capacitor. These trans formers are
easiJy available as either 455 KHz or
10.7 MHz versions, and may also be made
relativelyeasily.
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 Lt and the combined
series capacitance of Cl, C2 and O. By tap-
ping the capacitance of the resonant circuit,
at the junction of C2-a, it is possible to
match a lower impedance (e.g., 50 Q) to the
l.5-kQ output impedance of the NE602.
The single-ended output network of

Ftg. 6g uses a lew-pass filter as the frequency
selective element. This type of circuit ean be
used for appHcations such as a heterodyne
signal generator in which the loeal oscilJator
frequency of the NE602 is heterodyned with
the signal from another source applied to the
RF input pins of the Je. The difference Ire-
quency is selected at the output when the
low-pass filter is designed such that its cut-
off frequency is between the surn and dif-
ference frequencies.
In Fig. 6h an IF filter is used 10 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 erys-
tal IF filters centred on 8.83 MHz, 9 MHz,
10.7 MHz or 455 KHz (with bandwidths 01
100 Hz to 30 kHz). Even broadcast radio re-
ceivers can be found uslng 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 01 150 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 10 make the filter work properly).
The input side 01 the filter (FLl) in Fig. 6h is
connected 10 the NE602 through a 470-Q re-
sistor and an optional d.c. blocking capacitor
(CI). The output 01 the filter is terminated

into a 3.9-kQ resistor. The difference lF fre-
quency resulting from the conversion pro-
cess appears at this point.
One 01 the delights of the NE602 chip is

that it contains an internal oscillator circuit
that is already coupled to the internal double
balanced mixet. The base and emitter con-
nections to the oscillator transistor inside the
NE602 are available through pins 6 and 7, re-
specnvely. The internal oscillator can be
operated. at frequencies up to 200 Ml-lz. The
internal mixer works to 500 Ml-lz. If higher
oseillator frequeneies are needed, use an ex-
temallocal 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 aeross 1,500 Q.

NE602locel oscilletor
circuits
There are two general methods for control-
ling the frequency of a Jocal 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 (CI-C2). The values
of these capacitors are critical, and may be
caluculated from:

C, = 100/#
C2= 1000/ F

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
Eqs. [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 inunediately. 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 alt OI wilJ operate inter-
mittently. Cenerally, an increase in the capa-
citances will suffice to make operation
consistent.

[2]
[3]

A problem with the circuit of Pig. 7a is
that the crystal frequency is not eontrollable.
The actual operating frequency of any crys-
tal depends, in part, on the circuit capacit-
anee seen by the crystal. The calibrated
frequency is typicaUy valid when the load
eapacitance is 20 pF or 32 pF, but this ean be
specilied to the crystal manufacturer at the
time of ordenng.In Fig. 7b a variable caped-
tor is plaeed in series with the erystal 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 siab, the
lugher the frequency. Fundamental mode
crystals work reliably up to about 20 MHz,
but above 20MHz the slabs become too thin
fOTsa fe opera tion. Above abou t 20 MHz, the
thinness of the slabs of ftmdamental mode
crystal causes thern to fracture easily. An al-
ternative is to use overtone crystals. The
overtone frequency of a crystal is not necess-
anly an exact harmonic of the fundamental
frequency, but is close to it. The overtones
tend to be dose to odd integer multiples of

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

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 (Lt), and this
must resonate with Cl to the overtone fre-
quency of crystal XI. Figure 7c can use either
3rd or 5th overtone crystals up to about
80MHz. The circuit inFig. 7d is a third-over-
tone crystal oscillator that works from
25 MHz to about SO MHz, and is simpler
than Fig. 7c.
A pair of variable frequency oscillator

(VFO) circuits are shown in Pigs. 7e and 7f.
The circuit in Pig. 7e is the Colpitts oscillator,
while Fig. 7f is the HartJey 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 frorn being d.c.-grounded
through the resistanee of the inductor.

Voltage-tuned NE602
oscillator circuits
Figure 8 shows a pair of VFG cireuits in
which the eapaeitor element of the tuned cir-
cuit is a variable capacita.nee diode, or varac-
tor CD1 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 oscillatlng fre-
queney of these eireuits is a function of tun-
ing voltage VI. The version shown in Fig. Ba
is the parallel-resonant Colpitts oscillator,
while that in Hg. 8b is the series-tuned Clapp
oscillator .

figure 9 shows an application of the volt-
age-tuned oscillator (in this example, the
Clapp osciJlator). Two tuning modes are
provided in Fig. 9. When switeh SI is in post-
tion 'A', the tuning voltage is manual.ly set
with a potentiometer, Rz. If a d.c. level is ap-
pbed to the top end of the potentiometer, the
oseillator will operate on a discrete fre-
quency that is a function of VTA. [f a sinusoi-
dal waveform is applied to the
potentiometer, however, the oscillator fre-
queney will deviate back and forth in fre-
quency modulation (FM). Or, if a sawtooth
waveform is applfed, 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

NE60Z
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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 meana, according to the setting 01
switch 81. 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 SI is in position 'B', the fre-

quelley iscontrolled by a digital-to-a.nalogue
converter (DAC). In this case, a eurrent 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 VTß is the product IoR3. A d.c.
offset, for trimming the actual frequency, is
provided by potentiometer Rs and a nega-
tive reference d.c. source, VA).
There areseveral advantages tothe DAC-

driven version of this circuit. One is to digi-
tally control the sweep in a manner slmilar to
the analogue sawtooth waveform.lf 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 is to letthecomputer
set the frequency of the oscillator. When the
circuit is calibrated, you can set one of 256
diserete frequencies by sending the correct
binarynumber to the DAC {which, of course,
corresponds to a discrete voltage).

Finally, the digttally driven voltege-con-
trclled oscillator can be programmed for a
more linear frequency characteristic. Varac-
tor diodes have a non-linear voltage vs. Ire-
queney characteristic, and therefore a
non-linear frequency characteristie in a res-
onant circuit. A linearized look-up table
stored in the computer can be used to gener-
ate the voltage that produces aseries of equal
discrete frequency stcps for each 1-LSB
change of the applied binary word.

NE602as 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 alJow the LO
signal to appear at the output (no RF or lF
signal appears). In this circuit, one RF input
(pin 2) is bypassed to ground for RF, while
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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-ill resistance.

Conclusion
The NE602 is a well-behaved RF chip that
will function in a vartery of applieations
from receivers, to converters, to oscillators.
to signal generators. Good luek. •



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

OF a11factors that determine the weather,
wind and precipitation are the ones

that matter most to us. Since the wind brings
us cold er 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 ternperature: when
the air temperature is, say, a few degrees
below zero, a stiff breeze can make it fee! as
cold as minus 20 degrees. This is the so-
ealled chili faetor. 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 seale).
The wind direction is measured because

it is often an indication of the type of weather
and related temperature we can expect. In
areas dose to, or surrounded by, the sea,
wind frorn the sea has a cooling effect, while
wind from the Inland usualJy brings rela-
tively warm air. This situation exists in the
summer months, when the sea water is
"colder" than the land. In the winter rnonths,
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 playa 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 Hg. 1. Its output
signals are fed to the PC measurement card
(Ref. 1) at the heart of our weather station,
The pe rW1Sa program that converts the sen-
sor signals into information that 1S meaning-
ful to us.
The wind direction meter consist of a

vane secured to a spindIe. The spindie is at-
tached to a transparent disk with a Gray
code on it. 111eadvantage of the Gray code is
that one bit changes between two successive
positions of the vane, which allows us to im-
plement a beste 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 pe in the form of a 4-bit code.
Hence, the sensor is capable of indieating
16 wind directions. This is sufficient for most
pUIposes, and meteorologists never seem to
use a more accurate scale anyway.
The connection of the wind direction sen-

sor output to the pe measurement eard in-
volves more precautions than one would
expeet, and this matter is taken up in detail
further on.
The wind speed, which is later eonverted

into a eorresponding value that indieates the
wind force, is measured with the aid of an
anemometer. As you ean see from Fig. 1, this
consists of three smalJ arms seeured at angles
of 1200 to a vertieal spindie. Each full spindIe
revolution results in 12 output pulses.
Henee, the computer need only measure the
frequency of the output signal of the wind
speed sensor, and convert this into a nor-
malized value (seeTable 1).

Lightning protection
Sinee 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 thls cable,
there are no difficulties. A problern, 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.

MAIN SPECIFICATIONS

Wind speed
Values: peak; current;

average
0-30 m/s
0.1 m/s
2 per minute
continuous (interval:
10 minutes)

Range:
Resolution:
Sampling rate:
Recording:

Wind direclion
Values:
Wind dial:
Angle:
Resolution:
Sampling rate:
Recording:

16 wind directions
N; NNE, NE, E, ...
0-360 degrees
22.5 degrees
18.2 Hz
continuous (interval:
10 minutes)

Software
Memory·resident (TSR) data logger
plus full-colour graph display pro-
gram

eable by lightning. Without suitable preeau-
tions. lighting that strikes elose to your horne
ean turn your eostly pe into serap metal and
eleetronies. 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 01the sensor interface.

Table 1. Wind force measures

Beaufort m/s kmlh mph knols Descrlption

0 0-0.4 1.6 1 1 calrn

1 0.4-1.4 1.6-6 1-3 1-3 light alr

2 1.4-3 6-11 4-7 4-6 slight breeze

3 3-5 12-19 8-12 7-10 gentle breeze

4 5-8 20-29 13-18 11-16 moderate breeze

5 8-11 30-39 19-24 17-21 fresh breeze

6 11-14 40-50 2&-31 22-27 strang breeze

7 14-17 51-61 32-38 38-33 high wind

8 17-20 62-74 39-46 34-40 gale

9 20-24 75-87 47-54 41-47 strang gala

10 24-28 88-101 55-63 48-55 whole gale

11 28-32 102-115 64-72 56-63 storm

12 32-36 116-131 73-82 64-71 hurricane

13 37-41 133-147 83-92 72-80 -

14 42-46 148-165 93-103 91-89 -
15 47-50 165-182 104-114 90-99 -

16 51-56 183-200 115-125 100-108 -
17 57-60 201-217 126-136 109-118 -
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Note, however, that the measures taken here
to achieve this do not afford proteetion
against direct 'hits' on the sensor, the eable or
the pe itself, or even the mains wiring via
which the system is powered. Remember,
the proposed proteetion is effective and ade-
quate for induced voltages only. Electrical
systems are very difficul t to protect against
direct lightning hits, and you may want to
consider having a lighnung conductor fitted
to your horne to deal with this problem.

The interface
The main function of the circuit shown in
Ptg. 2 is to feed the sensor output signals to
the computer whilst affording protection
against voltages induced on the (lang)
downlead cable. Every sensor input is con-
nected to ground via a surge arrester (Al-
A6) 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 us 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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LLLLLL

Fig. 3. Track layout (mirror image) and component mounting plan of the pes designed tor the interface.

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 zenerdiode (D1-D6).
The response time of these devices is 1 ps
(typically), which is fast enough for edequ-

ate protection against overvoltages. As 500n
as the zener dicde starts to conduct, the over-
voltage is turned into heat by the associated
series resistor (Ri-Rs).

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

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 R&--R1Oprotect the buffers against
negative input voltages. The buffer outputs
are capable of sinking relatively high CUf-
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COMPONENTS LIST

Resistors:
5 10Q lW
5 220Q
5 820Q
5 lkU
2 10kQ
1 lkU2
1 100kU

Rl-R5
R6-Rl0
Rll-R16
R17-R21
R22;R23
R24
R25

Capacitors:
1 10~F 16V radial
1 470~F 25V radial
3 100nF
1 47~F 16V radial

Cl
C2
C3;C5;C7
C4

Semiconductors:
6 BZT03C12 (12V1800W;Philips)
or 1N5634 (8V9/1500W; General
Semiconductorlndustries] 01-06

1 LED red dia. 3mm 07
1 CD4050 ICl
1 7808 IC2
1 74HC368 IC3
3 ILD74 dual optocoupler

(Siemens)

B80C;1500

IS01;IS02;
IS03
B1

Miscellaneous:
ta-way male box header Kl
3-way pes terminal block;
pitch 7.5mrn K2

2 cca-mount straight spade
terminal K3;K4

6 A81·C90Xsurge arrester
(90V; Siemens) A1-A6
9V/166mA (e.9. Monacor/
Monarch VTR1109) Tr1
Printed circuit board 900124-5
Centrot software on disk ESS 1641
8-way DINsocket; 180'+2x41' (B81S)
Malns appliance socket with earth
connection
Metal enclosure 185x119x51mm
(Hammond 1590D)
Miniature wind speed and wind direction
sensor assembly. Type 455, with bracket
and mounting hardware. Supplied via:
Mierij Meteo, Tuinstraat 1-3, 3732 VJ
Oe Silt, Holland.
Telephone: +31 30200064.

rents, which Is useful for the driving of opto-
couplers 1501, 1502 and 1503.

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 01 these devices (1501, IS02 and
ISÜ3) 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 IS03, the second by
1501 and ISO,.
Since the ILD74 used here is a dual opto-

coupler, and the wind speed sensor requires
one outpur only, the remaining output is
used to indicate that the circuit is powered.
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Hence, output C2 of 1503 is used to enable
TC3, a 74HC368. This HCMOS !ine driver
squares up the signal edges, and so increases
the noise margin with respect to ground.
Note that JC3 is powered by the PC -this
part of the circuit is, therefore, completely in-
sulated from the rest of the interface.

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

When the power supplyof 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 GOOO line, PBl, going
high. Resistor R23 prevents the 1/0 port on
the PC measurement card being damaged
when it is set to output.

The remeinder 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 cJearly
that the protective earth at the mains socket
is connected to the ground of the electronics
ahead of the optocouplers. This connection ls
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
rnust be mounted as elose as possible to the
PCB. The same goes for diodes 01-06.

On completion of the solder work, the
PCB is fitted into a water-proof meta] enclo-
sure, which is earthed via connector K4. The
copper track between the earth terminal on
the peB end connectors K3 and K4, and the
earth tracks of the surge arresters, must be
strengthened by soldering pieces of 2.5-mm
(cross-sectionaJ 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 01 this
plug Is given in Fig. 4.

The software
Once again this part of the computer-con-
trolIed weather station requires a powerful
ptece of software, which you can obtain
through our Readers Services. As with the
previous two publicationa on the weather
station, an IBM pe er compatible is used to
collect the measured data, and convert these
into easily interpreted grapbtcs images.

Procedures have been added to the tatest
version 01Xlogger (1.2) that enable the wind
speed and wind direction to be measured
and recorded. A new graphics program,

900124_5_12

1 OV
2 Dlr2
3 Dir3
4 +8V
5 DlrO
6 Dir 1
7 SPD

Speed (mI.)
30
27
24
21
18
15
12
9
6
3

Seen from
solder side!

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

WlND.EXE, has been develcped, 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 Qver
the last ten minutes. The peak indicator 31-

Frequency (Hz)
465
415
365
315
265
215
170
120
75
30

Table 2a. Wind speed as a lunction
01sensor output Irequency

Code
0000
0001
0011
0010
0110
0111
0101
0100
1100
1101
1111
1110
1010
1011
1001
1000

Table 2b. Sensor codes as a
lunction 01wind direction

Direction

N

NNE
NE
ENE
E

ESE
SE
SSE
S
SSW
SW
WSW
W

WNW
NW
NNW
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Fig. 5. Screendump 01 the WIND.EXE program. The calibration is very simple.

ways shows the highest current value (use-
ful to measure the top wind speed during
blasts), and is automatically reset at mid-
rught.
The wind dial shown on the computer

screen has the usuaJ N, NNE, NE, etc.,
marks. In addition. the wind direction Is in-
dicated numericalJy 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-$lC
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.
WlND.EXE offers a graph procedure to

visualize the recorded data. The by now fam-
iliar function-key menu alJows 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 indude: 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

relative humidity meter and the ther-
mometer.

Adjustment
The function of the combined wind speed
and direction sensor assembly is weil do-
cumented in the form of two tables (2a and
2b) supplied by the manuIacturer. 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 rn/s, plus
ten known co-ordinates from Table 2a.
WIND.EXEuses this information to interpo-
late the wind speed that belangs 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 eontained in WDTrans.CFG.
The Gray code functions as an index, and the
entries are the assoeiated wind direction in
degrees. Sinee the hardware inverts all Iogic
Ievels, the codes stored in WDTrans.CFG are
inverted with respeet to the table entries. The
referenees N, NNE, NE, etc., are comment
only-remember, the loeation (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 ]991.

&verage Nindspeed plot

900124-5-13

Previous instalments in this series:
1. lndoor/outdoor thermometer. Elektor
ElectronicsMarch 1991.
2. Eleetronic hygrometer. Elektor Electronics
October 1991.
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Fig. 3. Track layout (mirror image) and component mounting plan of the peB designed for the interface.

devices, they are not sufficient to protect the
sensitive electronics in the circuit. Therefore,
each input has additional proteetion in the
form of a very fast 12-V zener diode (Dl~D6).
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 tumed into heat by the associated
series resistor (Rl~R5).
The buHers used here are Types 4050

which are capable of handling signals levels

up to 20 V at a supply volta ge of 8 V. This
means that the zener voltage is low enough
for the buHers to opera te safely at all times.
Resistors R6-RlOprotect the buHers against
negative input voltages. The buffer outputs
are capable of sinking relatively high cur-
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11I
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.

ALTHOUGH thePT100 thermometer pub-
lished in our November 1990 issue was,

by a11accounts, verypopular, itsuffered fram
a serious drawback as far as many construc-
tors were concerned: the sensor was quite
expenst ve. The thermometer presen ted 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-

mometer requires a simple amplifier, an ana-
logue-to-digital converter, a linearization cir-
cuit and a display. lf 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-
perature ismeasured and displayed. Whereas,
for instance, a resistance-based (say, PT-IOO)
thermometer requires up to 15 seconds to
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indicate the measurand.a thermoelectric ther-
mometer does so in just one or two seconds.
The e.m.f., Uto developed across the junc-

tions of the thermocouple is given by

Utc=a+bB+cB2,

where a, b, and c are constan ts and B is the
temperature difference between the junc-
tions. If the reference (or 'cold') junction(s) is
maintained at 0 "C (the usual case),

u,,~aT'+ ßT,

where aandßareconstantsdependenton the
meta1s used and T is the temperature of the
sensing (er 'hot') junction. At temperatures
below the neutral temperature (TN~ -ß/2a),
and if ais small (the usual case), U tc is di-
rectly proportional to the temperature of the
hot junction. Therefore, in a practical ther-
mometer, the e.m. f. is

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

remcereiure ("e)

Fig. 1. The voltage·temperature gradient
01Type K thermocouples (a) is lairly lin-
ear ; the deviation Irom linearity at a x100
larger scale is represented by (b).
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at standard atmospheric pressure); for prac-
tieal purposes, this is 0 "C. That makes the
measurement independent of the ambient
temperature. In electroruc thermometers,
once calibration has taken place, a compen-
sating voltage, directly proportional to the
ambient temperature, is added to the e.m.f.,
so that, electronically speaki.ng, thecold junc-
tion is always at 0 "C.
The temperature at the hot [uncticn, re-

ferred to 0 "C, is multiplied by the voltage-
temperature gradient E to give the thermo-
electric e.m.I., U tc-The gradient can be de-
duced from a table of thermoelectric materi-
als by adding the gradients of the two met-
als together and 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 rneasure-
mcnts a correcting network must be inserted
between the thermocouple and the display
circuit.
However, there are thermocouples that

have a reasonably linear gradienr, combined
with a wide temperaturerange, whicharenot
too expensive. For the present design, a Type
K sensor was chosen: this consists of a chromel
(Nier) and nickel (Ni) or a1umel (NiAI) corn-
bination. The gradientofthis 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
a scale xlQO thatof (a). It is seen thatthe 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 J (iron-
constantan) sensors, which are more sensi-
tive, less expensive, and sltghtly more accu-
ratethan Type K devices,could also have been
used, but thelr maximum temperature-500°C
and 760 °Crespectively-wouldnothave been
acceptable for the present design.

From sensor to circuit

is. therefore, negated by a temperature-in-
dependent offset voltage, Uos.
The currents flowing through R1, R21 and

R3 into the inverting Input of the opamp are:

12 = (U f+yT,)/R,;

Their surn is the current, '4, through ~:

The output voltage, Uo, of the oparnp is

When the fixed cornponent is negated,
that is,

it follows that

whence

Since Uf is positive, Uos must be nega-
tive. When full compensation is applied. the
output voltage is

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

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

dUo/dT, = ER./Rj = 1 mV K-j

from which, if E is given the value 1,

R. = 24.728Rj. [3]

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

[1]

"'

Uo = ET,R4/Rj-T,(ER./Rj+YR./R2) [2] Fig. 3. Input stage of the thermometer.

It is c1ear that the output voltage of the sen-
sor must be magnified to an appreciable ex-
tent. The basic setup of a suitable amplifier
ls shown in Fig. 2. TI1e thermo-emf Utc end
the compensating voltage, Uc (which, re-
member, is a function of the ambient tem-
perature) are added and the resulnng poten-
tial, Us, is amplified by a factor A in an op-
erational amplifier. The voltage-tempera-
ture gradient is 40.44 ~V K-l at 25 °C, so that,
if the signal at the output of the opamp is re-
quired to have a rate of change of 1 rnV Krt,
E must be amplified ><23.728.
The process may be considered inmorede-

tail with reference to Fig. 3, which shows the
input stage of the thermometer. The corn-
pensating voltage is provided by a small-
signal transistor whose base-emitter poten-
tial has been set at 0.6 V by R5. The temper-
ature coefficient,y, of the base-emitter junc-
tion is -2 mV K-l. This means that for every
degree the ternperature rises, the base-emit-
ter potential drops by 2 mV. The compensat-
ing voltage thus consists of a fixed compo-
nent, U [, and a variable component, rTr. The
fixedcomponentis,ofcourse,notwantedand Fig. 4. Block diagram of the thermometer.

13
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PARTS LIST

Resistors:

r;
R1 = 6.81 k!l, 1%

L
R2, R3 = 340 kQ, 1%
R4 = 169 k!l

0 0
~

R5 = 1.5 k!l

0
R6 = 10 Q
R7, R12, R17 = 10 k!l
R8 =2.7 k!l

0 R9, Rl0= 1 MQ

0 R11 =330kQ

~

R13, R20, R21 = 100 k!l
RI4=475kQ,1%

0 R15 = 22.1 k!l, 1%
R16 = 3.3 k!l
R18= 10MQ
R19 = 220 kQ

0 R22 = 220 Q
PI = 10 kQ multiturn preset

'-J P2 = 5 kQ multiturn preset
00 P3 = 25 k!l preset

P4 = 20 k!l multiturn preset

Capacitors:

r= 19100BliL
CI, C6, C12 = 100 nF
C2, C3 = 470 nF, 63 V, MKr

01 2 C4,C5=10nF
0

~
C7 = 330 nF
C8 = 100 pF

:J C9 = 330 nF, 63 V, MKT'
Cl0 = 47 nF, 63 V, MKr
Cll = 220 nF, 63 V, MKT'
C13, C14 = 47 ~F, 16 V, radial
• MKT = metal-plated polyterephtalate

0
(polyester)

~

Semiconductors:
01 = 1N4007

N

S
02 = lN4148
03 = LM336Z-2.5V (National
Semiconductor)

r=J T1, T2 = BC547B
T3 = BC516
ICI = TLC2652
IC2 = 7106
IC3 =4030

000 'oL IC4 = LF356.... Miscellaneous:.. .. Kl = special socket to be obtained.. .. 0.. .. with the thermocouple.. .. 00 K2 = 3.5 mm stereo jack socket for.. .... .. 00 PCB mounting.. .. SI = spring-loaded push-button switch.. .. 0.. .. S2 = change-over slide switch for PCB.. .. mounting.. .... .. 9 V battery with clip

000
.. .. LC01 = 3 V, digit display.. .. .. .... .. .. .. Jl = low-voltage socket with change-.. .. .. .. over switch for PCB mounting.. .. ..

0 .. .. "'-
~

Rel = relay with change-over contact,

a 0
.. 5V,320Q.. Enclosure, 145x80x36.5f29.5 mm

00 r=J (5 'Y. x 3 VB X 1 '1,,/1 '11, in)
L 0 Thermocouple Type K

PCB Type 910081

Fig. 5. The double-sided printed-circuit board tor the thermometer.

ELEKTOR ELECTRONICS JANUARY 1992



GENERALINTEREST

Equation [2] can also be differentiated
with respect to Tr:

dUo/dT, = -(E~/RI+r~/R2) = 0,
from which

Resistor R1 is given an arbitrary value of
6.81 kfl, so that, aecording to Eq. [3],

~ = 24.728x6.81x103 = 168.4 kfl.

The nearest standard value in the E96 se-
ries is 169 kfl.
From Eq. [4],

R2= -2x1Q-3x6.81xl03/40.44x1Q-6

= 337 kfl.

The nearest standard value in the E96 se-
ries is 340 kQ,
Since, for eorrect compensation, the lev-

els of Ufand Uos must be equal, it follows
that

R3 = R2 = 340 kfl.

The output 01 the opamp is peak-limited
and the device is thus very stable. This means

[4]

that only a potentiometer is required to cali-
brate the input stage.
The remainder of the circuit consists of a

straightlorward 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
Isconnected in parallel with the display. The
relay outputcan be used for indication orC011-
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 Re. PI, and R3.The pre-
set serves to set the current to a specific val ue;
more about this Jater. Transistor Tl and the
reference ('cold') terminal of the thermocou-
ple must be located dose to the offset-volt-
age source, since they must be thermally
couplad. Resistor R6 improves the thermal
symmetry 01 leI. The output 01 this opamp
is a signal with a voltage-temperature gra-
dient 01 1mV K-I.
The A-D converter and the display are

straightforward applications. Apart from
the 3 y, 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, sinee that will bedly affeet the oper-
ation of the converter. To enable both types
of supply to be used, the adapter is con-
nected via a low-voltage socket with change-
over contact, J1. On/ off switching is effected
by 52· Protection against polarity reversal is
provided by D1.The reference voltage is de-
terrnined by potential divider P4-RlS. When
the comparator is inoperative (P2sct to max-
imum resistance), the circuit draws a cur-
rent of only a few milliamperes. Note that
circuitearth mustnotbeconnected to the neg-
ative supply line, since the A-D converter
needs a small negative auxiliary voltage.
The eomparator is based on a Type LF356,

which is inexpensive and gives excellent per-
formance even at high synchronous input volt-
ages. When switch 51 is pressed, the invert-
ing input of the comparator is no longer COI1-
nected to the thermocouple, but to the refer-
ence voltage: the display then shows the ref-
erence temperature , T r-
The outputof the comparator is low when

the sensed temperature is higher than that
set by potential divider PrR16: the relay is
then actuated. The hysteresis of the corn-
para tor is set to about 5 kQ with R17 and R1S.

Fig. 6. Circuit diagram 01the thermometer, excluding the thermocouple.
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Fig. 7. The completed thermometer, excluding thermocouple.

If the value of R17 is lowered to about 1 kQ,
the hysteresis also becornes about 1 kQ.
A darlington transistor at the output of

thecomparatorcontrols 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 theoutputofthecomparatorislow,

FAST, PRECISE THERMOMETER

the output of XOR gate IC3c is high; the out-
put of gate IC3b, and thus the OF input of
the display, then carries an inverted rectan-
gular signal that causes the triangle on the dis-
play to light.

Construction and calibration
Provided the thermometer is built on the
double-sided printed-circuit board shown
in Fig. 5, nodifficultiesshould beencountered.
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 V, x 3 Va x 1 ~6 in) in-
strument case. This type of enclosure may
be available with ready-made cut-outs for
the clisplay and slide switch (&,J.
Calibration ls commenced by connecttng

a good-quality mV meter across test points
Hand L. Then, insert at least f4 of the length
of the thermocouple into boiling water and
turn Pl until the meter indicates 100 mY.
Next, turn P4 until the display shows 100.
Subsequently, press 5, arid turn Pj til1themeter
reads 100 mV and the display shows 100.
Finally, turn.Pg (whichcompensates for the

offset voltage of IC4) until the relay is just
actuated and the triangleon the display lights.
When that is done, the desired change-over
temperature is set with Pj when Si is pressed.

•

ANIMATED CIRCUITS FOR EDUCATION
Labcenter Electronics and Bradford Technol-
ogy have recently released ACE (Animated
Circuits for Education), a completely new
concept in the teaching of electronics and
electricity. The software is aimed at scienee
course pupils in the age range from 11 to 16,
although the way ACE brings electric cir-
cuits to life will be interesting to many
others, including teachers and remedial
course students in higher education.

The unique feature of ACE is that it uses
a brightly eoloured screen to show current
flow and voltage difference as they evolve in
a wide variety of basic electric circuits. ACE
is the perfect introduction into subjects such
as parallel connection, series connection, the
behaviour of inductors, capecitors, resistors
and transistors. Current flow and current di-
rection in the circuits is indicated by moving
dots, and voltage by a colourscale. The oper-
ation of a11circuits can be started, frozen, and
speeded up or down at any time by clicking
on tape recorder like buttons at the bottom of
the screen. So, instead of being confronted
with a long circuit description containing
lots of next's, Ws, and then's, the student has

ELEKTOR ELECTRONICS JANUARY 1992

an immediate understanding of what ac-
tually happens in a circuit. For instance, he
or she canoperate a switch, or change the Iu-
minous intensity on an LDR, and see the ef-
feets instantly on the computer screen.

Topics in the 'curriculum' inc1ude
switched circuits, conductors and insulators,
resistors, voltage, current and resistance
measurement, Ohm's Iaw, reactive compo-
nents, and inductive components. A user
manual is supplied contatnlng instructions
and a backgrounder to the models used. The

minimurrt hardware requirements to run
ACE are an IBM AT cIass PC or compatible
with a 286 processor, 640K RAM, a VGA
graphics card, a eolour VGA morutor, a
Microsoft compatible mouse, a hard disk
with 3 MB of free space, and M500s 3.00 or
later.

ACE Is supplied by
Bradford Technology LId .• Ripley Street •
Bradford B05 7RR. Telephone: (0274)
726155. Fax: (0274) 391928.
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Fig. 5. The double-sided printed-circuit board for the thermometer.
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FAST, PRECISE THERMOMETER m .
PARTS LIST

Resistors:
Rl =6.81 kQ, 1%
R2, R3 = 340 kQ, 1%
R4 = 169 kQ
R5 = 1.5kQ
R6= 10Q
R7, R12, R17 = 10 kQ
R8=2.7kQ
R9, Rl0 = 1 MQ
Rl1 = 330 kQ
R13, R20, R21 = 100 kQ
R14 = 475 kQ, 1%
R15=22.1 kQ, 1%
R16= 3.3 kQ
R18 = 10 MQ "
R19 = 220 kQ
R22 = 220 Q
Pl = 10 kQ multitum preset
P2 = 5 kQ multitum preset
P3 :::25 kQpreset
P4 =20kQmultitum preset

Capacitors:
Cl, C6, C12 =100 nF
C2, C3:::: 470 nF, 63 v; MKH
C4,C5= io n~
C7 = 330 nF
C8";lÖOpF
C9=330 nF, 63 V, MKH
Cl0<= 47 nF, 63 V, MKT*
Cl1= 220 .i'lF,63 V, rvtKT*
C13, C14 ::::4711F,' 16V, radi~1
*'MKT"; metal:plaled'polYterepntalate'
(polyester) ,

Semiconductors:
01 :f; 1N4007 -"
D2 .~ 11\141\4.8
03:i:: LM336b2.5V (~atiQnal
,; §ernicQQdu9tOt)
Tl, T2 = BC547BT3 ~ BC51'6 .;,
ICt'= TLC2652
IC2,::::7:406
!C3,;:::4Q3Q
IC4= lF356

Miscellaneous:
Kl = special socket to be obtained .
witn the tnermocouple

K2 ';" 3.5 mm stereo lack'socket tor
PCB mounting

81 = spring-loaded push-buttcn switch
82 = change-over slide switch tor PCe
mounting , '

9 V battery with clip
LC01 = 31h digit'display
Jl = low-voltage socket with change-

over switch tor PCB mounting
Rel = relay with cnange-over contact,
5V,320Q .

Enclosure, 145x80x36.5/29.5 mm
o (5 % x 3 Y8 X 1 7116/1 :}j6 in)

Thermocouple 'Type K
PCB Type 910081
.."'~ 'y 0,'



m
BUILD A COMPACT -DISK PLAYER

by T. Giffard

Building arecord player, cassette or tape recorder, or compact-disk
player, is often hampered by the mechanical construction and the
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.

PHILIPS'S CDM·4 deck, used in a great
variety of domestic compact-disk players,

has recently becomeavailable in theretail trade
toenable audioenthusiasts to build theirown
CD player. The deck comes in a kit complete
with a finished mather board, which con-
tains the enalogue and digital circuits, and a
display board as shown in Fig. 2.
The kit can be used in tWQ ways. The sim-

pler is to build the vanous items into a suit-
ableenclosure and connect itto a stereoaudio
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, Aseparate D-A converter
can then be used to process the digital out-
put. It ts 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 notona parwith thatofthe 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
When opening the kit, treat the laser unit
with respect and care: do not remove the
paper clip at end 01 the packing foil until the
laser is required. The unit is very sensitive to
static electricity, Also, do not touch its lens,
because that may damage the focusing unit.
MOW1tthe disk compartment holder on

the board in such a way that the end of the
protruding light grey spring-loaded lever is
located exactly above the switch at the cen-
tre of the board-see Pig. 8. Use only three
self-tapping screws at this stage; the fourth,
near the compartment switch, is a langer one
(to ensure correct operation of the compart-
ment switch) and is not inserted until the as-
sembly is fitted in the enclosure.
Next, fit and solder the transformer on to

the board.
Remove the mains (power) socket, fuse

holder and on-off switch from the mother
board and replace the fuse holder and on/ off
switch by wire links end the mains (power)
socket by a two.way peB type terminal block.
At a later stagc. a new mains (power) entry
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Fig. 1. Diagram 01the auxiliary digital output circuit.
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BUIW A COMPACT-DlSK PLA YER

componentsare soldered directly to the board.
The housing of the transforrner, as weIl as
the -terminal of Cl, must be soldered to the
earth plane.
The board contains three solder pins that

are not used (as yet): these are intended for
an optica1 output (a so-called TOSUNK). 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 consists of a 30 cm (12 in)
length of 20-core flatcable. The cores are 501-
dered to the underside of the mether board
as shown in Fig. 14. The details of the vari-
aus connections are summarized in Table l.
As far as power is concerned. the +5 V

rail is taken front the top of the coil to the
left of the SAA7210P.This coillooks like a
resistor and is colour-coded yellow-mauve-
gold-silver. The earth line is taken from the
fairly broad copper track at the undersidejust
beside the +5 V take-off. The two connect-
ing points are indicated by arrows inFig. 14.

circuitry--see Fig. 16.
Furthermore. a matehing transformer is

required at the output of the PCF3523Ptopro-
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. Capaeiters Cs and
C6 ensure that the circuit is connected to
earth onlyas far as high-frequency signals are
concerned.
Although the auxiliary board has provi-

sion for a crystal oscillator, Xj, R2, C3 and
C4, this is not used in the present applica-
tion: the clock for lCl is derived from the
mother board via wire link JP1.This proved
to give the best results 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 the board has an earth plane that

serves as screen for high-frequency signals
(bandwidth of a couple of megahertz). All

with integral fuse holder will be fitted at the
rear panel of the endosure.
lf you want to use the player as a digital

driver only, remove the output (pheno) 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
SomePhilipsICs, for instance, theSAA7220B,
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 PCF3523PAudio
Digital Output Circuit. The necessary dock
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

Fig_ 4. Disk compartment removed Irom
deck .

Fig. 3. The assembled CD deck.Fig. 2_The kit lor the CD player.
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All odd-numbered cable cores, except I,
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 01

the Type XC99659P control processor en-
sures that thectigital output signal isswitched
off when the player is not revolving OI is in
the PAUSE position. Same D-A converters da
not work properly with this arrangement
owing to the time they require to relock on

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

Display and operating keys
The display board, part of the board shown
U1Fig. 16, islinked to themother board by two
flatcables: the six-core one carries the data
from the ccntrol 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

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

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

for a DJY apparatus, they have been replaced
by mi.niature key switches that are mounted
on to the key board,
Note that the board in Fig. 16 can be eas-

ilyseparated into twoasshownin Fig.15after
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 Iater 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. 9. Laser unit connected to mother
board.

Additional facilities via remote
control:
• dlrect selection oftracknum-
b

Swi tch display berween elapsed
track TIME and TRACKlindex
number.

Programming of trecks. Select
a treck number and press the
MEMO key. Afterall tracks have

When the REPEATkey Iights,
the programmed tracks, or the
entire disk are played again

The displayindicates track and
Index number or the elapsed
track time (as selected withers by nurnerical keys; play-

I
been programmed, control is and again. the TIMEITRACKkeyl. When theng ls starred by presslog the still available by pressing the disk is not revolving, the dis-LAYkey. MEMO key. Tracks may beerased play indicates the number of• selecticn of index nu mbers by selectinga programmed track tracks orthe total pbying time.f tracks by INDEX keys. number and pressing MEMO.

• shuffle mode, in which the orEN or eLOSE compartment. All progirunrrling is erased when
elections are played at ran- When the compartment is the compartment ls opened or
dom. open ed, all programming is Ihe STor key is pressed twice
• scan mode, in which only erased. in successtcn.
he first 10secondsof each track

I h-lre played.

I-, -,- ntc:I< __ r

I I 0 [ITJ
- -- 0 rnn:J 0- 0 -,0 0

EB • • . - - - -ITD CD DJ~"""-

u~w~ I I
~

9101 ... ·f

I ,

IPLAYkey, The disk is played
from track 1or from the track

PAust:ke ; Ihisallows the laser selected wilh the TRACKke .

o

t

•

y
beam 10 remain at a specific
point.

- y
Tracks that have been pro-
grammed are played first.

Search keys for fast forward
and reverse.

Track keys for fast selecttng a
track.

·Pressing the sror key twice in
successton erases the memory.

Fig. 10. Front panel and concise operating instructions.

910146 - 14
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BIiILD A COMPACT DISK PLAYER

The display board has space (to the nght
of the display) for an infra-red (IR) remote
contral reeei ver: an option that is strangl y rec-
ommended. Sony's Type BXl407 is particu-
larly suitable; Sharp's GPl U5 can also be
used, but this has slightly different connec-
tions. Finally, two resistors, 22 kQ and 3.3 12
respectively, must be added as shown in
Fig. 17. This arrangement will allow remote
control of the player by any PhilipslR trans-

mitter intended for CD players (such es the
Type RD586l).
Completion of the key board, whose 'cir-

cuit diagram' is given in Fig. 6, is straight-
fotward. 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 Une on the cable at the side of pin
7 on the board.

Assembly
First, drill, saw and Eile the necessary holes
in the enclosure: use the front panel feil and
the front panel of the disk compartment for
accurate location of the holes in the front
panel and Pig. 13 for those in the bottom
panel. 00 not forget the holes in the back
panel: mains (power) socket with integral fuse
holder (at the left seen from the front panel);
digital output (at the right); and phono sock-

Fig. 11. The eompleted CD player. Fig, 12. Completed display and key boards.
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ets if YOLI 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) lang M3 (~6BA~3 rnm clia.)
countersunk screws, nuts and washers. The

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

on 10 rum (:ra in) long non-metallic spacers:
the loeation of the fixing holes is shown in
Fig. 13. Da not omit the central fixing serew,
because that ensures correct operation of the
disk compartment switch. Fit two M3 screws

Fig.14.Howtoconnecltheflatcabletothe undersideofthemother Fig. 15. How to separate the board shown in Fig. 16 into two.
board.

o

o

o 0 o 0

o o

o 0o o

o

Fig. 16.The combined auxiliary (digital output) and key boards.

v
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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

Resislors:
R1 =4.7n
R2 = 1 Mn
R3=562n,1%
R4=619n,1%

Capacilors:
C1 = 33 ~F, 10 V, tantalum
C2 = 22 nF, cerarnic
C3, C4 = not used
C5, C6 = 56 nF

Semiconduclors:
IC1 = PCF3523P

Miscellaneous:
K1 = 20-way header, male
K2 = right-angled phono socket
X1 = not used
Tr1 = matching transformer (Philips
Type T5BCC)

Key board

81, 82 = keyboard switch, 17 mm
wide, with keytop
83-812 = 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 foil910146F

Remote conlrol

1x resistor, 3.3 n
1x resistor, 22 kn
1x IR receiver, sony BX1407
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(=4BA=4 mm dia.) screws that pass through
the board, two non-metallic spacers, and the
bottom panet. where nuts and washers are
attached.
Mount theauxiliary board atthe 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 thedisplay board

and the key board to the mether board.
Fit thenew three-way connector to the two

wires from the CD motor: black to pin 1, and
brown to pin 2.
Unlatch the flexfoilconnector on themother

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 peperclip from the end, place the
flexfoil into theconnector, 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 rtght-
hand back of the unit.
Insert the motor connector to the associ-

ated connector on the mether board (Imme-
diately adjacent to the Hght-grey lever of the
compartrnentswitch. 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 thedisk-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
con.nector a t the 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 pln. the terminal dosest 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 11.0 volwne contral for the headphone
outpur.
DO NOT YET connect the mains (power)

supply.

Calibrating the deck
Topreventtoo high acurrentthrough the laser,

BUILD A COMPACT D1SK PLAYER 11I
set the 4.7 kQ preset on the mother board be-
hind the deck to a value of about800 Q, mea-
sured with a multimeter connected between
itscentre and right-hand terrninals. Set the ad-
jacent 22 kQ preset to the centre of its travel.

Connect the mains (power) supply to the
urut.
warnlng: DO NOT LOOK into the laser;

after the mains (power) has been switched on,
because that could cause permanent eyedam-
age.
Lift the pressure plate of the deck and

switch on the rnains (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
briefly and slighrly I1 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-
aUy. 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-
fleetion should be visible at the edge of the
lens for a few seconds.
Connecta multimeter (100mVrange)across

R3501 (4.7 kn 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 (1Vd.c. range) be-

tween wire link 102 and the earth plane.
lnserta CD, preferably one with standardized
reflection, and switch on the player. While
selection 1 is played, adjust the 22 kn preset
(immediately adjacent to the 4.7 kn preset)
for a meter reading of 400 mV d.c.
This completes the calibration.

Finally
lt is advisable to stick some self-adhesive bl-
tuminous feit to the inside of the top panel
of the player to prevent any vibrations aris-
ing in the panel.
Concise operating instructions, incl. those

with a remotecontrol unit. are given inFig. 10.

•

Table of connections

Core no. Connected 10 on motber board

I
2
4
6
8
10
12
14
16
18
20Fig. 17. Where 10 fit Ihe IR receiver and extra resislors (arrowed).

earth (beside +5 V connection
+5 V (top of inductor 5501)
pin 39 of SAA7210P (WS AB)

pin 38 of SAA 72IOP (CLAß)

pin 37 of SAA72IOP (DAAB)

piß 36 of SAA 72IOP (EFAß)

piß 35 of SAA72lOP (SCAB)

piß 34 of SAA7210P (SDAß)

pin 8 of SAA 72lOP (XOUT)

piß 18 of XC99659P (ATSß)

pin 17 of XC99659P (DMUTE)
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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
pariel foil to the front pariel.
Fix the mother board to the bottom panel

on 10 mm (% 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. Howtoconnecttheflatcabletotheundersideofth~mother Fig. 15. How to separate the board shown in Fig. 16 lnto two,
board.

o

000

o S
o I

~~

o

o 0o

o

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 eil and C12 are tantalum
types. Sincethe polarityofthe voltageaeross
these capacitors may be inverted, the capac-
itors should be bipolar aluminium types.
Under 'Construction' on p.4S, it is stated

in the penultimate paragraphh that 'the con-
nection between theinputsocketand ClOITIust
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 ofthe printed cireuit board (p.23) was
not incJuded with the article in Dur February
1992 issue. Our apologies for this oversight,
The rnissing drawing is shown below.

ELEKTOR ELECTRONICS MARCH 1992

Automatie cycle lights
(July/August 1991, p. 49)

Sir-In the construction of 'Automatie
cycle lights", r have encountered three
problems.
1. Triggering of reib 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 elegaot) solution to this
is to connect the line from Q (pin 7) 10 R lO
junction R2-D1 (+ battery) via al kQ
resistor.
2. A short pulse caused by the switching
on of the battery triggered input +T of IC I b
(pin 4), which switched the battery off
again. This was cured by connecting a
470 nF capaeitor between +T and earth.
3. Triggering at +T of leib was so sensi-
tive that even a tiny movernent of the bicy-
cle causes the battery to be switched off. In
other words, if you don't hold the bicyc1e
absolutely still, its lights will flash on and
off. The sensitivity can be made variable
by replacing resistor R4 by a 100 kQ 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, wh ich 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

Yauare right: we apotogiie for that errat:
Editor

Build a compact-disc player
(January 1992, p. 36)

Sir-J think that your contributor,
T. Giffard, in his article 'Build a
compact-disc player'must be a lot more
wealthy than I arn if he eonsiders f249 "an
affordable price" (available from only one
advertiser in YOUf January issuel).
Especially as Philips' own personal com-
pact disc player cornplete 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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CORRECTIONS & TIPS

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

The parts list on p. 44 erroneously states
that capacitors CIl and CI2 are tantal um
types. Since the polarity ofthe 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 \0 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
not inc1uded with the artic1e in our February
1992 issue. Our apologies for this oversight.
The missing drawing is shown below.
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Automatie cycle Iights
(July/August 1991, p. 49)

Sir-In the construction of 'Automatie
cyc1e lights', I have encountered three
problems.
1. Triggering of IClb 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 stilliow 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 R2-DI (+ battery) via al kO
resistor.
2. A short pulse caused by the switching
on of the battery triggered input +T of IC I b
(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 IClb was so sensi-
tive that even a tiny movement of the bicy-
c1e causes the battery to be switched off. In
other words, if you don't hold the bicyc1e
absolutely still, its lights will flash on and
off. The sensitivity can be made variable
by replacing resistor R4 by a 100 kO 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 alow-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 artic1e 'Build a
compact-disc player'must be a lot more
wealthy than I am if he considers f249 "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 fl49 (from Argos).

J. Easton, Watchet, Somerset

The price mentioned in the advertisement
is HFL (Dutcn guilders) 249 (equivalent to
about i80.00). Editor



LOW-FREQUENCY COUNTER

AFREQUENCY counter is indispensable
in the design, repair and test of audio and

hi-fi equipment. The counter presented here
can either be built into a sine wave or func-
tion generator Cf, by the addition of a pream-
plifier, powersupply and asuitableendosure,
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 inaudio work. Three switched mea-
suringrangesareprovided: O-IOOJHz; 0-10 kHz;
and 0-100 kHz.

Counter circuit
The heart of the circuit-see Fig. 4-is IC1,a
TTL-compatible CMOS lCType 74C925 from
National Semiconductor. Housed in a 16-pin
OILpackage, thisdevicecontains four decade
counters, a status memory, a multiplexer,
and a seven-segment decoder for a Jour-digit
display. Thecommon-cathode,seven-segment
display, LD1-LD41 is driven by transistors
T1-T4. The segments of the four digits are
fed in parallel via limiting resistors R1-R7.
Transistor T5 ensures that the decimal

point is switched in tandem with the meter-
ing ranges. It is cut offby the display drivers
via D1when Su, 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, itwas decided to dock
it by a TypeSPG8650B (JC3) from Seiko-Epson.
This standard pulse generator, whose pinout
is givenin Fig.l,containsa hybrid circuit con-
sisting of a quartz oscillator and two pro-
grammable dividers that, depending on the
bit semple at input pins 2-7, provides 57 dls-
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 Ie, so that all open inputs pins are au-
tomatieaUy at earth potential (Iogic 0). Apart
from programming switch Sla, no other ex-
ternal parts are required.
When pins 3 and 7 are high (logic I), 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
are high, the frequencyof the signal isO.Q5Hz.
The corresponding gate times of the counter
are 100 ms (0-99.99 kHz range); I s (0-9.999kHz
range);and 10 s (0-999.9 Hz range). All avail-
able combinations are given in Fig. 2.

16 15 " " " " 10 s • 8650B 8651B

~;[C I
I. NC 16. VPII CTL4 0 0 0 0 1 1 1 1
z. CTU I!). NC SETTING~~ CTL5 0 0 1 1 0 0 1 1

~ :l.CTU 14. HESET
'l~CTLI CTL2 0 1 0 1 0 1 0 1

I , J • e , ) • 4. CTLI 13. NCICSELIo~ 4- 5. CTL6 NCIEXCI
0 0 0 lOOK lOK IK 100 10 I 1/10 1/100

ZO.5MAX __ 12.
1/10 1/100 1/10006. CTL5 11. FOUT 0 0 1 lOK I , 100 10 I

x~

7. CTL4 10. TEST 0 I 0 50K 5 , 500 50 5 1/2 1/20 I/'JSXJ
• z

~$L DVDUDijDyLf ~
8. V:-;s 9. OUT 0 1 1 11.~K 3.3' 333.3 33.3 3.33 1/3 1/30 1/300

NC: Not connected 1 0 0 25K 2.5' 250 25 2.5 1/4 1/40 1/400
1 0 1 20K 2 K 'JSXJ 20 2 1/5 1/50 1/500

, I )~J 1 1 0 16.6K 1.6K 166.6 16.6 1.6 1/6 11M I/fIX!- -t2~L ~
1 1 1 8.3' 833.3 83.3 8.3 0.83 1/12 1/120 1/ I 'JSXJ~_ )L.?!I

910149-13 910149 -14

Fig. 1. Pinoul 01 Ihe SPG8650B. Fig. 2. Programming possibililies 01 Ihe SPG8650B.
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Fig. 3. Rear view of the counter with top panel removed.

T1 T4 t BC54aB

LD1 L04 - 1'10111170

lN4148

t:f~.c~~ T6O~u ". \!::,
~~v BC558B !:oc--I'"~~+------'

~1J lN4148

SV J ~
+) .1. IN4148

R,O c~.

1'-"'-' I ~~ I115' 1,4
AC•• , Cu, RCe .. Co ..

I---+-"~', O· ~'''-' '-l-'i' i 0 fL--
IC2b I_"U

'OB iiif1! j!~ .
L=:J''''~:;;"'-a)

~BC548C

~'~'
1;'J(Jn-rr20~r--'OY

"... • , '" i-"~ft'Cl I"
tu, , •• .,0
i-"9650B• I'l• I"~

.J:

IC2a
1-"

5V~5V

~ !& ~AICI IC2

~

J
IC2 - 74LS221

9'0149·12

Fig. 4. Diagram of the counter circuit.
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LOW·FREQUENCY COUNTER 11
Since IC3 provides an output pulse with

a duty factor 011:1, and lC1counts only when
that output is high, a count period is twice
aslongasthepulseduration. With 100ms end
1 s gate times, that does not matter much,
but when the gate time is 10S, there is a delay
of 20 5 between two consecutive displays. A
litt1e 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

bya gate display consisting of T7 and 05.
Owing to the tiny base current through R16,
transistor T7 must be a type with high CUI-

rent amplificanon. The value of R16 cannot
be reduced, since the maximum perrrussfble
current drawn from pin 9 of JC3 is 40 j.J.A.If
the high resolution is of no interest, the gate
display can be omitted and 51 can be a sim-
ple 2-pole change-over switch.
To function correctly, ICl needs a latch

pulse and a reset pulse, which are provided
by monostables IC2a and TC2b respectively
The last transition (trailing edge) of the gate-
time pulses tnggers IC2a, which causes a
pulse of about 7 us at the latch input (LE) of
ICI, whereupon thecountercontentisshifted
into the display memory. The last transition
of the 7 us pulse triggers 1C2b, whose output
resets the counter.
Buffer T6 prevents the clock input of the

counter acceptlng too high values.
The input pulses and gate-time pulses are

combined by 'OR gate' D2-D3-R,2.
The level of the inpu t signal to the coun ter

should be not lower than 2 V r.m.s.: for lower
levels, a simple preamplifier-see Pig. 5-is
needed. Thelevel may beashighas 100V,pro-
vided that the working voltage of C3 allows
this.
The +5 V power supply rnust be regu-

lated; the maximum current drawn from it
is only 80 mA.

Preemplifier end power
supply
The preamplifier, needed when input levels
<2 V are processed, and the power supply,
whose circuits are shown in Fig. 5, are built
on to a small FCB (Pig. 8).
The preamplifier is designed around dis-

crete components. FET Tl 0 functions as impe-
dance converter to provide the necessary
high input impedence. Resistor R21 and anti-
parallel connected diodes DlO and On form
a protection network that limits the gate volt-
age of TIO to about 700 mV, although the
input level may be as high as 100 V.
The input impedance for Input levels

<600 mV r.m.s. is about 1MQ, that is, the
value ofR20.At higher Inputs, the impedance
drops. because DlO and Du then conduct,
thereby shunting R20with Rn At inputs of
1V r.m.s., theinputimpedanceis about400 kD
end at 2V r.m.S. it is about 150 kn. lf that is
too low, the value of R21 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
>10 kHz then deteriorates by up to 14 dB.



11I TEST & MEASUREMENT

Semiconductors:
01 = BAT85 Fig. 5. Circuit diagram 01 the preamplilier and power supply.
02-04.010.011 =
1N4148

05= LEO, 3 mm
012-015 = 1N4001 I
T1-T5, T11-T13 = BC548B I
T6 = BC558B
T7= BC548C
T10 = BF245C
IC1 = MM74C925
IC2 = 74LS221
IC4 = 7805

PARTS LIST

Resistors:
R1-R7 = 220 Q
R8 = 390 Q
R9, R27 = 47 kQ
R10, R11= 10 kQ
R12 = 3.3 kQ
R13, R22 = 1 kQ
R14, R23 = 100 kQ
R15=22kQ
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 kQ multiturn
preset, vertieal

Capacltors:
C1,C2=1 nF
C3 = 10 ~F, 35 V, vertieal
C4 = 330 nF
C5 = 220 ;.cF,10 V, vertical
C6, C14 = 100 nF, eeramie
C10 = 150 nF, 250 V
C11, C12 = 4.7 flF, 35 V,
tantalum

C13 = 270 pF
C15= 10flF, 10V, vertical
C16 = 470 ;.cF,25 V, vertieal

Miscellaneous:
S1 = 2 pole, 3 position slide
switeh

K1 = phono socket
K2 = 2·way terminal block
(mains) for PCB
mounting

LOi-L04 = 4·digit,
7·segment display

T r1 = mains transformer,
9 V 1.5 VA rating

Enelosure 60x150x132 mm
(2 % x 5 71a x 5 0/,. in)

PCB 910149-1
PCB 910149·2

r---------- ----- R"'''''
I
I
I
I
I K1

Q
I
I
I
I
I
I

I 2x 1N4148L ~------~

BCS48B

Tr1 012 ...015 = 1N4001

IC4

sv
+

7805
iI +1---<>---<1 • sv...

910149 - 11

Fig. 6. The printed-circuit board lor the counter and the display sections must be cut into two.
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Coupling eapaeitor ClO blocks any d.c.
eomponent in the input signal; it should,
therefore, have a working voltage of ~250 V.
The signal is applied to amplifier T11 via

Cu. The operating point of this stage has
been chosen so that not only does Tl1 mag-
nify the signal to a high degree. but, beeause
of its low eolleetor potential, it also acts as a

signallimiter. With the value of eolleetor re-
sistor R24as shown, the coUector potential
with respect to earth is about 0.9 V.
The output of T11 is fed via C12 to transis-

tors T12 and T13 that form a Schmitt trigger.
When PI is in a position where the base po-
tential of Tiz 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.

o
~

Ir-eJ:=otore I

Q 0

[J
~
o~w

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

potential suffice to drive Ttz into conduc-
tion. when Pj isseteorrectly,asinusoidal input
signal of only 10 mV results in a clean reet-
angular output signal.
A eapacitor to eouple 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 replaeed by a wire link.
The power supply for both thecounter and

the preamplifier needs a transformer rated
at 1.5VAonly Full-wave rectification is pro-
vided by diodes Diz-Drs. Filtering and reg-
ulation by C,6, CIS, and IC" respectively, is
standard for this type of supply. Note that
the transformerspecified 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 seetions have been com-
pleted. they must be soldered together at
rtght angles with the aid of a number of short
lengths of bare wire that provide electrical
connections between the display board and
thecounter board at the same time. This con-
struction can be seen clearly in Hg. 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.
That 01the prototype measured 6Oxl5Ox132nun
(2 'Ys x 5 "S x 5 'M6 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. lf a
metal case is used, the earth plane of the
preamplifier-power supply board must be
conneeted to the earth of the inpu t socket onIy.
Part 01 the preamplilier, 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 areund these parts

,.. at the underside of the board.
The connection between the input socket

and C10must be single screened cable.
Voltage regulator lC4 should be fitted on

a smaU hea t sink

Ca libration
Connect an oscilloseope to the output of the
Schmitt trigger and inject a 10 mV sinusoidal
slgnal of about 20 kHz into the Input socket.
Adjust P1 until the waveform on the oscillo-
scope is a true square wave. If no oscillo-
scope is available.adjust P, so that theeounter
reading remains the same for sinusoidal and
rectangularsignal inputs (ata level of 10 mV).
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. •



Coupling capacitor ClO 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 Tn via

Cn. The operating point of this stage has
been chosen so that not only does Tn mag-
nify the signal to a high degree, but, because
of its low collector potential, it also acts as a

signallirniter. With the value of collector re-
sistor R24 as shown, the collector potential
with respect to earth is about 0.9 V.
The output of Tu is fed via C12 to transis-

tors T12 and T13that form a Schrnitt trigger.
When PI is in a position where the base po-
tential of T12 is just insufficient to switch on
the transistor, even tiny changes in the base

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
right angles 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 prearnplifier-power supply
board.
The modular design enables the counter

to be housed in a variety of instrument cases.
Thatofthe prototype measured 6Oxl5Ox132mm
(2 % x 5 % x 5 3;]6 in) (HxWxD). The counter
. and display boards are fitted to the front
panel, while thepreamplifier and power supply
boards ~mtfixed to the bottom panel. If a
metal case is used, the earth plane of the
preamplifier-power supply board rriust be

r-: , connected to the earth of the input socket only.
. Part of the preamplifier, indicated by the

a- dashed line in Fig. 5 and- Fig. 8' should be
:~~: ,:"; H' t. scre!;nej from the power supply by a 15 rnrn

.'."l:';-' high strip of tinplate. It mayaiso prove use-
~'~j§JO""'-'-.-, -~~~<.' ,.:-_.:;..~·tlil~to pu(a 5 mm screen around'these parts~'Ir~. ~~,-"I\lD::-. v I'/'I,e, f>. I. ':I'-at the underside of the board. .
'" .n The connection between the input socket
,~c>+I-ö and C10 must be single screened cable.~~~~r~~OI1~i~~ ,,~~~';:.:~to, Je, shouldbe fitted on

~~~II" D Dll\o /~+

nlgl~~ III rn rn ;-E rii'a Calibration I • ,

~~~~_~~_.~~/J' . b.~V ~;'iJ'lfI/ J. ...cffA . "'" jConnect an oscilloscope to the' output of the
1l ~~ m ~ . D . D ~: 'SchrrÜtt trigger and inject a 10 rnV sinusoidal
(~I~ -Rl~.;;~2>*I\l. ; ~ '-,? signal.of about"20 kHz into the input socket.

(Öl"\'\ '\" ,"'-.../ V' )] Adjust PI until the waveform on the-oscillo-r~~,~~r1r~r.r'i~;~~:':l~~~:,:::i.~~:i~:~:i
I D D ;l l(J~ 2() ~ .. I rectangularsignalinputs(ataleveloflOmV).tJ ~.~Im 'ö~ ]7='-'. R21' ....-~; The counter has no overflow indication,
'.', I~TJ(~,,J.~_~__. ;i_~__~ ~_- ' _-_ /.r,.l>~ so that, if, for instance, the 10 kHz range is
~ ~ selected, and the input signal has a fre-
~ -0" c.I 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. •

Fig. 7. The display and counter boards must be fitted toqether at right angles.
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Fig. 8. Printed-circuit board for the preamplifier and power supply.

LOW-FREQUENCY COUNTER I
potential suffice to drive T12 into conduc-
tion. When P, issetcorrectly, 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 counter and

the preamplifier needs a trans former rated
at 1.5 VAonly. Pull-wave rectification is pro-
vided by diodes D12-DIS. Filtering and reg-
ulation by CI6' CIS, and IC4, respectively, is
standard for this type of supply, Note that
the transforrner specified isprotected against
short circuits: the primary circuit, therefore,
does not need a fuse,

Construction
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C14

:J!oon

r - - - - - - - - - - - - - - - R24 --,
I
I
I
I
I K1

Q
I
I
I
I
I
I

I 2x 1N4148L ~------~

BC548B

012 ...015 = 1N4001
5V

+IC4

7805
I) .1--.--o+5V
.....

~------ __ ---.---- __ ~o
910149·11

Fig:'S. CirclJit diagram ot the preamplitier and power supply .. ' ".. -

Miscellaneous:.
81 =.2 Role, 3 Rosition slide
switch ~\ ,:1.:' .

. K1 = phono socket
K2 = 2-way termi~~1 block
(mains) tor peB

.' .'mounting
.LD1-LD4 = 4-digit,
7-segment display

Tr1 = mains transtormer,
9 v; 1.5 VA rating

Enclosure 60x150x132 mm
(2 % x 5 7~ X 5 :}ja in)

peB 910149-1
peB 910149-2

Fig. 6. The printed-circuit board tor the counter and the display sections must be cut into two.
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CORRECTIONS & TIPS

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

The parts list on p. 44 erroneously states
that capacitors eil and C12 are tantalum
types. Sincethe polarityofthe voltageaeross
these capacitors may be inverted, the capac-
itors should be bipolar aluminium types.
Under 'Construction' on p.4S, it is stated

in the penultimate paragraphh that 'the con-
nection between theinputsocketand ClOITIust
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 ofthe printed cireuit board (p.23) was
not incJuded with the article in Dur February
1992 issue. Our apologies for this oversight,
The rnissing drawing is shown below.
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Automatie cycle lights
(July/August 1991, p. 49)

Sir-In the construction of 'Automatie
cycle lights", r have encountered three
problems.
1. Triggering of reib 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 elegaot) solution to this
is to connect the line from Q (pin 7) 10 R lO
junction R2-D1 (+ battery) via al kQ
resistor.
2. A short pulse caused by the switching
on of the battery triggered input +T of IC I b
(pin 4), which switched the battery off
again. This was cured by connecting a
470 nF capaeitor between +T and earth.
3. Triggering at +T of leib was so sensi-
tive that even a tiny movernent of the bicy-
cle causes the battery to be switched off. In
other words, if you don't hold the bicyc1e
absolutely still, its lights will flash on and
off. The sensitivity can be made variable
by replacing resistor R4 by a 100 kQ 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, wh ich 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

Yauare right: we apotogiie for that errat:
Editor

Build a compact-disc player
(January 1992, p. 36)

Sir-J think that your contributor,
T. Giffard, in his article 'Build a
compact-disc player'must be a lot more
wealthy than I arn if he eonsiders f249 "an
affordable price" (available from only one
advertiser in YOUf January issuel).
Especially as Philips' own personal com-
pact disc player cornplete 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



I
CORRECTIONS & TIPS

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

The parts list on p. 44 erroneously states
that capacitors CIl and CI2 are tantal um
types. Since the polarity ofthe 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 \0 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
not inc1uded with the artic1e in our February
1992 issue. Our apologies for this oversight.
The missing drawing is shown below.
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Automatie cycle Iights
(July/August 1991, p. 49)

Sir-In the construction of 'Automatie
cyc1e lights', I have encountered three
problems.
1. Triggering of IClb 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 stilliow 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 R2-DI (+ battery) via al kO
resistor.
2. A short pulse caused by the switching
on of the battery triggered input +T of IC I b
(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 IClb was so sensi-
tive that even a tiny movement of the bicy-
c1e causes the battery to be switched off. In
other words, if you don't hold the bicyc1e
absolutely still, its lights will flash on and
off. The sensitivity can be made variable
by replacing resistor R4 by a 100 kO 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 alow-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 artic1e 'Build a
compact-disc player'must be a lot more
wealthy than I am if he considers f249 "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 fl49 (from Argos).

J. Easton, Watchet, Somerset

The price mentioned in the advertisement
is HFL (Dutcn guilders) 249 (equivalent to
about i80.00). Editor



I
SCIENCE & TECHNOLOGY

THE array of human sensory apparatus is
withoutquestion a marvel of adaptiveevo-

lution. In particular, Nature has evolved mas-
terful systems for vision and hearing. In both
these sensory systems, physical stimuli are
translated into nerve irnpulses, which are in
turn processed by the brain. Mostofthe suc-
cesses in preserving such sensory systems
relate to irnproving the receptive stages be-
fore the nerve stimuli are generated. Thus,
restoration of sight can, for example, be
achieved byextraction ofcataracts.ln the im-
provementofhearing, benefit can corne from
the use of a hearing aid to arnplify the stirn-
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, lf simulated nerve im-
pulses of appropriate type could be injected
into the nerve palhways, sorneelement of sen-
sory perception could, in theory, be retained.
WhiJe this principle awaits to be developed
invisual systems, the useofcochlearimplants
in hearing research has been successful in pro-
vi ding a means of greatly improving the
hearing perception of many thousands of in-
di viduals around the world. (The cochlea is
the spiraJly 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 deviee that trans-
lates patterns of sound into aseries of elec-
trical signals wh ich are channelled directly
to the auditory nerve for onward transmission
to the brain. In so-called single channel sys-
tems, the output is attached directly to the
auditory nerve. In so-called multi-cbannel
systems, aseries of individual electrodes
are attached along the interior of the cochlea
where, in the normal ear, sound vibrations ex-
cite bair ceils to generate nerve impul ses. This
is a more 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

Cochlear implants

by Douglas Clarkson

tbe 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 ofhaircells
within the cochlea will vibrate. Higher fre-

Fig.1.Cochlear implant unit oflhe 'Nucleus'
system.

Fig. 2. Close-up on set 01electrodes im-
planted directly in the cochlea.

Fig. 3. Speech processor, external rni-
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 beconnected
to several nerve fibres. The 'design' of the
cochlea, bowever, does allow excellent pitch
or frequency diserimination to take place.
Early work on the structure ofthe cochlea

was undertaken by Marchese Alfonso Corti,
who first described it in 1851. The theory of
the selective resonance ofthecochlea was de-
scribed by Hermann von Heimholtz. A more
eomprehensive investigation of the cochlea
was undertaken by Georg von Bekesy, which
involved determining the vibrational eh ar-
acteristics ofhuman post-martern specirnens.

Real time listening
The mechanism of hearing can be imagined
to be a real time superposition ofeleetrical sig-
nals from all the various seetions of the line
of hair cells in the cochlea. Any 'artificial'
cochlea would have 10 simulate such a sens-
ing pattern. In particular in terms of fre-
queney 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 eomponents and
generating appropriate electrical stimuli.

Design 01modern 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 discrirnination 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 totaJJy deaf individual
to a world of sounds that puts hirn or her in
touch again with society.
In tbe design of cochlear implants, there

is a major division between analogue and dig-
ital systems. Analogue sysierns tend to have
direct connection by wire between the cochlear
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electrode and the sound analyserlstirnulus
unit. Digital systems tend to couple stimula-
tion signals using radio frequency linkage.
In one sense, the direct coupled analogue sys-
tem provides the advantage of sirnplified
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
minimurn risk of site infection.

The 'cochlear' system
Figure I shows the implanted unit of the
'cochlear ' implant developed by the Nucleus
Group. Original werk on thc uni! design was
undertaken by professor G.B. Clark and his
colJeagues at the University of Melboume,
Australia, during the early 1970s. The im-
plan ted 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 thecochlea. The 22 elec-
trodes are bands of pure platinum 0.3 mm
wide and spaced at 0.75 rrun intervals along
a silicone elastomer carrier. The array ta-
pers smoothly from a diameterofO.6 rrun at
its widest part to about 0.4 mm at the tip.
In the driving oftheindividual electrodes,

current can be driven between specific pairs
of electrodes or between a specific electrode
and all the remainder acting as a common
ground. Ir can be appreciated that some de-

greeofcustomizing ofeach system is required
to optimize performance. This is typicaUy un-
dertaken by testing hearing responses with a
so-called implant centre system, where CUf-
rent driving patterns can be tailored on a
master system before being incorporated in
the patient's own device. Specific performance
of, far example, consonant recognition can
be evaluated for a range of electrode driving
configurations.
Figure 3 shows the rnicrophone, external

sound processor and magnetic locator/stim-
ulator unit. The external sound processor is
usually worn on a carrying pouch.

~p L.. _. ...... ; __
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mechanisms
Speech elements can be identified as those in-
volving vocal chords such as 'eeee' or 'ah'
and those which da not, such as 's', 't' and
'k'. These are the so-ca lied '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
appropriateelectrode pattern to stimulate. The
required information is coupled via a 2.5 MHz
RF link to the implant electronics in order to
drive the electrode configuration.
For unvoiced speech elements, the speech

processor stimulates electrodes towards the
basal, high frequency end of the cochlea.

Midd!e ear caviry

ExI. aud. passäge

Tympanum

Pinna

Midd!e earOuter ear

Ampu!la
Venical semi-circutar canals

Auduory nerve

2Z-,3;;;;:::=zlri-sacculu5

Cochlea

Inner ear

Fig. 4. The ear consists 01three sections: the external, the middle and the inner ear.
The external ear extends Irom the external ear lobe (pinna) to the ear drum (tympa-
num). The middle ear acts as an amplifier with a gain 01 about 25 dB. The inner ear
consists primarily 01the Iluid-lilled cochlea. Electron microscopy has shown that ex-
posure to high levels 01noise results in irreparable damage to the hair cells mounted
on the basilar membrane, which then appear to be 'bent over' and no Ionger capable
01generating a nerve signal lor the brain to interpret.
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COCHLEAR IMPLANTS

The speech processor is, therefore, imple-
menting a first level of speech recognition
for voiced sounds.
Developments in performance of such

speech processors are primaril y being deri ved
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 inelude more general
word recognition features, though this is not
a feature of current systems.

Driving patterns 01current
It is known that direct current flowmg in
sensory nerve channels can result in dam-
age to sensitivities. The stimulus waveforms
in the Nucleus systern are biphasic orcharge
balanced so that the averaged current flow
across theelectrodes is elose tozero « I~).
The typical duration of a phase is 200 IJS

with pulse amplitudes of 100-800 ~. It is
appreciated that there is a danger in over-
driving neural circuits that are connected to
themain centraI nervaussystem. Current driv-
ing amplitudes that can be readily tolerated
in most patients can result in facial pain ar
facial museie spasm in a small number of
cases.

Uptake 01cochlear implant
technology
To date, there have been over 5000 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 'irnplant'
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 recentyears,
children have become a rnajor group to re-
ceive such implants, This is natural, since
their development is critically dependent on
communicating effectively with those around
them.
In the Uni ted 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
outs trips present levels of funding.

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



A DIRECT CONVERSION RADIO

Amateur radio is expensive, or should I 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.

THE author wanted to build a 10w cost
transceiver as an experiment to see just

what can be achieved. For sirnplicity, thls
means the radio is built for a single band and
that many of the camplications that make a
communications transcerver so costly can be
dlspensed with. As to the frequency, it was
decided that the 14-MHz (20-rn) band would
be best. I prefer that band to the more famil-
iar option of 3.5 MHz (SO-rn), because I could
get a reasonable dipole antenna into my back
garden because of its smaller size.
It was feit that owing to the experimental

nature of a transceiver Iset out to design that
it would be a reasonable idea to construct the
receiver seetion as aseparate project to iron
out any technical problems. and to see what
sort of signals could be heard from such a
low cost unit. 111e most successful of the de-
signs forms the basis of this articJe.

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 transrnissions, but withcare 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 nulJ
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 Iransmission. 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 generared within the receiver.
In the mixer, the sum and difference fre-
quencies are genera ted 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
lugher oe lower depending on the dilference.
However, if the receiver's oscillator is set,

say, 3 kHz above the correct nusstng carrier
frequency of an upper sideband signal, the
signal is treated es 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 feit 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 us.ing 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 Ieakage. 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 stage can
be added to Iry to prevent this and good
screening needs tc be placed between the
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A DIRECT CONVERSION RADIO I)

+ 12V

". "" ""en e~ a

r- " '" r- •
co,

"" '"

rca
B8204

"" '"iev 283AS-821J

12V
+

'"

1N4148 '"

"''"

,... ---.,
L1 : :, , ,
,,

es l _I.

KANK33:J.4R

SBL-1......~ ", a s ,
-@ @ 0 0

0 @ 0 @, • e •
... IF .... LO

BoUom VI"w

*see t ... t

!30n
'"
'", r" "MX'

eH

""rc 0 " \1
SBl-1 "................. 6 ...60p, s e r

920006 - 11

loeal oscillator and RF circuits.

Fig. 1. Circuit diagram of the direct conversion receiver. This version is designed to work on the 20m amateur radio band.

The oscillator
Essential for the design is the stability of the
single oscil1ator that in this case runs from
13.950 MHz to 14.400 MHz. TIUs 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 vancap 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 PET as the active device. Diode
D1 and resistor R3 provide gate bias for FET
Tl. The tuned circuit consists of the induct-
ance of Li 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 sinee the re-
ceiver can be made to tune to other fre-
queney 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 frorn a small secondary wind.ing
(tank) so that the following buffer only
lightly loads the oscillator.

Ouring development an MPF102, a BF245
and a 2SK55 were tried in the position Tl. ln
all cases the output was identieal, 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
a back-tc-back common cathode varieap pair
in a single T092 package, in which as one
diode loses bias, the other receives extra bias
and the capacitance across the anodes re-

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-
queney. 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 frorn the portion
of the output voltage of the 8-V regulator,
ICI, that is selected by the potential divider
consisting of the Hl-tum potentiometer Pi
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 Hl-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 Cl, C2 and C3 provide sta-

bility for the tuning voltage and prevent the
oscillator signal feeding back into voltage
regulator TC1. During operation, no current
flows out of the varicap except for leakage
currents, so resistor R2 provides an RF block
whilst passing the oe voltage needed to bias
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C15

LB1

C24

LS C27 LS C2S

Fig. 2a. Component mounting plan of the pes designed tor the radio.

the varicap. R4and C7 isolate the FET's drain
from the power supply at 12 V, as feedback
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 RFeireuit and mixer
The input circuit is extremely simple. Two
identical tuned circuits with a top connect-
mg capacitor act as a bandpass filter for the
incoming signaL 111ey have a Q of 10 with
the 50-11 impedance presented by the an-
tenna and the rruxer's Input. The top loading
capaeitor, C16, couples the signal between
them. The SBL-l mixer has a single-ended
50-Q input at pin 1, a 5O-Q local osci11ator
Input at pin 8, and the output is available at
pins 3 and 4. The output consists of the sum
and difference frequencies as weil as any slg-
nal that leaks through the mixer. Of these,
the difference is the audlo signal we select
and amplify-c-all the others are RF signals.

AF filter and amplifiers
Initial RF rejection is provided by R12-CI8
with LA,C,9 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 La, whilst at RF Rn and
CI8 maintain the 50-.0. impedance.

The main audio filter consists of Ls, L6
and C2S to C29. This is a lew-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 recelvlng more

COMPONENTS LIST

Resistors:
(all 250mW 5% carbon or metal film)
3 101dl
2 2201dl
1 2200
2 11dl
1 1k!l2
2 2k!l2
1 4Q7
3 1000
2 51Q
4 221dl
1 51dll
1 560
1 1Q
1 100
1 4k!l7Iin. tü-ium
1 101dl1og.

A1;A3;A7
A2;A21
A4
A5;A17
A6
A8;A18
A9
Al0;A11;A22
A12;A13
A14;A15;A19;A20
A16
A23
A24
A25
P1
P2

Capacitor6:
(all 16Vor greatervoltage rating)
12 1oonF ceramic Cl ;C3;C7;C8;C9;

Cl0;C14;C21 ;C22;
C30;C32;C42

8 lO~F radial C2;Cl1;C13;C19;
C20;C24;C31 ;C34

C4 space made tor optional frequency use;
not needed for 2Q-m teeeiver
1 22pF trimmer C5
1 4pF7 ceramic C6
2 220nF ceramic C12;C39
2 60pF trimmer C15;C17
1 3pF3 ceramic C16
1 330nF ceramic C18
1 3nF3 polyester C23
2 120nF polyester C25;C29
2 10nF polye51.r C26;C28

1 180nF polyester
1 100pF ceramic
3 100~F radial
1 470pF ceramic
1 22~F radial
1 470~F radial

C27
C33
C35;C36;C37
C38
C40
C41

Semiconductors:
1 78L08 ICl
1 BB204 IC2
2 LF351 or TL071 IC3;IC4
1 TBA820M IC5
1 MPF102 Tl
1 BF199 T2
1 BFY50151/52; 2N3053 T3
1 lN4148 01

Inductors:
1 Toko KANK3334A L1
2 T68-2 core (Micromatals). L2;L3
1 Toko 283AS-821J L4
2 Toko 181LY473 L5;L6

MlsceUaneous:
1 SBL-l Mx1
1 tc-turn indicator.
1 Knob for AF volume control.
1 Diecast aluminium box 19Ox11 Ox60mm.
1 AF input socket BNC or S0239.
1 Walkman type headphones
1 Power input socket
Short langths ot UA43 AF coax tor balun
connection, same audio coax for the head-
phones adapter, hookup wire, stand-offs,
26SWG (O.45-mm) anamelled copper wira.
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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.



RADIO AND TELEVISION

than one CW signal if they are closely
spaced, but it was feIt that most users wouJd
be listerung to SSB transrnissions. If required.
a narrow band seJect 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 impedanee 01 50 Q defined by
R13, and a voltage gain 01100 (equivalent to
40 dB) set by leedback resistor R16. R16 is also
shunted with a capacttor. C23, to cut down
on the high Irequency gain 01 the amplifier,
the cut-off being set at about 10kHz.

As the receiver has a single power supply
of 12 V only. the non-Inverring input to the
opamp has to be held at about 6 V to put the
opamp into its linear operafing region. This
voltage is provided by R14 and R1s with C20
and C21 to remove any a.c, from the oparnp
input. Capacitor C24 removes the d.c. off-set
at the output 01 IC3, passes the AF signal to
the main filter, and provides low frequency
attenuation of the AF signal. 111e second
opamp stage around IC4 provides another
40 d B 01 gain before the signal is passed to
the volurne control, P2, and on to the power
arnplilier,lCs.
The 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 alJows 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 le from the headphones.
To ensure stability, the two les in the AF

amplifier have capacitors across their supply
pins.

Construction
The whole circuit, except for the two poten-
tiometers, is mounted on a stngle Pf.B,
shown in Hg. 2. This board has its lower sur-
face etched to form the track pattern and the
upper surface either left unetched as asolid
ground plane, or etched as shown.
In the first case, the lower surface of the

board will be exposed, developed and
etched as uaual, but the upper surface will
need to be kept covered to prevent any remo-
val 01 the copper layer. In the final stage 01
board production, holes are drilled through
a11of 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 elose to the holes. Where the component
wires must pass through the peB 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 l;8-inch (3-
mm) drill mounted in a handle lor this. In
many cases, the components have one terrni-
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,
Patting campound: 50g will da two baJuns
with a little over.
Coax connector BNC type.
Spade terminals.
Ferrite core Micrometals T72-26.
26SWG enamelled copper wlre.

Parts Sources
Cirkit Distribution Ud. at Broxboume supply
al! of the Toko coils and the Micrometals
cores as weil 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 Li are also con-

neeted 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 ts used to solder
the small pads on the lower surface, great
care must be taken to avoid damaging thern,
or damaging the components by overheat-
ing.
To fit into the recommended box, the cor-

ners of the peB and a section at the centre
will need to be removed to a110wthe PCB to
pass the screw mountings. These should be
cut out at an early stage of rCB 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 thern.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 especlaliy over 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 fitring the
semiconductor itself.
In the prototype, the three JCs were sol-

dered into the board instead of fitted into
sockets, as board mounting is advantageous
with i.nexpensive ICs like these.
The only components not on the board

are the two potentiometers. The lO-turn pot,
PI, carries d.e. 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)
lang piece of 26SWG (0.45-mm dia.) ena-
melled copper wire, scratch away the insula-
tion about 6 inches (15 cm) from one end,
be nd 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. Th:is is the
connection to the two tuning capacitors and
the link capacitor. Repeat with a second core
and piece of wire. You will !lOW have two 25-
turn coils with taps at 5 tums suitable for use
with a 50-Q antenna and the 50-0 input to
the mixer. ShouJd you find that you wouJd
like to use a 75-0 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 opera tion need to be con-
nected together at the socket. The authors
radio has a standard jeck 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 elose 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, preterably very elose
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 invertcd, 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 loeate 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 Pt connects to the pad going to Cl 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 ng depends on the
amount of equipment available. The receiver
is designed to work from a 12-V power pack
normally intended for powering CS equip-
ment with an actual output voltage of
around 13.6 V. Although the alumlnium box
used to house the receiver is a good electrical
screen, it does not give any magnetie shield-
Ing. Unfortunately, the magnette field of the
mains transformer in the power supply can
couple to the inductors La, 15 and L6, 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 cepacitors es, C15
and C17 are initially set to a central position,
and the tuning control, Pi, is set so that the
voltage at the end of Rz is 8 V. This shouJd be
at the fully clockwise position if the pot has
been installed correctly, and equates to an
oscillator frequency of 14.4 MHz.
If anoscilloscope is available. connect this

to the emitter of T3. Next, adjust the core of
LI until the peak to peak voltage at the emit-
ter is 3 V or greater. Ignore frequency at this
stage. Altematively, 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 receivet, 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 14.0 MHz to 14.4 MHz
which covers the 20-m amateur band, and
calibrate the read-out with thedial on the ten
turn pot.

11 no scope or DVM is available, the core
of L1 can be set to the correct frequency with
C5 left in the central position. The oscillator
output will be sufficiently elose 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 calibraror
or the loan of a communications receiver. lf
you are a member 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 dtpole antenna works much
better than a long wire. The author's fa-
vourite is made frorn 300-0 ribbon cable.
Take a piece of ribbon cable 28 ft long (ap-
prox. 8.4 m) end 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 300-0 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 50-0 or 75-0
single-ended (unbalanced) input, but up to
now our antenna is of a balanced type. To
convert the 300-0 balanced to 75-12 single
ended we need to make a balun. In practice,
the balun is wound on a ferrite core. Take
two pieces of 26SWG (0.45-mm dia.) ena-
melled copper wire about 2 ft (60 cm) long,
twist them lightly together, 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 a11of 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 wi th 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. •
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Fig. 2b. Track side and component side copper layout. Th~ component side need not be etched as shown here; see the text for details.
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11
DESIGN IDEAS

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

the author and do not Imply practlcal expertence by Elektol Electron/cs

Exploring negative resistance: the lambda diode

DESISTANCE is omnipresent in electron-
.l"-.ics. A few materials (super conductors)
lose their resistance at fairly low temperatures,
and a11materials lose it completely at abso-
lute zero. However; at normal tcmpcratures.
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. Ta determine the resistance
of a component, apply a voltage across it and
measure how much current flows through
it. The resistance equals the voltage divided
by the current:

where R is in ohrns, U in volts and I 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 Pig. 1,
it will be seen to be 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 devices are so weil behavedand we

need not look at exotic devices to find an ex-
ample. The wire-filament light bulb is 110n-
linear! As the voltage applied across it is in-
creased, the filament heats up and its resis-
tanceincreases. Thebulb will passalowercur-
rent at lugher voltagessee Fig. 2. A sirnilar
effect is 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, havedifferentval-

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, that is, withconstantcir-
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.

i

v -----.
910154 -11

Fig.l. V-/curve of simple resistor.

i

v -----.
910154 ·12

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

i

v .........
910154 ·13

Fig. 3. V-I curve of tunnel diode.

A more interesting notion is that of dy-
narnic resistance. IfFigures 1and 2were 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
becauseit is measured as a resultantofchang-
ing circuit parameters.
Whilethestatic resistance 1Sthe 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 thecaseof a resistor, the dynamic resistance
is constant and equal to the static resistance.
But for the light bulb or the diode, the gradi-
ent, that is, the dynamic resista.nce, of their
curves is a function of the applied voltage.
If the gradient of most devices is plotted,

it will be found to be invanably 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 nega tive resistanee. Of course, ifYOll
applied a voltage of say, 200 mV (in the neg-
ative slope region) and measured the CU!-
rent, it would have a sensible, positive value.
It ls not the statie resistance that is negative,
but the change in current Is in the opposite
sense (it decreases) compared with normal
positive resistanee devices when the voltage
is increased.
Buthow isnegative resistance used? Tunnel

diodesare used in oscillators, monostableand

.. + Vsupply

"

normal diode

910154 -14

Fig. 4. Series resistor-diode network.
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Fig. 5. The lambda diode.

i
1

,/

peak at I = few mA.
V=2Vo(ts
(approx)

V--.
910154 -16

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

t

V--.
910154 ·17

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

Vsupply

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 50 that it
operates correctly, but note that negative dy-
namic resistance devices have several COf-

reet operating müdes.

v;~
v~

Load lines
Ta 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
anodeof thediode will run? Ifwe plot thecur-
rent-voltage behaviour of the diode, a curve
Iike that in Fig. 6 would be obtained. If the
diode were not in the circult, the maximum
voltage that could be present at the diode
end of the resistor would be the supply voIt-
age, Vs. If the diode were short-circuited, the
maximum current that would flow would
be Vs/ 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 teUs
us (a) at what voltage and (b) at what cur-
rent theanode of thediode will be. These lines
are known as load lines.
So, by drawing the load Iines, we may

determine what are the operafing 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. thereareseveral possible
characteristics.

The lambda diode
While tunnel diodes are relatively rare, n--chan-
nel and p--channel FETsare common. Bycom-
bining an n-channel and a p-channel FET as
shown in Ftg. 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, 11.
Figure 7 shows three

possible blasing schemes
for the lambda diode. In
the first, the device has
only one intersection or
operating point. Despite
enyperturbations, the sim-
ple resistor and lambda
diode combination will
settle down to operate
around thispoint its point
of stability.
In the second case, there
are two points of stabil-
tty: that is, the combina-
tion will werk as a bistable.
lf it is at the lower-volt-
age point, momentarily
increasingthevoltage(for

910154 -18

Fig. 8. Bistable circuit.
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instance, by a pulse fed via a capacitor-see
Fig. 8) will cause the circuit to stabilize at a
lugher voltage point. By applying a pulse in
the opposite sense, the circuit will switch
back to the first operattng potnt: itisa bistable.
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 = 1/21t'iLC.

where f is in Hz, L in H and C in F.
In an ordinary circuit, the resistance in

the circuitca uses theenergy of the oscilla tions
to be lost and the circuit ceases to oscillate.
But if the resistance is countered by a nega-
tive resistance, the circui t will resonate in-
definitely

Vsupply

c
~•

Zener

L

910154-19

Fig. 9. Simple LC oscillator.

Figure 9 shows a suitable circuit for ex-
perimentation: Vs(upply) is in all cases 12 V.
The circuit tends to be very stable: rypically,
the drift is $100 p.p.m. per hour. The ampli-
tudeoftheoscillations isabout±2 V. Theout-
put of the oscillator in any practical applica-
tions must be buffered, otherwise the load
caused by the following drcuitry 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

a varactor diode, thecircuitmay be tunedelec-
tronically Note that the circuit is simplified
by having only one tuning capacitor and a sin-
gte, tap-Iess Irrductor. unlike the classical
Hartley and Colpitts oscillators. •



PROTOTYPING BOARD FOR IBM
pes

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

compatible.

A prototyping card is an essential item if
YOll want to equip your pe 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 pe are available
ready-made from pe hardware supplierst
they are pretty expensive. As regards the
choice of the interface to which the prototyp-
ing board is connected, the extension bus of
the pe is the only viable alternative. Adequ-
ate as they are far their specific applications,
the other interfaces, the parallel printer ports
and the serial ports, are not realJy suitable for
prototyping purposes, if at alt they are 'free'.
The prototyping eard described here is,
therefore, designed as an insertion card for
the internal bus of the Pe.

The circuit
The circuit diagrarn of the prototyptng
board, Ftg. I, 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-

byA. rugby

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 10-
cated between 300H and 31FH in PC XTs and
ATs.

Returning to the circuit dia gram, the con-
tact fingers on the board that connect to the
pe 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 diagrarn we find the da-
tabus buffer, IC4, whose direction (DIR)
input is controlled by the buffered lORD sig-
nal supplied via buffer IC3. The logic level of
the rORD line indicates whether the PC per-
forms a read or a write operanon. The enable
(G) input of the databus bufler is puJled to
+5 V by resistor Rt. and may be driven by the
prototype circuit.

The address bus of the PC is buffered by
rCI and rC2, and four buffers contained in
IC3. These three rcs are Type 74HCT541
octal non-inverring buffers with three-state

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

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 dock signal 01 the
1/0 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 820) carries the system clock sig-
nal. which in the standard IBM PC is one
third of the oscilJator frequency, i.e.,
1.59 MHz (4.77 MHz/3). The mark/space
ratio 01 this signal is 1:2. It shouJd be noted
that the asc and CLK frequendes used in
today's pes are much lugher than those in
the original fBM PC XT.

RESET (pin B02) serves to initialize the sys-
tem when the power is switched Oll, 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.

lORD (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 OMA control-
ler.

MEMWR (pin B11) indicates that the data
on the databus can be written to the Ioeation
addressed by address !ines AO 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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a simple address decoder based on a word
comparator JC, the 74HCT688. All that is re-
quired to actuaHy use this circuit is to set the
switches in the DTL switch block to the re-
quired address, and connect the SELECT
output to the EN input of the databus buffer
in the pe interface, IC4. The address com-
parator uses 'full' l/O access decoding by
making use of a logic combination (in an
AND and an OR gate) of the AEN (address
enable), lORD and IOWR signals, the latter
two being supplied via buffers in la. The
SELECT input goes low when the address
preset on the switch block matches that sup-
plied by the Pe.
Finally. note that the memory area

reserved for prototype card is relatively

Signal Pin designation Signal
name ccmpo- name

track
side nent

side

GND BOl AOl .zo.,
CHCK

RESET B02 A02 D7

+SV B03 A03 D6

IRQ2 B04 A04 D5

-sv B05 A05 D4

DREQ2 B06 A06 D3

+12V B07 AOl D2

reserved BOB AOB Dl

+12V B09 A09 DO

GND 810 Al0 1/0
CHRDY

MEMW 811 All AEN

MEMR 812 A12 A19

10WC 813 A13 AlB

10RC 814 A14 A17

DACK3 815 A15 A16

DREQ3 816 A16 A15

DACKl B17 A17 A14

DREQl 81B AlB A13

DACKO 819 A19 A12

CLK 820 A20 All

IRQ7 821 A21 Al0

IRQ6 822 A22 A9

IRQ5 823 A23 AB

IRQ4 824 A24 A7

IRQ3 825 A25 A6

DACK2 826 A26 A5

TC 827 A27 A6

ALE 82B A2B A3

+5V 829 A29 A2

OSC 830 A30 Al

GND 831 A31 AO
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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 controllines.
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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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Fig. 3. Track layouts (mirror images) of the double-sided peB.
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VO Address Function

OOOH-OOFH

020H-021H

040H-043H

060H-063H

080H-083H

OAOH-OBFH
OCOH-OFFH
100H-1FFH
200H-20FH

210H-217H
220H-24FH
278H-27FH
2F8H-2FFH
300H-31FH
320H-32FH
378H-37FH

380H-38FH
3AOH-3AFH
3BOH-3BFH

3COH-3CFH
300H-30FH
3EOH-3E7H
3FOH-3F7H
3F8H-3FFH

OMA-Controller
(8237A-5)
Inte rru pt-Controlle r
(8259-5)
Timer/Counter
(8253-5)
System Register
(8255A-5)
OMA-Side Register
(74LS670)
NMI-Interrupt Register
Reserved
Front Panel Controller
For Computer Games
(Game Port)
Additional Unit
Reserved
Second Printer
Second Serial Interface
Prototype Card
Hard Oisk-Controller
Printer Interface
(parallel)
SOLC-Interface
Reserved
Monochrome Adapter
and printer
Reserved
Colour Graphics Card
Reserved
Floppy Controller
Serial Interface

Table 2. 1/0 address assignment in IBM
pes (source: IBM).
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COMPONENTS LIST

Reslstors:
1 lookn Rl

Capacltors:
3 100nF Cl;C2;C3

Semlconductors:
3 74HCT541
1 74HCT245

ICl ;IC2;IC3
IC4

Miscellaneous:
1 peS-mount 25-way male

sub-D connector
peS-mount 9-way male
sub-D connector
Printed circuit board

Kl

K2
910049

small, and located between 300H and 31FH,
which provides only 16 addresses.

The printed circuit board
This consists of three seetions:

a secnon containing the address and
data bus buffers;
a seetion for prototyping;
a seetion containing the output connec-
tors.

The buffers are located elose to the contact
fingers on the board thatplug intothe PC ex-
tension slot. Provision is made for a number
of tracks that carry the address lines AO to
A16 to be 'broken'. Ibis option is provided
because it will seldorn be necessary to use a11
address Iines. 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 interconneeted and form a
ground line. They are connected to pin BOI,
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 Kl 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 do is consult the
parts list and fit the components by reference
number on to the card. Whether or not the
sub-D plugs are mounted will depend on
YOUf application.

Now it is YOUf turn to develop circuits
that can be built in the prototyping area of
the card. Suggestions abound: a speech syn-
theslzer. a sound generator, a signal proces-
sor, etc.
Pinally, when in doubt about the pinning

of whatever connector, sIot, cable or plug in
YOllI PC, consult the 'pe Connectors' wall
chart supplied with the September 1991
issue of Elektor Electronics. •
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Fig. 3. Track layouts (mirror images) of the double-sided peB.
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UNIVERSAL RCS-CODE INFRA-RED
RECEIVER

This compact receiver is compatible with all infra-red remote
controls that transmit ReS codes. The ReS 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 ReS compatible infra-red remote control, an item that is
available in many different versions as a spare part.

by A. Rigby

REMOTE control these days seems com-
monplace for domestic audio/video

equ.ipment, and not a few electron.ics en-
thusiasts rightly wortder why itseems so dif-
ficult to implement on horne-made projects.
The Res ccde is one of many systems de-

veloped by manufacturers of consumer elec-
tronics to srandardize the control of their
audio/video equipment. Most equipment
produced with infra-red remote control uses
a subset of ReS codes. The universal charac-

ter of the Re5 code set makes it particularly
suited to home-made equipment.

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

The circuit
The ReS receiver is a relatively simple cir-
cuit-c-see Eg. 1. The functions of receiving

and decoding the infra-red signal are
handled separately by two integrated cir-
cuits. Kt receives the infra-red signaJ via
diode 01, and converts it into a TIL-com-
patible pulse train. The response of IC2 to
this pulse train depends on the setting of the
jumpers on the board. Assuming that [um-
pers S and Aare fitted, the reception of an
ReS code will cause a command code to ap-
pear on lines 00-05, and a system address
on lines AO-A4. Also, the TO (toggle) line.
pin 18, changes state. Tesnng this bit allows
the receiver to detect the reception of a new
code. Oecoded data remains 'frozen' on the
output lines until TO toggles.
If jumper A is removed, IC2 sees lines

AO-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 00-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 O. 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 transmi tter. How-
ever, when jumper R (repeat) is fitted instead
of jumper 5 (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.
lOb is wired as a monostable multivibra-

tor (MMV), and docked repeatedly by the
RECVD output ofIC2. Unlike the TO output,
the RECVD output supplies a pulse train
while a transmitter key is pressed. When the
dock pulse is received at pin 3, the Q output
of IC3b goes high. This in turn docks IC3.
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
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UNIVERSAL RCS-CODE INFRA-RED RECEIVER

.. __ ..J.. LIMIT OUT 1-"'------f--'i9 iN
cu. 2 A1 RA p'-r-,

" ,'<'r- ~,: -;; 01 :;:'l{ ...~ ...! 02 ICl LI
BPW41 C2-· Al TDA3048 6m2 2n2

~! RA 10

" ~ .:~ c" CA> '-:J.., :;~i.RESET TO f1!-- >---~:J
HL CAl CA2 Jon _~l [:-r' XI RECVD 19

AGe GND 5HAPE ~:- _ X2 ReS GND

,'# ",:~ BAS3t ~~ ta

.---~;~~:~r
27 ~ 27P

"

~
t-'f-<>I'
Llf--/: '/'
:/'
, '/'
~:/
_l! ~ I'
-'-./

- ~~-,

187161520

.6.QA!M9-3A4 vcc

OO~~f:~:tl:fjEl~~~
D1 ,

0' ,
03 •
04 s
05 •

IC'
SAAJ049

•

C'Qt"f-o'......,
,!!!-, I~"'"

BC547B ...

, /'
, '/'

* see lul

1 --*

'" ~

"5
9 Q 0 12 ~-------_'l' 0

e LJ ...2..... 6-

o .CU«" J;" ~ ~. 0 t'
13 I :~v ~ BAS3

L,-':;",...J
ICl"

'-- __ .J 74HCT74

o '

IC3b
'-- -.l74HCT74 910137· 11

Fig. 1. A sensitive ReS code infra-red receiver built trom a minimum number of components.

CIS is discharged via R6.Consequently. the
Cl output goes high again, and C,5 is charged
rapidly via D4 and R5, which ends the reset
state. At the next RECVD pulse, the Q output
of lOb changes to high agam and docks
10" which toggles. In this way, the toggle
bit changes state every 0.5 S, as long as the re-
ceiver receives the code.
The above is possible only when the sub

address is set via solder links AD--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 i.f a small modification
is made to the board: connect pin 3of Tu di-
reet to the cathode of 03 (do not insert pin 3
01 IC3 into the PCB hole while fitting the JC,
and connect it to D3via a shortpiece of wire}.
The system address and the command

code are fed to extemal equipment via con-
nector K1. When the fixed system address
option is used, a 14-way connector may be
used for Kt. 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 Klo

The circuit draws about 5 mA in the stand-
by state. This current increases a little when
an ReS code is received, since LEO D3 then
lights. Inductors 1.2 and 1...3 are wound on a
single core, and serve to suppress inter-
ference on the power supply rails. A clean
supply voltage 15necessary because the re-
ceiver operates with very low signal levels at
its input. Hence, the cleaner the supply, the
greater the maxirnum distance that can be
covered by the remote control system.

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 ICI 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 ped. 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 L3are horne made as il-

lustra ted in Fig. 3: put two windings of
10 turns of O.5-mm diameter (SWG18;
AWG19) enamelled copper wire on to the
ring core. Both inductors are wound in the
same direction.
To isolate it completely from external

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

Table 1. Jumper settings

A open: single-system mode; a single address is hardwired to
terminals AO-A4.

combined-system mode; received system address is
supplied via terminals AO-A4.

single mode; toggle output changes state on receipt
01 a new code only;

repeat mode; toggle output changes state every 0.5 s
as long as a code is received.

A closed:

S closed; R open:

S open; R closed:

(stray) radiation, the receiver may be en-
closed in a box made of thinsheet 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.

ters are downright simple circuits, as illus-
trated in Fig. 4. One TCdoes a11the work, and
this is usually one of three SAA or SAF types
that are pin-compatible with very srnall dif-
ferences.
Here, only pin 2 (SSM) and the two key-

board matrices are of interest. The X/DR-
matrix ccntains the push-buttons that serve
to transmit certain command codes, The
number with a push-button indicates the
correspondtng code.
The Z/DR matrix serves to indicate the

system address to be transmitred along with
the command code. The numbers adjacent to
the keys are the corresponding system ad-
dresses. The Jogic level applied 10 pin 2 of the
IR transmitter Ie deterrnines whether the
Z/DR-matrix actually consists of keys, or is

The transmitter
Although thls artide is not concemed with
the building of an IR transrnitter, it ls, none
the less, usefu1 to understand its operation.
Inmost 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-

COMPONENTS LIST

Reslstors:
(all SMA except R3 and R7)
2 56k!l Rl ;R2
1 4-way 10k!l SIL

(normal size)
2 68k!l
1 lk!l
1 33Ok!l
1 8-way 10k!l SIL

(normal size)
1000
lMQ
2200
5k!l6
33k!l

R3
R4;R9
R5
R6

R7
R8
Rl0
Rll
R12
R13

Capacitors:
(all SMA, except electrolytic caps)
3 10nF Cl ;C2;C7
1 47nF C3
1 22nF C4
1 6nFa C5
3 l00nF C6;C13;C14
1 2nF2 C8
1 lOO!1F6V tantalum C9
1 l~F 6V tantalum Cl0
2 27pF Cll;C12
1 l~F 16V axial C15

Inductors:
1 choke 8mH2 L1
1 t-cm dia, ferrite ring core

e.q., T37-6 (see text) L2;L3
O.5-mmdia (18SWG; 19AWG)
enameHed copper wire

Semiconductors:
1 BPW41
2 BAS32 (SMA)
1 LEO
2 BC547B
1 TOA3048
1 SAA3049
1 74HCT74

01
02;04
03
Tl;T2
ICl
IC2
IC3

Miscellaneous:
3 2-way pin header and jumpet A;S;R
1 14-way or 20-way box header K1
1 4-MHz quartz crystal Xl
1 Printed circuit board 910137

Fig. 3. Construction details 01 inductors
L2 and L3.
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BACKGROUND TO THERCS CODE

A
1 CODE

MSB LSB.!'ISB LSB

1 1 IS41s3 s21s11solc51c41CJlc2fcllCo

{
~

system --.J- command __
address bits bits

control bit

., ~ -. ~ scan .: bits

t~~: /.--- data ward time = 14bit times

I
start

910t37· t4

dalaword of Ihe following structure:
·2 run-in bits 10 adjusl Ihe AGC (auto-
matic gain contra I) level in the receiver
IC;
. 1 check bit Ihat indicates a new data
transfer (order: MSB first);
·6 bits that indicate the command (MSB
first).

The RC5 code set developed by Philips
allows 2,048 commands to be trans-
mitted, divided into 32 addressable
groups of 64 commands each. In this
system, each piece of equipment is as-
signed its own address, so thai, for
example, a volume setting command is
not processed by a TV set and a prearn-
plifier at the same time. The RC5 code
set is extended and updated as new
equipment 15 introduced, for instance,
Ihe new DCC (digital compact cassette)
recorder.
The transmitted code consists of a 14·bit

This structure is illustrated in Fig. A. To
prevent interference tram other infra-red
sources (e.g., incandescent lamps), the
code is transmitted in biphase format. In
this system, a logic 1 is transmitted as a

B

I --_

/ -------
I ---_
I ~=6.9444 ...s --_
I -+lJ+- ---- _

910137·15

half bit time without signal, followed by
a half bit lime with signal. A logic 0 has
exactly the opposite slructure: a half bit
time with signal lollowed by a half bit
time without signal. Figure B shows the
structure. Each half bit consists of
32 shorter pulses.
Each Iransmitted bit has a length of
1.778 ms-this time is derived from a
36·kHz oscillator. The frequency is
chosen to prevent interference with,
among other sourees, wireless head-
phones and horizontal deflection cir-
CUftS In Tvs.
A complete dataword has a length of
24.889 ms, and ls always transrnittsd
complete, even if the relevant key is
released within this period. If the key ls
held pressed, the associated dataword
is repeated in intervals of 64 bit times
(l.e., 113.778 ms).
The lables pravide the most essential
information 10enable home-rnade equip-
ment to be contralied via an existing
RC5·compatible remote centrot. The!wo
addresses reserved for experimental ap-
plications are of particular inlerest. In all
cases, the IR transmitter must be set to
the address assigned to the equipment
to be contralied .

Res code address/command overview

0-9
stand-by
mute
presets
volume +
volume -
brightness +
brightness -
c. saturation +
C. saturation -
bass +
bass -
treble +
treble -
balance right
balance left
pause
fast reverse
fast forward
play
stop
re cord

o
2
5
7
16
17
18
19

TV set
Teletext
video recorder
experimental
preamplifier
receiver/tuner
tape/cassette recorder
experimental

System
address Equipment

ELEKTOR ELECTRONICS JANUARY 1992

Command
code Function

0-9
t2
13
14
16
17
18
19
20
21
22
23
24
25
26
27
48
50
52
53
54
55
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Fig. 4. Typical keyboard/le configuration in an ACS-compatible infra-red remote contral
transmitter.

RTP 31 RTP 38 RTP 39 RTP 58

910137 ·13

Fig. 5. A seleetion of particularly suitable Palicorn infra-red remote control boxes.

Fig. 6. Close-up of the connector side of
the board.

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 ruay be
used to indicate the system address to be
sent before the comm.ands. This address is
latched intemally. so that the system key
need not be kept pressed alJ 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
(111111,; system select). On receipt of this
command, the selected (addressed) system
'wakes up'.
The operation of the transmitter Ie in

Fig. 7. Setting a new system address in a
remote control transmitter.

stngle-system mode (SSM) is practically the
same as deseribed above. In this mode, the Z-
matrix eonsists of one fixed eonnection be-
tween a DR Une and a Z line. Hence, the
system address transmitted by the remote
control box can be ehanged 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-
dressi.ng two different systems (e.g., a TV set
and a videorecorder) with the aid of a switch
(or a set of electronic switches).
Infra-red remote control transmitters

using the RCS code are available in various
versions from a number of manufacturers
and distributors of radio/TV spare parts.
Pigure S 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 requlred for your particular applica-
non. All Policom transmitters have the ad-
vantage of being modified easily. For
instance, you may want to design your own
front panellettering and key symbols, and
stick this over the existing template on the
flat controls panel.
In alt cases, the box must be opened to

change the system address. Thls is done by
removing the screw in the battery compart-
ment. The two hal ves of the ease 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 conneetion between one of the Z
lines and one of the DR lines. Note that this
conneetion may not always be visible be-
eause of a double-sided printed circuit
board. The connection may be broken by
desoldenng 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.

Table 1. Jumper settings

A open: single-system mode; a single address is hardwired to
terminals AO-A4.
combined-system mode; received system address is
supplied via terminals AO~A4.
single mode; toggle output changes state on receipt
of a new code only;
repeat mode; toggle output changes state every 0.5 s
as long as a code is received.

A closed:

S ctosed: R open:

S open; R closed:

(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.

ters are downright simple circuits, as illus-
trated in Fig. 4. One IC does a11the work, and
this is usua11yone of three SAA or SAF types
that are pin-compatible with very sma11dif-
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 ZjDR 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
ZjDR-matrix actua11y consists of keys, or is

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-

COMPONENTS LIST

Miscellaneous:
3 2-waypin headerandjumper A;S;R
1 l4-way or 20-waybox headerKl
1 4-MHzquartzcrystal Xl
1 Printedcircuit board 910137

Resistors:
(all $MA exeeptR3 andR7)
2 56kn R1;R2
1 4-way 10kn SIL

(normalsize)
2 68kn
1 1kn
1 330kn
1 8-way10kn SIL

(normalsize)
1 1000
1 lMO
1 2200
1 5kn6
1 33kn

R3
R4;R9
R5
R6

R7
R8
R10
R11
R12
R13

Capacitors:,
(all SMA,exceptelectrolyticcaps)
3 10nF Cl;C2;C7
1 47nF C3
1 22nF C4
1 6nF8 C5
3 100nF C6;C13;C14
1 2nF2 C8
1 100~F6y' tantalum C9
1 1~F6V tantalum C10
2 27pF Cl1 ;C12
1 lf.lF 16Vaxial C15

Inductors:
1. choke8mH2 1..1
1 l-cm dia. ferrite ringcore
e.g.,T37-6 (seetext) I..2;L3

0.5-mmdia (18SWG;19AWG)
enamelledcopperwire

Semiconductors:
1 BPW4l
2 BAS32(SMA)
1 LEO
2 BC547B
1 TDA3048
1 SAA3049
1 74HCT74

01
02;04
03
Tl;T2
IC1
IC2
IC3

910137-14

Fig. 3. Construction details of inductors
1..2and L3.
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