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Although it has been in
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(50 MHz) band has
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MIDI PROGRAMME CHANGER

by R. Degend\

Since virtually all electronic musical instruments are now fitted
with a Musical Instrument Digital Interface (MIDI), it has become
possible to control a whole array of such instruments from a
small keyboard. The MIDI programme changer described in this
article is based on that concept and enables a number of electro-
phonic instruments to be accessed quickly and efficiently.

HANKS to the MIDI (Musical Instrument

Digital Interface), it is now possible for
all performances of a musician to be recorded
digitally and stored on floppy disks. When
the stored music is replayed, it sounds as
naturalas whenit wasrecorded. Also, by per-
forming a number of pieces in succession
and storing them ina sequencer, the musician
cansimulatean entire orchestra. Furthermore,
integration of the interface with a personal
computer gives several new possibilities,
such as the noting down of complete musi-
cal scores with the aid of a keyboard, and
the transposing of pieces of music at the
touch of a button.

The strength of the MIDI is its ability to
exchangeinformation rapidly in real time with
theaid of aserial connection. Notonly the key
impressions, and the force with which these
are carried out, can be transmitted via the
MIDI, but also information about the tempo,
the chosen preset, synchronizing pulses and
complete samples. This is the reason that
nowadays keyboards are frequently offered
for sale together with an expander.

In principle, an expanderisacomplete mu-
sical instrument, the keyboard of which has
been replaced by a MIDI input. It receives
all the required control signals via the serial
connection. In general, it offers more facilities
for a smaller outlay: the money that would
otherwise have been spent on a keyboard is
now available for other things.

A disadvantage of the expander is that it
requires a separate (MIDI-master) keyboard
or sequencer to make full use of all its facili-
ties. In particular, the changing of a preset
can create problems, since most keyboards
can not generate a programme change in-
struction without altering its own settings.
Also, there are differences in the counters
fitted to the keyboards: on some these oper-
ate in the decimal system, while others use
the octal system.

The present programme changer enables
the choosing of a different preset in the mu-
sical instrument via the MIDL. This is done
by keying thedesired programme change code
(a decimal number of not more than three dig-
its) on the keyboard of the changer and con-
firming it with ‘ent’ (enter). Corrections may
be made with the ‘clear” key. Once the code
has been confirmed, the unit transmits the
hexadecimal code Cxy and theassociated data

to the the appropriate musical instrument.

The programme change command is made
up oftwobytes. Thefirstof theseis 1100nnnn,
where nnnn is the binary coded number of
the MIDI channel. The second is Oppppppp.
where ppppppp is the binary form of the
decimal number keyed in. This number lies
between 0 and 127, because the MIDI proto-
col has reserved seven bits for it.

Circuit description

The MIDI programme changer is a small,
but complete, microprocessor system. The
Type 8031 microcontroller, IC;, processes the
incoming MIDI data and scans the keyboard.
The control program is contained in a Type
2764 EPROM, ICy4. The demultiplexing of
the microcontroller's data/address bus is
carried out by 1C,.

The microcontroller confirms thatthe data
at gate 0 are valid address data via pin 30
(ALE/P). This information is stored by IC,
and placed onaddress lines AO-A7 of ICy. The
remaining address lines, A8-A12, are con-
nected to gate 2 of the microcontroller.

The data bus of the EPROM is connected
to gate 0 of IC;. The microcontroller reads
the data from IC; via the PSEN signal.

The RD output of IC; is used to read the
contents of DIP switches S$15-S;p. Diodes
D;~Dy ensure that the DIP switches can not
adversely affect the operation of the key-
board. As soon as the RD line is high, they

form a sort of three-state input.

The setting of the switches determines
which MIDI channel is selected for trans-
mission of the data. When all switches are
closed, that is, ON (equivalent to logic 0),
channel 0 is selected; when they are all open

Table 1
Sia | Si | Sic | Sip [ Channel

0 0 0 0 0

1 0 0 0 1

0 1 0 0 2

1 1 0 0 3
0 0 1 0 4

1 0 1 0 5
0 1 1 0 6

1 1 1 0 7]
0 0 0 1 8

1 0 0 1 9
0 1 0 1 10
1 1 0 1 11
0 0 1 1 12
1 0 1 1 13
0 1 1 1 14
1 1 1 1 15
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MIDI PROGRAMME CHANGER
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Fig. 1. Circuit diagram of the MIDI programme changer.
Construction

(oFF = logic 1), channel 15 is selected—see
Table1. When the setting of aswitchisaltered,
the change becomes effective only after the
next power-on reset.

Since the outputs of gate 1 are internally
provided with a pull-up resistance, external
resistors are not necessary.

All twelve keys on the keyboard are con-
nected to a common earth on connector Kj.

The microcontroller is reset via network
R;-C;. Every time the power is switched on,
pin 9 of IC; goes high for an instant and the
microcontroller starts processing the data in
the EPROM. At the same time, the settings
of the DIP switches are read.

Crystal X; is connected directly to the X-
pins of the controller and oscillates at 6 MHz.

Diode D5 has two functions: it lights briefly
when one of the keys is impressed and it
flashes when the programme mode is active.
The LED is controlled by the WR output via
IC3,. As soon as the level at this output goes
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high, the diode lights.

Since the MIDI operates witha currentloop
and mustbeelectrically isolated from the equip-
ment connected to it, its input is formed by an
optoisolator, ICs. The light-emitting diode in
this device is operated by the current flowing
intheloop. Theserial dataoutputofthe CNY17
is fed directly to the receive data input (RXD)
of IC, for further processing.

The transmit data output, TXD, of the mi-
croprocessor is connected to two series-con-
nected gates, IC34 and IC3,, that, with the
aid of resistors Ry and Rs, provide the neces-
sary current drive.

The power supply is kept simple and uses
a Type 7805 voltage regulator, IC. Diode D7
serves to prevent damage should the polar-
ity of thesupply voltagebereversed. Thesup-
ply is best derived from a mains adapter
with an output voltage of 9-15 V. Since the
current drain is small, cooling of the regula-
tor is not necessary.

With the exception of the keyboard, all com-
ponents are housed on the printed-circuit
board shownin Fig. 2. Since the design s fairly
simple and there is no alignment required,
nothing can go seriously wrong.

The programmed EPROM is available
through our Readers' services shown fur-
ther on in this magazine, but you may do
the programming yourself with the help of
the hexdump given in Table 3.

The MIDI input is via connector K3, while
the output is transmitted via K.

Connector K; may be a 13-way single-
row header, but many readers may find it more
convenient to make the connection between
the unit and the keyboard with a length of
13-way flat cable.

The keyboard may be any simple mem-
brane type, but it should not have a matrix.
Each key must be individiually connected
to the relevant pin of K; or, if this is not used,
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to the relevant pin of IC;. A sturdy keyboard
may be constructed from twelve miniature
push-button switches fitted on to a piece of
vero- or other prototyping board. In many
cases, the digit keys can be bought ready-
made; different colour keys can then be used
for the ‘ent’ and ‘clear’ keys. Table 2 shows
thelayoutof the keyboard and the correlation
between keys, function and pins.

Once the keyboard has been completed,
it may be mounted above the PCB with the
aid of suitable spacers, after which the unit
can be mounted in an appropriate enclosure.

Table 2
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Key ICy pin | Function | K;pin

0 1 P1.0 1
1 2 Pl.1 2
2 3 P1.2 3
3 4 P13 4
4 5 P14 5
5 6 P15 6
6 7 PL6 7
7 8 P17 8
8 12 INTO 9
9 13 INT1 10
Clear 14 TO 11
Enter 15 T1 12
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Taking the unit into use

* Switch on the supply.

* Depress each key in turn, whereupon the
LED should light briefly.

* Choose the wanted MIDI channel: the set-
ting of the relevant DIP switches is shown in
Table 1.

¢ If a different MIDI channel is to be se-
lected during operation, press down and
hold the ‘clear’ key.

® Press the ‘ent’ key, whereupon the LED
should begin to flash.

* Select the wanted channel with the aid of
the DIP switches and press the ‘ent’ key. W

Fig. 2. Printed-circuit board for the MIDI programme changer.

Resistors:

R, = 1x47 kQ
R, = Ix1k8
R3-Rg = 4x200Q2

Capacitors:
Cy=1x10uF 25V
C2,C3=2x22 pF
Cs=1x100uF, 25 V
Cs—Cg =4x100 nF

Semiconductors:
IC; = 1x8031

1C; = 1X74HCTS573
IC; = 1X74HCT00
IC4 = 1x2764
ICs= IXCNY17

ICq = 1X7805
D-Dy.Dg = 5xIN4148
Ds = IXLED (red)

D; = 1XIN4001

Miscellaneous:

K = 1x13-pin header

K,,K3 = 5-pin DIN connector, 180°

S = Ixquadruple DIP switch

X = Ixcrystal. 6 MHz

Ixkeyboard with 12 keys and common
earth or 12xmini push-button switches
Ixconnector for mains adapter

PCB 900138
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MIDI PROGRAMME CHANGER

00 01 02 03 04 05 06 07 08 09 OA OB 0C OD OE OF

0000 80 4E FF FF FF FF FF FF FF FF PF EF FF FF FF FF
0010 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0020 FF FF FF 10 98 05 c2 99 €2 01 32 CO DO CO EO E5
0030 99 B4 F8 OE 30 01 03 30 99 FA €2 99 D2 01 F5 99
0040 80 09 50 FO F6 18 B8 40 02 78 70 DO EO DO DO 32
0050 78 °70° 79 70 75 87 80 75 89 20 75 8D FF D2 8E 75
0060 98 50 C2 01 D2 AC D2 AF 75 81 28 C2 00 C2 02 C2
0070 03 75 7A 00 75 90 FF 75 BO FF C2 04 €2 ‘B6 C2 B?

0080 E5 90 F4 44 €O F5 7C D2 B7 7D 80 75 7F 00 75 7E
0090 00 75 7D 00 E8 B5 01 16 12 00 DA 30 03 F6 E5 7C
00AO 12 00 D2 E5 7A 12 00 D2 C2 03 D2 02 80 E6 E7 19
00BO B9 40 02 79 70 20 E7 12 30 02 09 FA 74 7B 12 00
00CO D2 C2 02 EA 12 00 D2 02 00 94 F5 7B 12 00 D2 02
00DO 00 94 20 01 FD F5 99 D2 01 22 30 04 03 02 01 EA
00EO 20 90 04 74 00 80 59 20 91 04 74 01 80 52 20 92
OO0FO 04 74 02 80 4B 20 93 04 74 03 80 44 20 94 04 74

0100 04 80 3D 20 95 04 74 05 80 36 20 96 04 74 06 80
0110 2F 20 97 04 74 07 80 28 20 B2 04 74 08 80 21 20
0120 B3 04 74 09 80 1A 20 B5 04 74 OB 80 13 20 B4 04
0130 74 OA 80 OC 30 00 08 DC 06 C2 00 7C FF 7B FF 22
0140 30 00 2A B4 OB 26 BB 0A 23 D2 04 7C FF 7B FF 7D
0150 80 75 7F 00 75 7E 00 75 7D 00 43 89 01 75 8C 00
0160 75 8A 00 D2 8¢ 785 "79-03 D2 B6 D2 00 22 B5 03 09
0170 DC 1B C2 B6 B4 0B 17 80 3D B4 0A 02 80 OA B4 OB

0180 02 80 05 BD 7D 02 80 05 D2.B6 7C EF FB 22 B4 0A
0190 OE 7D 80 75 7F 00 75 7E 00 75 7D 00 D2 00 22 D2
01A0 00 1D BD 7F 04 F5 7F 80 0C BD 7E 04 F5 7E 80 05
01BO BD 7D 02 F5 7D 22 C0 01 A9 05 B9 80 02 80 20 87
01CO 7A 09 B9 80 02 80 18 E7 75 FO OA A4 25 '7A FH TA
01DO 09 B9 80 02 80 09 E7 75 FO 64 A4 25 7A F5 7A D2
01EO 03 D2 00 79 80 AD 01 DO 01 22 30 8D 14 D5 79 05
01FO B2 B6 75 79 03 C2 8C C2 8D 75 8C 00 75 8A 00 D2

0200 8C 20 90 04 74 00 80 59 20 91 04 74 01 80 52 20
0210 92 04 74 02 80 4B 20 93 04 74 03 80 44 20 94 04
0220 74 04 80 3D 20 95 04 74 05 80 36 20 96 04 74 06
0230 80 2F 20 97 04 74 07 80 28 20 B2 04 74 08 80 21
0240 20 B3 04 74 09 80 1A 20 B5 04 74 OB 80 13 20 B4
0250 04 74 OA 80 0C 30 00 08 DC 06 C2 00 7€ FF 7B EF
0260 22 30 00 01 22 B5 03 07 DC 17 B4 0B 15 80 31 B4
0270 OA 02 80 0A B4 0B 02 80 05 BD 7D 02 80 03 7C FF

0280 FB 22 B4 0OA OB 7D 80 75 7F 00 75 7E 00 D2 00 22
0290 D2 00 1D BD 7F 04 F5 7F 80 05 BD 7E 02 F5 7E 22
02A0 CO 01 A9 05 B9 80 02 80 12 87 78 09 B9 80 02 80
02BO OA E7 75 FO OA A4 25 78 FS5 78 09 E5 78 44 CO F5
02CO0 7C D2 00 79 80 AD 01 DO 01 C2 8C C2 B6 C2 04 22
02D0 28 43 29 20 50 52 4F 47 52 41 4D 4D 2D 43 48 41
02EO 4E 47 45 52 20 56 32 2E 30 20 20 20 20 20 52 6F
02F0 6C 66 20 44 65 67 65 6E 20 32 33 2E 38 2E 39 30

0300 20 20 20 20 FF FF FF FF FF FF FF FF FF FPE FF EF¥

Table 3. Hexdump of the contents of the EPROM. A ready programmed EPROM is available through our Readers’ services.
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CORRECTIONS

Wattmeter

April 1991, p. 32-35

With reference the circuit diagram, Fig. 1, the
right-hand terminal of the lower section of
switch S2 should be connected to the circuit
ground. This point is indicated by a dot.

In the adjustment procedure given on page
35, the references to presets P4 and Ps have been
transposed. Contrary to what is stated, P4 sets
the vy offset, and Ps the vX offset. The functions
of the presets are shown correctly in the circuit
diagram, Fig. 1.

To improve the accuracy of the instrument,
connect Rs direct to the circuit ground instead of
junction R6-R7. Finally, all circuit board tracks
carrying mains current must be strengthened
with 2.5-mm’ cross-sectional area solid copper
wire if currents higher than about 5 A are
measured.

80C32/8052 Single-board
computer

May 1991, p. 17-23

When a CPU type 8031 or 8052AH-BASIC is
used, IC1, IC2, IC3, and ICs8-IC12 must be
74HCT types. Jumper B is erroneously reffered
to as Br2 in the text under "On-board EPROM
programmer”. Contrary to what is stated, this
jumper must be fitted only when an EPROM is
to be programmed — for all other use of the
SBC, it must be removed. Also note that jumper
B may only be fitted when the programming
LED is out.

Sequential control

July/August 1991, p. 61
Motor M should be a d.c. type, not an a.c. type
as shown in the circuit diagram.

Digital phase meter

June 1991, p. 32-39

In Fig. 5, the switch between input *A” and IC1
should be identified ‘S1°, and that between input
‘B’ and IC2 *S2’. Switch S4 is an on/off type, not
a push-button as shown in the diagram. Capaci-
tors C3 and Cé are shown with the wrong po-
larity. The component overlay of the relevant
printed-circuit board (Fig. 8) is all right.

Universal NiCd battery
charger

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

When difficult to obtain, the BYW29/100 (Ds)
may be replaced by the BY229, which is rated
at6 A.

The text under the heading *Calibration’

should be replaced by:

4. Connect a multimeter between points G
and H on the board, and adjust P4 until the
measured voltage is 1 V lower than the voltage
on the battery terminals.

MIDI program changer

April 1991, p. 14-17
The contents of the EPROM should be modified
as follows:

address data
OOBC E5
00C7 80
00C8 CB
00C9 F5
00CA 7B
00CB 12
00CC 00
00CD D2
00CE 2
00CF 02
00D0 80
00D1 c2

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

Electronic exposure timer

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

Augmented A-matrices

May 1991, p. 42-43
The drawing below was erroneously omitted in
the left-hand bottom corner of page 43.
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PREAMPLIFIER FOR MOVING-COIL PICK-UP

by T. Giffard

Although the analogue record player (as it is now often called)
was written off by many some years ago, well-known
manufacturers like Thorens, Dual and Linn continue to design
and produce new models. And no wonder, because long-playing
records are still widely available, in spite of the forecasts in the
mid-eighties by experts that this type of record would not be seen
in the nineties except in museums and personal collections. As
long as these record players remain available, there will be a need

of special preamplifiers. The one described here has been
designed specifically for the processing of signals from
high-quality moving-coil pick-up cartridges.

HE case for a new preamplifier for mov-
ing-coil pick-ups rests on two important

considerations. First, vinyllong-playing records
are still being produced (and, of course, there

are millions of people who have large col-
lections of them). Second, the reproduction

quality of analogue records is of the highest

order and, many hi-fi enthusiasts maintain,
far superior to that of the compact disk.

Design considerations

It is clear that those who have a need of a

preamplifier for a pick-up put quality at the

top of their list of requirements. In the de-
sign it is assumed that by far the greater ma-
jority of serious listeners use a moving-coil
pick-up since this now seems to have ousted
most other types.

Also, it was thought desirable for the

preamplifier nottobe dependenton the RIAA
correction network in the main amplifier.
For those readers whoare not conversant with
this, a short explanation. A pick-up cartridge
is a velocity-to-voltage converter. During
the recording, the response of the cutting
stylus is constant velocity, which means that
its velocity is the same for all frequencies. In
the absence of any correction, the amplitude
would therefore increase as the frequency

o lam) ™

Fig. 2. RIAA recording and playback character-
istics. The bold line is the theoretical recording
curve.

Fig. 1. General view of the stereo preamplifier and its power supply.

drops, at the rate of 6 dB/octave: that would
make it about 16 times greater at 30 Hz than
at 15 kHz. Large low-frequency stylus ex-
cursions are avoided by attenuating base
frequencies below 500 Hzata rate of 6dB/ oc-
tave and boosting treble frequencies above
2120 Hz at a rate of 6 dB/octave to improve
the signal-to-noise ratio. The contours roll
off either side of a short flat region centred
on 1kHz, to formthe RIAA (Record Industries
Association of America) recording charac-
teristic. The preamplifier needs a correction
network to convert the recording character-
istic back to a straight line. Both characteris-
tics are given in Fig. 2.

The filters required to obtain the desired
playback characteristic are prominent in the
block diagram of the preamplifier in Fig. 3.
Note that since passive filters would give

rise to amplifier overdrive and higher noise
and hum levels, active ones are used, except
for that providing a high-pass response below
20 Hz. That filter serves to counter the effect
of the IEC standard that requires the record-
ing signal below 20 Hz to be amplified at
6dB/octavesoastoeliminateany adverse ef-
fects of rumble filters in playback systems.

As usual in this type of preamplifier, it
needsa large voltageamplification factor, cou-
pled with a very low hum and noise level.
These requirements can not be met by inex-
pensive components.

Some readers may wonder why the block
diagram is more complex than one might
expect. Indeed, if the preamplifier was in-
tended for frequency correction only, its de-
sign would probably consist of a single opamp
with a suitable correction network in its feed-
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back loop. However, since signals of only
250 pV (average output level of a moving-
coil cartridge) have to be raised to line level,
a voltage amplification factor of about 800 is

PREAMPLIFIER FOR MOVING-COIL PICK-UP

required. That means at least one more am-
plifier and then it becomes logical to split
the correction network over the two stages.
The input stage serves primarily to keep the
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Fig. 4. Circuit diagram of (one channel of) the stereo preamplifier for a moving-coil pick-up.
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noise and hum level as low as feasible.

Note, by the way, that the filter curves in
Fig. 3 are the mirror images of the playback
characteristic in Fig. 2, since the correcting
networks are located in the feedback loop of
the amplifiers.

Circuit description

The diagram in Fig. 4 shows only one chan-
nel of the stereo amplifier circuit.

The input stage is formed by differential
amplifier T}, which is a very-low-noise dou-
ble opamp Type MATO03. At very low signal
levels, this p-n-p type gives an even better
noise performance than its n-p-n counterpart,
the MATO02. The use of this excellent opamp
also means thatIC; and IC; need not be super
high-quality types. This stage will be discussed
in more detail later on.

The first amplifier is formed by Ty and
IC,. The feedback network, located between
the output of IC; and the emitters of T1,-Tiy,
contains the first part of the RIAA correc-
tion filter. For that reason, Co-C7 and R3-Rg
must be high-stability types. More about that
later on.

The passive 20 Hz high-pass filteris formed
by Ry7-Cy. With values as specified, its cut-
off frequency is exactly 20.037 Hz.

The second amplifier is formed by IC;,
the feedback network of which, Ris—Cy, gives
a cut-off frequency of 2120 Hz. With values
of these components as specified, the theor-
etical deviation from this frequency is only
0.05%. The printed-circuit board allows for
Cyp to consist of two MKT type capacitors
should the specified 1% polystyrene type
prove difficult to obtain.

Thelastitem in the preamplifier, Ryg, looks
insignificant, but is not, since it prevents any
tendency to instability when the load is ca-
pacitive. This would be the case if the cable
between preamplifier and main equipment
were very long.

The symmetrical £15 Vpower supply is
fairly straightforward. Additional ceramic ca-
pacitors across the electrolytic types and the
rectifier diodes improve the HF performance.

The input stage

The most important part of the preamplifier
is the input stage. This provides a symmet-
rical inputand has been designed toallow the
pick-up cartridge to be direct-coupled. This
obviates the nasty large input capacitor found
in so many preamplifiers.

These facilities meant that the differen-
tial amplifier had to be designed very care-
fully. This is borne out by the additional fil-
ters in the supply lines, T4 and Ts and asso-
ciated components, to reduce the hum and
noise on these lines to an absolute minimum.

A stable d.c. operating point for T, is en-
sured by current source T,. This source de-
rives its reference voltage from Dy, the cur-
rent through which is kept constant by a sec-
ond current source, T3.

The symmetrical input meant that the
feedback loop of the input stage had to be
symmetrical. Toensure good common-mode



ﬁ AUDIO & HI-FI

Eong log
v c32
olle 2llo

Suio®

220200,

Fig. 5. Printed-circuit board for the stereo amplifier. Note that this consists of three sections, which may be separated before construction begins. Two
of the sections are for the (left-hand and right-hand channel) preamplifiers and the third is for the common power supply.

Resistors:

R1. Rg =56Q2; 0.1%
Rs, R4 = 3k0; 1% (to be matched)
Rs, Rg = 332Q0; 0.1%
Ry, Rog = 6Q04; 1%
Rg—nu =1k54;0.1%
Rz = 1k24; 1%

R13. R“ =22Q1,1%
Rys =249 Q; 1%
Ry = 1k2

Ry7 = 1k69; 1%

R13 =14k7; 1%

PARTS LIST (Amplifier — one channel)

Rig=22Q

Rzp, B2 = 5k6
Rop =12k

Py = 100 Q preset

Capacitors:

C4 = 270 pF; polystyrene

Cyp, Ca, Cs, Cg = 470 nF; MKT or MKP
C4. C7 = 15 nF; 1%; polystyrene

Cg = 1n5; 1%; polystyrene

Cy0 = 5n1; 1%; polystyrene

Cyy = 100 uF; 10 V; radial

Cy2, C1s, C1g = 47 nF; ceramic
Cyg, Cy5 =22 uF; 25 V; tantalum
Ci7, C1g = 47 uF; 25 V; tantalum
Cyg, Coo = 100 nF

Semiconductors:
Dy = LED; red

Ty = MATO3

T,, Ts = BC560C
T3 = BF256A

T4 = BC550C

IC4, IC5 = OP27
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PREAMPLIFIER FOR MOVING-COIL PICK-UP

suppression, networks R3-R5.C>-C3-C4 and
R4-R¢-C5-C4-Cymust be identical. This means
that the capacitors must be selected to within
1%. The theoretical value of each of the par-
allel threesomes is 955.3 nF.

To ensure that the circuit operates sym-
metrically, it is essential the output is set to
exactly 0 V. The d.c. operating point is deter-
mined by Ry3-R4-P;. If, after a short warm-
ing-up period,P; is set correctly and compo-
nents of the specified value, stability and
tolerance have been used, the d.c. offset at
the output will be zero. This is so, because
the emitter potentials of Ty, and Ty, will be
identical. Since these transistors are matched,
the currents through their base junction, and
thus the voltage drop across R; and Ry, will
be identical. There is then no potential dif-
ference across the input terminals, so that
no direct current can flow through the pick-
up cartridge connected to the terminals.

Construction

The printed-circuit board—see Fig. 5—con-
sists of three sections, which may be separated
from oneanother before construction is begun.
Two of the sections are for the two ampli-
fiers (left-hand channel and right-hand chan-
nel) and the third is for the symmetrical power
supply. If you do not separate the sections,
note that the power lines on the three sec-
tions are not inter-connected.

The amplifier boards allow Cy to consist
of two capacitors and also the use of either
polyester (MKT) or polypropylene (MKP)
types in the Cy, C3, G5, C¢, and Cg positions.
The MKP types (which are slightly larger)
are for those who want the very best.

The mechanical rounding off and build-
ing in of the amplifier are left to the con-
structor's taste and specific requirements. If
the record player has the space, it is worth-
while considering building the amplifier and
power supply in that space. Another solu-
tion is, of course, a stand-alone enclosure. In
either case, use a separate mains adapter to
power the supply: this will prevent annoy-
ing mains hum in the amplifier.

With some record players the symmetri-
Fig. 7. Finished power supply board. cal input may give a problem. If their pick-
up cartridge is provided with an asymmet-
rical output, the signal return and earth con-
nections are usually linked. In the present

SOME TECHNICAL DATA preamplifier, however, these must be sepa-

rate. Normally, this problem is easily over-

Capacitors: Input sensitivity 250 uV come, because in the cable running through
C21, C24, C2, C28, C3p. C32 = 47 nF; A the pick-up arm the signal return and earth
ceramic Input impedance 100Q connections are always separate.
Css, Cog = 470 pF; 40 V; radial Output level 200 mV Itis advisable to provide the record player
Ca7, Cay = 47 uF; 25 V; radial S e y with separate two-core screened audio cables
\ . T'erm ng. S s for the left-hand and right-hand channels.
Semiconductors: Signal-to-noise ratio 75 dB Each of the preamplifier channel outputs
Dy-Ds = 1N4001 (A-weighted) can then be taken via two phono sockets, of
IC3 = 7815 which the central pins are used for the “+”
IC4= 7915 Accuracy of RIAA curve  £0.1 dB and “-” signal paths. The outer case of the
Distortion <0.006% four sockets can then serve as a common
:Is;elm: can Supply voltage +5V le: l:rr ;lrl(?tto(:‘rv;atngement worked very well
N1, \ =3'W'3 lCBfom' . J =
PéB %’y& 910016y Current drain Abt 24 mA The output of the preamplifier is asym-
metrical, soone phonesocket per channel will
suffice. =
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Fig. 5. Printed-circuit board for the stereo amplifier. Note that this consists of three sections, which may be separated before construction begins. Two
of the sections are for the (left-hand and right-hand channel) preamplifiers and the third is for the common power supply.

PARTS LIST (Amplifier — one channel)

Resistors:

R1, Rz = 5692; 0.1%
Rs, R4 = 3k0; 1% (to be matched)
Rs, Re = 33290; 0.1%
R7, Rzg = 6904; 1%
Rg—Rn = 1k54; 0.1%
R12 =1k24; 1%

R13, R14 =22Q1; 1%
Rys = 249 Q; 1%

Rig = 1k2

R17 = 1k69; 1%

H18 = 14k7; 1%

Rig=22Q

Rzg, Roq = 5k6
R22 =12k

Py =100 Q preset

Capacitors:

C4 = 270 pF; polystyrene

Co, C3, Cs, Cg = 470 nF; MKT or MKP
C4, C7 = 15 nF; 1%, polystyrene

Cg = 1n5; 1%; polystyrene

Ci0 = 5n1; 1%; polystyrene

C11 = 100 puF; 10 V; radial

Ci2, Cy4, C1g = 47 nF; ceramic
Cia, C15 = 22 pF; 25 V; tantalum
C17, Cig = 47 uF; 25 V; tantalum
C1g, C20 =100 nF

Semiconductors:
Dy = LED;red

T, = MAT03

T,, Ts = BC560C
T3 = BF256A

T4 = BC550C

IC4, IC, = OP27
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LOGIC ANALYSER - PART 3

by K. Nischalke and H.J. Schulz&Z~

The control board

LTHOUGH the operating instructions
for the logic analyser come from the

computer, the commands are processed en-
tirely by the control board. How the analy-
ser is controlled has already been discussed
in Part 1 with reference to Fig. 2. What has
not yet been discussed is how the controller
isdriven by the computerand this will bedone
now with reference to Fig. 12.

Communication between computer and
control board is via an interface that serves
not only as a staging post for the data but
also as a detector of differences between
Atari and IBM or compatible computers.

The data from the computer are stored in
the four eight-bit registers on the control
board. Registers 1 and 4 are used exclusively
to provide data to the two trigger-counters,
while registers 2 and 3 provide data to the
window-counter and the logic circuits. Note,
however, that when the window-counter is
active in the 100 MHz mode, the logic func-
tions controlled by register 2 are not active
and vice versa.

Control logic

Although the control logic circuit consists of
only one GAL (gate array logic) IC, it is in-
volved inall operations of the logicboard. The
use of a GAL circuit reduces the parasitic ca-
pacitances, which is particularly important
when the clock frequency is 100 MHz. It is,
of course, true that the 100 MHz signal does
not pass through the GAL circuit, but theedges
of the signals processed and output by that
circuit must remain in step with the clock.

Another advantage of a GAL circuit is
that it may be reprogrammed electrically:
ultraviolet erasing is not required.

The GAL, clock-select and post-trigger-
counter circuits are shown diagrammatically
inFig. 13. Internally, the GAL resemblesa PAL
(programmable array logic). It has a similar
matrix on to which the desired functions are
programmed. Inaddition, however, the func-
tion of each "output” (OLMC = output logic
macro cell) may be programmed as an input,
output or register output, either inverting or
non-inverting or three-state. In the control
board most OLMCsare used as inputand only
four as output.

The internal 1 MHz clock is connected to
pin 1. The reason that the other two internal
clocks, 25 MHz and 100 MHz, are not con-
nected to the GAL is that this has notenough
inputs and outputs. By passing these signals
first through a clock-select circuit (IC55), a
larger (and more expensive) GALisnotneeded.

If three internal clocks are not sufficient,
an external clock may be connected to pin 2.

The two qualifier inputs are connected to

pins 3 and 4. These inputs form a kind of ex-
ternal stop/startline, which enable theanaly-
ser to accept data only when the level at them
corresponds to the set logic level (high, low
ordon'tcare). This makes it possible to restrict
the read data to those that are of interest to
the user.

Thesignalsat pins2,3and 4 can be switched
on and off by means of the enable inputs at
pins 5, 6 and 7. This is not sufficient, how-
ever, because it is also necessary to indicate
whether these input signals are active high
or low. That is made possible by the polarity
inputs at pins 8, 9 and 11. The enable and
polarity inputs are controlled directly by the
computer, that is, via the registers on the
control board and the computer interface.

There is one more input that is under di-
rect control of the computer: the single-step
input. Via this input, the computer controls
the reading of data from the RAM cards.
Since the computer software determines the
reading rate via this input, there are no prob-
lems with the timing (that is, the speed of
the computer is irrelevant).

The remaining three inputs and four out-
puts are associated directly with the opera-
tion of the analyser.

Trigger-counter 1 indicates via pin 16 that
triggering has taken place. The GAL circuit
then starts passing clock pulses to the post-

trigger counter via pin 12. The counter sig-
nals to the GAL circuit when the the second
half of the RAMs is full. When that happens,
the outputs of IC55 are made low and the
clock-pulse-, theread / write-control-, and the
data-clock-outputsaredisabled via theready-
input (pin 15).

The function of the data clock becomes
clearer when the various states of the clock-
select circuit, IC55, are considered. The circuit
has four sequential states: off (as shown in
Fig. 13); 100 MHz mode; 25 MHz mode; and
the 1 MHz/external clock mode. The state is
determined by two lines (modeand 100/25 MHz)
thatare controlled by the computer. When the
clock-select circuit is off, the computer reads
the RAM-ICs byte by byte. The single-step
signal enables the GAL circuit to pass ap-
propriate pulses to the the data-clock out-
putthatclocks theaddress counter of the RAM-
ICs and to hold the R/WCTRL line high (the
RAM-ICs are read).

When the clock-select circuit is in the 100 MHz
state, the 100 MHz signal is passed directly
totheshift registers onthe RAM card. Writing
data into the memory and the counting of
the post-trigger counter take placeat 25 MHz,
however. The lower half of the IC55 there-
fore sends a signal at that frequency to the
clock input (pin 13) of the GAL-IC. That cir-
cuit thereupon produces appropriate sig-

W w1 I R e
register 2
%
Z
/ window
counter
register 3
computer
interface
trigger
register 4 counter 2
register clock control clock
address circuit logic selec!
decoder
post
address
rigger counter
counter
900094 - 111 - 12

Fig. 12. Block diagram showing the con nections between the control card and the computer.

ELEKTOR ELECTRONICS APRIL 1991



LOGIC ANALYSER PART 3

- . —g?
inty | clock
nternal ¢ l\—I> [ clock select
—
INTCLK (1MHz) - Jox read/write
E ( » control IC55
—— 19
i H R/W CTRL
external clock | K shift
2 5 1 = <|~ =t clock
D EXTCLKl q i data oz I o—o —
_— ,13>-> —O !
— H
— b
i) »——] \ H
ifier 1 H
Dm‘_"q;}g 1 yas e A_ﬂ- 25MHz i
QALY : Hp 7 olook ot 41 i
ssae= :]; 17 0
e oLme \ }.*
2 ===k N | A i
alifier 11
Dwmu - : sraman . Tl Lot
s - $’T_'€°>‘mT HIR:
external clock sasmun: (e E
enable >_t brtrtd bbotrers ——
> a I 180 =
ECLKEN 5 1 T 1 t Tun n—
: jsasmint: Toaty
HSSINSS $—T—Q‘s
H _ e : oLme RDY
qualifier 1 anan 1 9
enable 1 | | —
Q1EN 8’-—'71 ]""{Em 1 —
o B jessmestany [“ single step
] OLMC SNGLSTP
qualifier 2 ] 10
enable
+44 4l 1ssmen: - <'_
Q2EN ;7 [l r._z’# - v
siEnimimimat 0ok
amsssmsssminsmens mn o — owme CLK
external clock FE e —— (9)
8 1 T =
ECLKPOL )_4>L I ! 1! 4— " clock pulse post
pe———— pul
: R $ ——(up-# > trigger
qualifier 1 . e ._j counter
i 9>—t‘ : sortorroanoiint —=H
Q1POL > By
O
qualifier 2
(u polarity
Q2POL
X Ic53
900094 -1 - 13

Fig. 13. The programmed gate array logic —GAL—IC plays an important role on the control board.

nals for the post-trigger counter (clock pulse);
the address counter of the memory (data
clock); and the RAM-ICs (read / write control).
When the clock-select circuitis in the25 MHz
state, a 25 MHz signal is again applied to the
clock input of the GAL-IC. Since the shift
registers are then used in the parallel-load
mode, they can be clocked at that frequency,
and are therefore connected to the data clock
of the GAL-IC. A similar arrangement exists
for the 1 MHz internal clock and the exter-
nal clock, which are connected to the the
slock-select circuit via the clock output (pin
17), depending on the signal at the external
clock enableinput (pin5). Whatever clock sig-
nal hasbeen selected, itis fed to the clock input
(pin 13) via the clock-select circuit so that
the GAL circuit can ensure that the signals
at pins 12, 18 and 19 remain in step with it.

Circuit description

The clock generator is formed by T2 and T3-
see Fig. 14. The output of the generator is
buffered by T3, after which it is converted to
TTL level and buffered again by R25, C39,
IC50a-d and D1. The 100 MHz signal at the
output of IC50 is processed in IC55 (clock
select) and two frequency dividers, IC51 and

ELEKTOR ELECTRONICS APRIL 1991

IC52. Thesedividers provide clocksof 1 MHz,
25 MHz and 50 MHz. The 50 MHz signal is
used only for clocking trigger counters IC36-
IC37 and IC44-I1C45. The period that can be
counted by these circuits may be set from
between 20 ns and 5.1 ps in 20 ns steps.

The window-counter, IC40-1C42, which
isused only inthe 100 MHz mode, is provided
witha25MHzclock via IC55. Thatcircuitalso
provides a clock to the RAM cards (of which
there may be up to four). Each RAM card
gets its own clock, which is first buffered by
the gates in IC57, via a short length of coax-
ial cable. Note that the 100 MHz indications
at the connections is for guidance only: the
real frequency there is the set clock.

The resistors between the gates and the
outputs suppress any reflections in the lines.

The three external inputs of the control
board are taken to external circuits via con-
nector K19, whose layout is identical to that
of the input connectors on the RAM cards.
This arrangement makes it possible to use
the probes for the cards also to connect ex-
ternal inputs to the control board. As with
the RAM cards, these probes obviate prob-
lems caused by parasitic capacitances and
reflections.

To drive the control board, the computer

has available lines card select (CRDSL), write
(WR), register address (RA0, RA1); data (DO-
-D7) and, in the case of the Atari, single step
(SNGL step). If the computer is not an Atari,
that line is driven indirectly via a register
and the data lines.

Via the card select, write and the register
address lines, the computer indicates whether
the data are destined for the control board
and, if so, for which register (IC34, IC38,
IC39, IC43). These lines are taken to address
decoder IC35, which converts the computer
signals into control signals for the registers.
The data written into IC34 and 1C43 are fed
direct to trigger counters [C36-1C37 and 1C44-
IC45 respectively.

The outputs of IC38 and IC39 are split be-
tween IC53 and window counter 1C40-1C42.
Tothatend, outputs Q0-Q5 of IC38 haveadou-
ble function: they drive either IC53 or the
window counter. This is possible, because
the counterisactivein the 100 MHz mode only,
when it is not possible to operate with an ex-
ternal clock and qualifiers. Theassociated drive
inputs of IC53 are then disabled and they
may therefore be used for the window counter.
In all other modes, the situation is reversed:
the window counter is inactive and the lines
are used to control IC53.
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Fig. 14. Circuit diagram of the control board.
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Fig. 15. The printed circuit board for the control circuits is double-sided and through-plated.

Measurement cycle

Before a measurement can be made, the con-
trol card must be set toa certain mode: 100 MHz,
25 MHz, 1 MHz, or external clock, of which
the last three are identical but for the clock fre-
quency. Therefore, if reference is made in
the following to the 25 MHz mode, the1 MHz
mode and the external-clock mode are in-
cluded. For instance in the line indication
"100MHz/25MHZz" (Q5 of IC39), the"25 MHZz"
really means "not 100 MHz".

Apart from line 100 MHz> /25 MHz, the
line mode (Q4 of IC39) co-determines which
clock frequency is selected. Once the mode
has been selected, the controller is put on
standby by a reset (Q7 of IC39). After the
reset, the control card sends clock pulses to
the shift registers at the inputs of the RAM
cards and write pulses (via R/W-CNTRL) to
the RAM ICs. After each write pulse, the ad-
dress counter, [C46--1C48, is_increased by
one so that data read to the RAM cards at

the subsequent clock pulse are stored in the
next memory location.

This cycle of writing and storing data
goes on continuously. When all memory lo-
cations have been filled, the oldest data are
replaced by new data. This continues until the
word recognizers on the RAM cards recog-
nize the trigger conditions. In the 100 MHz
mode, there are two trigger lines, TRIG and
ARM, each of which has its own function. In
the other modes, these two lines are inter-
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linked via T1 (possible because they aredriven
from open-collector outputs).

When a non-100 MHz mode is selected,
the load inputs of trigger counter IC36-1C37
go high, whereupon the counter begins count-
ing from the position written in register IC34.
If the trigger signal is of sufficient duration,
the counter counts to the maximum posi-
tion, whereupon bistable (flip-flop) IC56b-
IC56c s set. If, however, the trigger signal goes
low before the maximum position is reached,
the counter is loaded again with the value in
the register and the trigger pulse is not ac-
cepted as valid.

Assuming that the bistable is set, IC53 re-
ceives the signal "trigger acceptable”. The writ-
ing of data then continues undiminished and
IC53 alsostarts the post-trigger counter, [C54.
This circuit ensures that the writing stops when
the number of data samples written into the
memory after the trigger pulse is exactly half
theavailable memory locations. The memory
then contains a block of data that indicates
what happened before the trigger pulse and
another block that indicates what happened
after the trigger pulse.

The operation stops when output Q10 of
IC54 goes high, whereupon IC53 gets the
signal ready", IC55is switched off (its outputs
go low) and the computer interface gets a
ready signal via the IRQline. The control board
is then completely under the control of the
computer, which first reads all the data in
the RAM cards. This is done via the single-
step line, which is provided by a signal in a
slightly different way if an Atari is used than
if an IBM or compatible is used. For each
pulse on this line, the address counter is in-
creased by one. Since this counter stopped
at the last addressed sample with the newest
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data, the next address is that of the sample
with the oldest data. From there, all 2048 mem-
ory locations can be read byte by byte from
the RAM ICs. Once all data have been read
and processed, the analyser may be started
again with a reset.

Basically, operation of the controller in
the 100 MHz mode is little different from
that in the other modes; only the triggering
isslightly more complex. The TRIGand ARM
lines are separated and have their own func-
tion. A sort of warning signal is given via
the ARM line, whereupon the trigger circuit
is put on standby for a short time. The real
trigger signal, TRIG, must arrive within that
time to ensure that the triggering is accepted.
The triggering process thus starts with the sig-
nal ARM. When this goes high, trigger counter
2, IC44-1C45, starts counting. If this counter
can count to the maximum position (like
counter 1), the ARM triggering is accepted
and the window counter starts. This counter
checks the time during which a valid trig-
gering signal must be given via the TRIG
lineand trigger counter 1. If that does not hap-
pen, bistable IC49a is reset, whereupon trig-
ger counter 1 is disabled, and the window
counterisresetin anticipation ofanew ARM
trigger. However, as long as the window
counter counts, triggering is possible. If the
TRIG pulse is long enough, the start bistable
(flip-flop), IC56b-IC56¢) is set and the analy-
ser can start sampling again.

Finally

The printed-circuit board for the controller
is shown in Fig. 15. Populating it is straight-
forward, although it is even more important
than with other projects that the work is car-

ried out very carefully, interspersed with
frequent checks. Itis better to check too often
than once too seldom, because faultfinding
at a later stage is not easy.

Note that IC50 is better not mounted in a
socket, since that will result in additional
parasitic capacitances in the oscillator cir-
cuit. In the prototype, all other ICs are fitted
in a socket: this has not resulted in any no-
ticeable deterioration. One of the prime ben-
efits of sockets is that it reduces the likeli-
hood of damage to the ICs, some of which
are not cheap.

The inductors are best wound around a
3mm drill bit from enamelled copper wire
as specified in the parts list.

It is advisable to screen the oscillator cir-
cuit, not so much to improve its operation as
to prevent its radiating outside the analyser.
It is also advisable, again in view of radia-
tion outwards, to fit the entire analyser in a
metal enclosure.

Forthcoming instalments of this article will
deal with the power supply, an interface for
IBM or compatible, an interface for the Atari
ST, an overview of the various interconnec-
tions and building the analyser into an ap-
propriate enclosure and software. It is the
intention to make the software available to-
gether with a programmed GAL IC. u
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Fig. 15. The printed circuit board for the control circuits is double-sided and through-plated.

Measurement cycle

Before a measurement can be made, the con-
trol card mustbe set to a certain mode: 100 MHz,
25 MHz, 1 MHz, or external clock, of which
thelast threeare identical but for the clock fre-
quency. Therefore, if reference is made in
the following to the 25 MHz mode, the 1 MHz
mode and the external-clock mode are in-
cluded. For instance in the line indication
"100MHz/25MHz" (Q5 of IC39), the "25 MHz"
really means "not 100 MHz".

Apart from line 100 MHz> /25 MHz, the
line mode (Q4 of IC39) co-determines which
clock frequency is selected. Once the mode
has been selected, the controller is put on
standby by a reset (Q7 of IC39). After the
reset, the control card sends clock pulses to
the shift registers at the inputs of the RAM
cards and write pulses (via R/W-CNTRL) to
the RAM ICs. After each write pulse, the ad-
dress counter, IC46--1C48, is increased by
one so that data read to the RAM cards at

the subsequent clock pulse are stored in the
next memory location.

This cycle of writing and storing data
goes on continuously. When all memory lo-
cations have been filled, the oldest data are
replaced by new data. This continues until the
word recognizers on the RAM cards recog-
nize the trigger conditions. In the 100 MHz
mode, there are two trigger lines, TRIG and
ARM, each of which has its own function. In
the other modes, these two lines are inter-
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8-BIT I/O INTERFACE FOR ATARI ST

The Atari ST series computers have their strong and weak points.
For instance, these machines have a powerful graphics interface,
but lack a parallel I/O port. The latter deficiency is a spot of bother
when it comes to connecting certain non-Atari peripherals and, of
course, home-made extensions. The circuit presented here solves
this problem elegantly by means of ... music! A handful of standard,
inexpensive components and a small control program written in
BASIC, C or assembler language turn the MIDI channel of the Atari
ST into an 8-bit I/O port that achieves a maximum data rate of
1 kBit/s. No modifications are required in the computer.

N principle, the MIDI (Musical Instru-

ment Digital Interface) on a computer
works just like any other serial communica-
tion port. Each databyte is transmitted on a
bit-by-bit basis via a serial connection. Ac-
cording to the MIDI standard, a logic high bit
corresponds to no current through the serial
link, while a logic low bit corresponds to a
current of about 5 mA. In the receiver, this
current is passed through an opto-coupler
that ensures electrical insulation between the
transmitter and the receiver. This insulation
allows MIDI equipment with different sup-
ply voltages and ground potentials to be in-
terconnected without problems.

The serial data format used on a MIDI
port equals that specified in the RS-232C
protocol. Each transmission starts with a
start bit, which is always a 0. Then follow the
eight databits, headed by the LSB (least sig-
nificant bit). The transmission is terminated
with a stop bit, which is always a 1. When the
dataline is not in use, it carries no current, so
that a logic high level is produced in the re-
ceiver.

The data rate on a MIDI channel is stand-
ardized at 31,250 bits per second
(31.25 kBaud). Although the conversion of
serial data into parallel form is fairly simple

M. Breueﬂ*

to realize with a UART (Universal Asyn-
chronous Receiver/Transmitter), the pres-
entinterface uses a less expensive alternative
to accomplish this function. The circuit we
have in mind is based on a couple of stand-
ard CMOS ICs that perform the parallel-to-
series and series-to-parallel conversions at
reasonable speed.

Circuit description

The circuit diagram of the interface is given
in Fig. 1. The heart of the circuit is formed by
ICo, a Type 4060 14-bit counter with an on-
board oscillator. The clock signal divided by
128 is present at pin 6 of the 4060. From
there, the signal is fed to three shift registers
IC3, IC4 and ICs, and a decimal counter, 1C7.
Since the oscillator on board the 4060 oper-
ates with a 4-MHz quartz crystal, the shift
registers and the counter are clocked at
31,250 Hz, which equals the bit rate on the
MIDI channel.

A 5-way DIN socket, K1, is connected to
the MIDI output of the computer via a cable.
The serial data arrive at the interface via op-
tocoupler IC1. After being cleaned and
shaped by two logic gates, [C2a and IC2b, the
data arrives at the D (data-) input of IC3. The

falling edge of the start bit is used to generate
a needle pulse that serves to reset ICé and
IC7. This pulse is supplied by diode D2, gate
IC2c and capacitor C2. The reset pulse en-
sures that all counters are in a predefined
state at the start of a data transmission. Out-
put Q9 of IC7 is low after a reset pulse, and
blocks any further reset pulses with the aid
of diode D3. Output Q9 does not go high
until after the tenth clock pulse, when the
start bit of a new dataword causes the next
reset. The rising edge of the pulse at Q9 char-
ges C1 and causes a strobe pulse at the STR
input of IC3. As a result, the received data is
fed to the parallel data outputs of this IC. To
protect the IC inputs, diodes D4 and D5 limit
the negative pulses supplied by the differen-
tiators to a voltage of —0.6 V. The digital data
at outputs Q0 to Q7 of IC3 are applied direct
to the user interface connector, K.

The timing diagram in Fig. 2 illustrates
the operation of the circuit by showing the
time relation between the most important
signals. The measuring points are found
back as letter codes in the circuit diagram.

When the first databit appears on the ser-
ial channel, decade counter IC7 supplies a
high level at output Q1. This results in the
signals at inputs 10 to I7 of K3 being read into
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Fig. 1.
standard CMOS ICs.

the parallel register of IC4. On the first falling
edge of the clock pulse, the P/S input of IC4
goes low again, and the IC starts to shift out
the bits that make up the parallel dataword.
The shift-out operation is timed by the clock
signal, and the serial bits appear at the QH

output of IC4. The serial data is accepted by
ICs atits ] and K inputs. Meanwhile, the low
level at the Q1 output of IC7 has been read at
the PO input of 1C5. This low level is placed
before the data, and thus serves as the start
bit.
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Fig. 2.
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Timing diagram to illustrate the operation of the circuit.

Circuit diagram of the MIDI-to-parallel interface for Atari STs. Basically a bidirectional data format converter, the circuit is built from

The serial output data that appears at the
QO output of IC5 are applied to buffer ICze.
This in turn drives 1C2f, which forms a cur-
rent source together with resistor R7. In this
way, we have created a standard MIDI out-
put.

Following the start bit, the eight databits
are shifted out and fed to the current source.
The LSB is transmitted first. Since the serial
input of IC4 is connected to the positive sup-
ply voltage, the eighth databit is followed by
a series of logic 1s. This is done to keep the
MIDI channel ‘off’, with no current flow
through the cable.

The MIDI data produced by the interface
is fed to the computer via a second 5-way
DIN connector, K2. As you will have ga-
thered from the circuit diagram, two cables
are required to connect the interface to the
Atari computer.

Control software

Although the interface can be used with any
computer sporting a MIDI connection, the
control software discussed below was de-
signed specifically for the Atari ST. Fortu-



COMPUTERS AND MICROPROCESSORS

nately, the BIOS ROM in this computer of-
fers a simple way of controlling its internal
MIDI. Since most compilers for the ST sup-
port the use of the available BIOS routines,
higher-language control software is relative-
ly simple to write.

The present interface is tested in three

steps. First, data is transmitted for the output
on the [/O bus. Next, the program performs
a number of status requests on the input reg-
ister of the ST’s MIDL. If reading back data
from the 1/O card is not successful after a
certain period, you are likely to have made
an error of some kind in the construction or

aJoooR2
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Fig. 3.

Double-sided through-plated printed-circuit board for the interface.

connection of the interface. The listing in
Fig. 5 shows the outline of a routine written
in C for the control of the I/O interface.

An example of the screen graphics
presented by a test and debugging program
for the I/O interface is shown in Fig. 4. The
window shows the status of each input and
output bit. In the ‘auto’ (automatic) mode, a
software counter increases the output value
on the I/O bus by one every four seconds. In
the ‘manual’ mode, the mouse may be used
to toggle the logic level of each individual
bit. When the I/O interface is not connected,
the text in the input boxes is grey instead of
black.

The programs on the diskette supplied
for this project should help you on the way
in developing a more extensive quasi-multi-
tasking control utility which runs in the
background. An interesting application is
realized by using the interrupt from timer A
in the 68901 to transmit a byte via the MIDI
every millisecond. Provided the MIDI buffer
in the ST is given its maximum size of
32 kByte, it is even possible to create relative-
ly long intervals (say, several tens of sec-
onds) between the updating of the buffer
content.

Users of computers other than the Atari
ST may use the structure of the program de-
scribed here as a starting point to write con-
trol routines geared to their machines.

Construction

No problems here, even for those with rela-
tively little experience in building electronic

COMPONENTS LIST
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8-BIT 1/0 INTERFACE FOR ATARI ST

circuits. The ready-made printed-circuit
board for this project is double-sided and
through-plated (see Fig. 3). The construction

MIDI<->parallel Interface I is a matter of fitting all the parts on to the

board. If you can not secure the specified 8-

it ws PROBMING G g 122 way singlg-in-line resistor network, R9, use

3 eight vertically mounted discrete resistors

instead. A short piece of wire connects the

a6 Q5 a3 n Qo top terminals of these resistors, and forms
the ‘common’ terminal, pin 1.

The 1/0 interface is best powered by a

17 n 14 12 n n ready-made mains adapter with an output

voltage of about 9 VDC. To prevent data er-

rors, the length of the cables between the

quit manual computer and the interface should not ex-
ceed 5 m. L]

copyright Matthias Breuer , Koin 10/89

910005 - 13

Fig. 4. Screendump of the test program.

bios(3, 3, outvalue);

i =10;

while (i > 0 && bios (1, 3) !=-1) {
2 =iy =13

}
if (X > 03
invalue = bios (2, 3);
} else {
printf("MIDI 8-bit I/O-interface not found\n");

} 910005 - 14

Fig. 5. Use this routine written in C to check the basic function of the interface.




COMPUTERS AND MICROPROCESSORS

nately, the BIOS ROM in this computer of-
fers a simple way of controlling its internal
MIDI. Since most compilers for the ST sup-
port the use of the available BIOS routines,
higher-language control software is relative-
ly simple to write.

The present interface is tested in three

steps. First, data is transmitted for the output
on the I/O bus. Next, the program performs
a number of status requests on the input reg-
ister of the ST’s MIDI. If reading back data
from the 1/0O card is not successful after a
certain period, you are likely to have made
an error of some kind in the construction or
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Fig. 3. Double-sided through-plated printed-circuit board for the interface.

connection of the interface. The listing in
Fig. 5 shows the outline of a routine written
in C for the control of the I/O interface.

An example of the screen graphics
presented by a test and debugging program
for the [/O interface is shown in Fig. 4. The
window shows the status of each input and
output bit. In the ‘auto’ (automatic) mode, a
software counter increases the output value
on the I/O bus by one every four seconds. In
the ‘manual’ mode, the mouse may be used
to toggle the logic level of each individual
bit. When the I/O interface is not connected,
the text in the input boxes is grey instead of
black.

The programs on the diskette supplied
for this project should help you on the way
in developing a more extensive quasi-multi-
tasking control utility which runs in the
background. An interesting application is
realized by using the interrupt from timer A
in the 68901 to transmit a byte via the MIDI
every millisecond. Provided the MIDI buffer
in the ST is given its maximum size of
32 kByte, it is even possible to create relative-
ly long intervals (say, several tens of sec-
onds) between the updating of the buffer
content.

Users of computers other than the Atari
ST may use the structure of the program de-
scribed here as a starting point to write con-
trol routines geared to their machines.

Construction

No problems here, even for those with rela-
tively little experience in building electronic

COMPONENTS LIST

Resistors:

3 220Q R1;R7;R8

1 4kQ7 R2

3 47kQ R3;R4;R5

1 10MQ R6

1 8x100kQ SIL R9
resistor array

Capacitors:

2 15pF C3;C4

2 100pF C1;C2

7 100nF C6-C12

1 100puF 25V C5

Semiconductors:

5 1N4148 D1-D5

1 4014 IC4

1 4017 IC7

1 4035 IC5

1 4060 IC6

1 4094 IC3

1 74HC04 IC2

1 7805 IC8

1 CNY17 IC1

Miscellaneous:

2 5-way PCB-mount DIN K1;K2
socket
20-way PCB box header K3
4 MHz quartz crystal X1

1 printed-circuit board 910005
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DIGITAL RESEARCH DOS 5.0 BRINGS BACK YOUR MEMORY

IGITAL Research has recently intro-

duced what can safely be called the
most memory-efficient operating system for
PCs. Apart from being a very powerful and
simple to use operating system, DR DOS 5.0
ends the hassle with TSRs and drivers eating
up large portions of the PC’s base 640 kByte
memory. If you, like this reviewer, use two
or three TSRs, and a less than usual system
configuration file, you may well have
450 kByte or less available after booting the
system. I certainly do not like to be told that
there is ‘insufficient memory’ to run, say,
Wordperfect 5.0 or Ventura 2.0 when my PC,
an AT 286, has a comfortable 4 MByte of ex-
tended memory.

Every new IBM DOS and MSDOS release
has seen an increase in used up base mem-
ory. True, the performance of these systems
has increased significantly, and from
MSDOS 4.0 on it is possible to select a ‘mini-
mum’ DOS configuration during the instal-
lation. Unfortunately, this minimum system
still eats up more than 100 KByte, and slows
the computer down considerably by swap-
ping large data blocks between the main
memory and the hard disk.

DRDOS 5.0, unlike any operating system
I have seen before (with or without fancy
‘memory managers’), runs almost entirely
outside of the valuable 640 KByte memory
area. By virtue of MemoryMAX™, DRDOS is

ELEKTOR ELECTRONICS APRIL 1991

capable of moving TSRs and drivers into
high memory, the 384 KByte area between
the top of the main memory (640 KByte) and
the start of upper memory (1024 KByte). In
my case, | was pleased to see that I had
595 KBytes of available memory after install-
ing DRDOS plus my network driver, a really
large display driver and all of my system
configuration stuff. I upgraded from
MSDOS 4.01, which left me a frustrating
420 KByte, just under the minimum required
to run my DTP package, Ventura 2.0.

The installation of DR DOS 5.0 is straight-
forward, although it must be said that to
fine-tune the performance you will need to
be familiar with quite a few internal specifi-
cations of the PC you are using. In particular,
the use of high memory and extended mem-
ory must be known in detail. Fortunately, the
default selections presented during the in-
stallation are in most cases perfectly accept-
able to achieve good results, even if you do
not understand the meaning of all available
options. A superb feature of DR DOS is that
it can be re-installed from hard disk.

J. Buiting

More information on DR DOS 5.0 from
Digital Research (UK) Ltd., Oxford House,
Oxford street, Newbury, Berkshire RG13
1JB. Telephone: (0635) 35304. Fax: (0635)
35834.
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WATTMETER

It is an unfortunate but
well-known fact that
measuring the active
power of a mains-powered
apparatus can be quite
tricky. While non-reactive
loads such as bulbs are
mostly plain sailing,
appliances that present
inductive or capacitive
loads force us to brush up
our knowledge of
waveform theory. Unless ...

\/7

L. Lemon

INCE inductive and capacitive loads

cause a phase shift between current and
voltage, their real active power can not be
measured by multiplying the applied volt-
age with the measured current. Such a meas-
urement yields reliable results only when the
phase shift angle is known and included in
the calculation of the active power. A similar
problem arises with non-sinusoidal wave-
forms. These are often supplied by dimmers,
whose output voltages seem to take almost
any shape except that of a pure sine-wave.
Although an oscilloscope could be used to
establish the active power of a load powered
by a dimmer, this type of measurement is
cumbersome and inaccurate.

A much simpler way of measuring a.c.
active power is to use a four-quadrant multi-
plier. This analogue calculation device is ca-
pable of measuring the current through a
load, and the instantaneous voltage across it,
simultaneously. Next, the two values are
multiplied, and the result is shown on a dis-
play. If this sounds like a complex set of
functions, we are fortunate to have these
multipliers available in the form of inte-
grated circuits. What's more, a four-quad-
rant multiplier is almost all we require for
the instrument we intend to build. Add a
power supply, a potential divider, two
opamps, a few presets, and you have your
wattmeter with a measuring capability of up
to 3.5 kW.

The circuit

The circuit diagram of the wattmeter is
simple and readily analysed. It consists of
two parts — the meter circuit proper, and the
display circuit.

The schematic in Fig. 1 is that of the

power-voltage (P-U) converter, while Fig. 2
shows the liquid crystal display (LCD) sec-
tion. In the top left-hand corner of Fig. 1 we
see a load resistor, RL, which is connected to
K2. This is where the mains-powered load,
for instance, a motor, a bulb, a TV set, etc., is
connected. Two parallel-connected shunt re-
sistors, Re and R7, pass the current drawn by
the load. The effective resistance and power
rating of the shunt are 0.05  and 10 W re-
spectively. The two resistors turn the current
flow into a proportional voltage, which is
amplified about 6 times by opamp IC3a be-
fore it is applied to the input of the four-
quadrant multiplier, 1C4. Switch S1 at the
input of the opamp forms a range selector.

A potential divider (p.d.) formed by R3-
R4 and R5 is connected in parallel with the
load. Resistor Rs feeds the output voltage of
this p.d. to the vx+ input of the multiplier,
IC4. Two series-connected resistors are used
in the upper branch of the p.d. to stay well
below the maximum voltage that may be ap-
plied to a 0.125 W resistor. Since this voltage
is usually specified at about 200 V, it is safer
to use two identical resistors in series con-
sidering that the mains voltage may rise to
250 V. With two identical resistors in series,
the voltage across each of them is unlikely to
exceed the maximum permissible value.

Diodes D1 to D4 protect the opamp and
multiplier inputs by diverting positive and
negative voltage surges to the supply lines.

The basic operation of the analogue
multiplier, a Type MC1495L from Motorola,
is apparent from the internal structure
shown in Fig. 3. The IC uses the input volt-
ages, Viand V,, to supply an output voltage,
V., that is described by

Vo=k Vy Vy (1]

In this equation, the constant, k, is deter-
mined by external components:

l\'ZZRL/R\ R_v 13 Izl

In the present circuit, Ry is composed of two
150-Q resistors, R22 and R24, at the output of
the multiplier IC, while R, and R, are formed
by the resistors connected to IC pins 10-11
and 5-6. The current 5 in equation [2] flows
from pin 3 of IC4 into the ground line, and
can be adjusted with the SCALE FACTOR
preset, P6. Presets P4 and P5 each supply an
off-set compensation voltage at the vx- and
VX+ inputs. These voltages serve to set the
differential voltage at the relevant multiplier
input.

The second opamp in the circuit, IC3b,
amplifies the multiplier output signal before
this is applied to the display driver.

The circuit diagram of the LCD section
based on the ICL7106 is shown in Fig. 2.
Preset P7 in the multiplier circuit is used for
off-set compensation. The ICL7106 contains
an analogue-to-digital converter (ADC) and
a liquid crystal display driver. The chip is
used in a standard application circuit, which
requires a handful of external components
for the on-board oscillator (R2-C2), the auto-
zero function (R3-C4) and the capacitive ref-
erence (C3).
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Fig. 1. The main meter circuit is a power-to-voltage converter based on a four-quadrant multiplier Type MC1495L from Motorola.

Returning to Fig. 1, the power supply is
based on two adjustable precision voltage
regulators Type LM317/LM337. Fixed volt-
age regulators are not suitable here in view
of the required stability of the supply volt-
ages. Also, the+7.5 V supply voltage must be
exactly symmetrical, which requires the
voltage regulators to have an adjustment fa-
cility. In the present circuit, the supply volt-
ages are matched with the aid of presets P1
and P2.

Construction: safety first

Since the circuit is connected direct to the
mains, the construction demands great care
and attention to prevent any risk of electrical
shock. With this in mind, it is not surprising
that the wiring of the instrument requires
much more attention than the construction
of the two printed-circuit board, which are
relatively simple designs (see Figs. 4 and 5).
Although it is possible to use a fixed mains
input cord inserted through a rubber grom-
met and fitted with a strain relief at the in-
side of the enclosure, it is safer to use a mains
appliance socket rated at 13 A. The output of
the circuit is connected to a mains socket
fitted on the front panel of the enclosure.
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Fig. 2. Circuit diagram of the ICL7106-based LC display unit.
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This connection must be made with wire
with a cross-sectional area of 2.5 mm’ or
greater. For the sake of safety, cover each
solder joint between a wire and a connector
or terminal in heat-shrink sleeving or insu-
lating tape. All metal parts of the wattmeter
enclosure must be connected to earth.

The front panel is cut and drilled to ac-
cept the mains socket, the display, the on/off
switch and the range switch. Note that al-
though an [EC-style earthed mains socket is
shown fitted on the front panel of the proto-
type, the actual type of mains socket used de-
pends on local regulations. There should be
no problem fitting an US. or UK. style
mains socket. A ready-made self-adhesive
two-colour foil is available to give the watt-
meter a finished appearance. The layout of
this front panel is apparent from the intro-
ductory photograph.

Finally, fit a 3-mm thick plastic or ABS
plate between the display PCB and the front
panel of the enclosure. This plate functions
as an insulator, and must be at least 3 mm
longer and wider than the display PCB.

o2 Outour
wxv

910011 -13

Fig. 3.
by courtesy of Motorola ).

Adjustment

The wattmeter is adjusted with the aid of a
digital multimeter (DMM) and a sine-wave
generator.

First, adjust presets P1 and P2 until the
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Fig. 4.

Single-sided printed-circuit board for the power-to-voltage converter.

Internal schematic of the MC1495L four-quadrant multiplier ( illustration reproduced

circuit supply voltages are exactly +7.5 V
and -7.5 V. Next, connect the sine-wave gen-
erator to pin 3 of IC3. Set the generator to an
output voltage of 3 V, and a frequency be-
tween 50 Hz and 200 Hz. If applicable, set
the DC-offset at the generator output to 0 V.,

COMPONENTS LIST
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cs o[ A3 JO C4 c3 o[ Rz Jo G secondary.
Short out Rio, the feedback resistor of
IC3a, Connect pin 9 of IC4 to ground, and
open switch S1. Adjust preset P4 (VX offset)
Fig. 5. Single-sided printed-circuit board for the liquid crystal display unit. for minimum alternating voltage at output A

of the main meter board (all voltages are
measured with respect to ground).

Connect the generator output to pin 9 of
[C4. Connect pin 3 of IC3a to ground. Adjust
preset P5 (VY offset) for minimum alternating
voltage at output ‘A’ of the main meter
board. Next, minimize the d.c. component at
the output terminal, ‘A’, by adjusting preset
P7.

Connect a non-reactive load, e.g.,a 100-W
bulb, to the output of the wattmeter.
Measure the voltage across the bulb, and the
alternating current. This measurement is
preferably carried out with a true-RMS
meter. Calculate the active power of the
bulb. The direct voltage at terminal ‘A’
should be about 100 mV, corresponding to a
sensitivity of 1 mV /watt. If necessary, cor-
rect the setting of Pe. Next, adjust P1 on the
display board until the calculated active
power appears on the display.

The last adjustment involves the second
measurement range. Close Si, and adjust
preset P3 until the voltage at terminal ‘A’ is
one tenth of the previously measured value.
This completes the adjustment of the watt-
meter.

You are now ready to test the wattmeter
with ‘real’ loads whose active power you
want to check against the manufacturer’s
specification, You can measure up to 3.5 kW.
The accuracy of the instrument is about 5%
even under less favourable conditions, for
example, when a heavily capacitive or in-
ductive load is connected, or when the mains
voltage is distorted by a dimmer circuit. W

5
4

e oEw

¢

Fig. 6. Completed boards, interconnected
and ready for adjustment.
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Fig. 4.

Single-sided printed-circuit board for the power-to-voltage converter.

COMPONENTS LIST

NWNN= =B b= MNN

2
2

4

- wh d —h -

3

METER BOARD

Resistors:

220Q

100kQ

1kQ2

0Q1 5W
18kQ

3kQ3

12kQ

22kQ

8kQ2

5kQ6

270Q

150Q

5kQ preset H
2kQS preset H
25kQ preset H

Capacitors:

100uF 25V radial
1uF 63V radial

Semiconductors:

1N4001
LM317
LM337
TLO82
MC1495L
B80C1500

Miscellaneous:

3-way PCB-mount

screw terminal block

SPST switch
fuse 200mA slow

mains transformer
2x9V @ 1.66A

R1;R2
R3;R4

RS

R6;R7
R8;R9;R10
R11

R12
R13-R16
R17;R18;R20;R23
R19

R21
R22;R24
P6;P7
P1;P2;P3
P4;P5

C1;C2
C3;C4

D1-D4
IC1
IC2
IC3
IC4

B1

K1;K2;K3

St
F1
™

DPDT mains-rated switch S2

printed-circuit board

910011-1
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WATTMETER
COMPONENTS LIST

DISPLAY BOARD

Resistors:

1 1MQ R1
1 100kQ R2
1 470kQ R3
1 33kQ R4
1 10kQ preset H P1
Capacitors:

2 100nF C1;C3
1 100pF Cc2
1 47nF Cc4
1 220nF C5

Semiconductors:

1 7106 IC1
Miscellaneous:

1 3'%-digit LCD LCD1

1 printed-circuit board 910011-2

If you do not have a sine-wave generator,
use a small mains transformer with a 3-V
secondary.

Short out R10, the feedback resistor of
IC3a, Connect pin 9 of IC4 to ground, and
open switch S1. Adjust preset P4 (vX offset)
for minimum alternatine voltage at output A



CORRECTIONS

Wattmeter

April 1991, p. 32-35

With reference the circuit diagram, Fig. 1, the
right-hand terminal of the lower section of
switch S2 should be connected to the circuit
ground. This point is indicated by a dot.

In the adjustment procedure given on page
35, the references to presets P4 and Ps have been
transposed. Contrary to what is stated, P4 sets
the vy offset, and Ps the vX offset. The functions
of the presets are shown correctly in the circuit
diagram, Fig. 1.

To improve the accuracy of the instrument,
connect Rs direct to the circuit ground instead of
junction R6-R7. Finally, all circuit board tracks
carrying mains current must be strengthened
with 2.5-mm’ cross-sectional area solid copper
wire if currents higher than about 5 A are
measured.

80C32/8052 Single-board
computer

May 1991, p. 17-23

When a CPU type 8031 or 8052AH-BASIC is
used, IC1, IC2, IC3, and ICs8-IC12 must be
74HCT types. Jumper B is erroneously reffered
to as Br2 in the text under "On-board EPROM
programmer”. Contrary to what is stated, this
jumper must be fitted only when an EPROM is
to be programmed — for all other use of the
SBC, it must be removed. Also note that jumper
B may only be fitted when the programming
LED is out.

Sequential control

July/August 1991, p. 61
Motor M should be a d.c. type, not an a.c. type
as shown in the circuit diagram.

Digital phase meter

June 1991, p. 32-39

In Fig. 5, the switch between input *A” and IC1
should be identified ‘S1°, and that between input
‘B’ and IC2 *S2’. Switch S4 is an on/off type, not
a push-button as shown in the diagram. Capaci-
tors C3 and Cé are shown with the wrong po-
larity. The component overlay of the relevant
printed-circuit board (Fig. 8) is all right.

Universal NiCd battery
charger

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

When difficult to obtain, the BYW29/100 (Ds)
may be replaced by the BY229, which is rated
at6 A.

The text under the heading *Calibration’

should be replaced by:

4. Connect a multimeter between points G
and H on the board, and adjust P4 until the
measured voltage is 1 V lower than the voltage
on the battery terminals.

MIDI program changer

April 1991, p. 14-17
The contents of the EPROM should be modified
as follows:

address data
OOBC E5
00C7 80
00C8 CB
00C9 F5
00CA 7B
00CB 12
00CC 00
00CD D2
00CE 2
00CF 02
00D0 80
00D1 c2

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

Electronic exposure timer

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

Augmented A-matrices

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

T: |1|ll2 :T

O- O

910058-14
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INTEL/TEKTRONIX-TO-HEXDUMP
CONVERTER PROGRAM FOR PCs

Those of you who run assemblers capable of producing Tektronix or
Intel format output files have a problem when an available EPROM
programmer is not ‘intelligent’, or when a simple hexdump is
required of the object code. Here is a BASIC program to end your

NTEL hex format and Tektronix Hex for-
mat are two very popular file formats
used for uploading and downloading data
between a host computer (such as a PC) and
an intelligent EPROM programmer. That is

misery.

from an idea by S. Mitr

why most popular cross assemblers and file
linkers supplied with different in-circuit
emulators provide Intel/Tektronix format
file output in addition to executable file out-

put.

During system software development, it
is often required to generate a hexadecimal
dump listing from the Intel/Tektronix for-
mat for documentation or debugging. Doing
such a conversion manually takes a lot of

10+ HEXDUMF 1isting. 700 BUFFERLEN=BUFFERLEN - TESTPOSITION
Intel ndard Hex Dump Listing convertor 710 IF FORMATS=":" THEN GOSUB 1230 ELSE GOSUB 1310
! Writ -—— 720 IF BYTECOUNT=0 THEN 980
Y a 730 HEXDUMPS=" o~
' ! Rani Sankari Lane 740 FOR X=1 TO BYTELEN STEP 2
6 > Calcutta 700 026 750 HEXDUMPS~HEXDUMPS + MIDS(BYTES, X, 2) + SPACES(2)
0 ¢ West Bengal 760 NEXT
8( I 770 IF LINENUM<>22 THEN 940
0 ¢ 2 esresscccsscecccsssccsccmeaee 780 PRINT
1 v 790 PRINT "“Press any key to continue"
1 ) 8OO PS=INPUTS(1)
2 CLOSE : FLAG=0 : EXIST=-1 : COLOR 14,6 810 PAGE=PAGE +1
L} Tektronix Hex Format to standard hexdump Version 1.00" 820 LINENUM=1
4 Written by Soumya Mitra 1990" 830 PAGEHEADS=DATES + * Hex dump of " + INFILES
4,0 840 PAGEHEADS~PAGEHEADS + " software Page " + STRS(PAGE)
LOCATE 1 INPUT "Input File : ", INFILES 850 PRINT #2, CHR$(12)
) OPEN "I", ¢1, B 860 PRINT : PRINT : PRINT : PRINT : PRINT : PRINT : PRINT PAGEHEADS
870 PRINT #2, PAGEHEADS
"Output File : ", OUTFILES 880 PRINT : PRINT :PRINT HEADERS : PRINT
“Intel/Tektronix (I/T) ": : AS~INPUTS(1) 890 PRINT #2, ""
THEN FORMATS " : GOTO 240 900 PRINT #2, "“
THEN FORMATS " : GOTO 240 910 PRINT #2, HEADERS
THEN 200 920 PRINT #2, ""
930 LINENUM=LINENUM + S
: COLOR 11, 0 : PRINT "Esc - to exit any key to continue" 9240 PRINT ADDRESSS + HEXDUMPS
AS= "™ THEN 260 950 PRINT #2, ADDRESSS + HEXDUMP$S
THEN END 960 LINENUM=LINENUM +1
wait a moment."™ 970 WEND
TFILES 980 FOR X=LINENUM TO 22
1 990 PRINT
COLOR 28, 8 1000 NEXT
xists, overwrite (Y/N)" 1010 PRINT #2, CHRS(12)
g SUB 1180 1020 CLOSE : END
IF AS="" THEN 340 1030 CLS : COLOR 28, 0 : LOCATE 12, 30
5 OR AS="Y" THEN 370 1040 IF ERR=5) AND ERL=290 THEN EXIST=0 : RESUME NEXT
160 n" OR AS="N" THEN END ELSE 340 1050 IF ERR<>53 THEN 1090
: CL PRINT "Please wait a moment" : CLOSE 1060 PRINT "File not found® : GOSUB 1180
8¢ fl FILES 1070 COLOR 7, 0 : LOCATE 23, 1 PRINT "Press any key to continue™
#2 ILES 1080 AS=INPUTS(1) : RESUME 120
=1 1090 IF ERR<>71 THEN 1130
) ENUM=1 1100 PRINT "Drive not ready"™ : GOSUB 1180
HEADERS 1110 LOCATE 14, 25 : COLOR 7, 0 : PRINT "Press any key to continue"
FOR C TO 1 1120 AS=INPUTS(1) : CLS : PRINT "Please wait a moment." : RESUME
HEADERS~HEADERS + HEXS$(C) + SPACES(1}) 1130 IF ERR=61 THEN PRINT "Out of disk space" : GOTO 1160
EXT 1140 IF ERR=62 THEN PRINT "WRONG FILE FORMAT!" : GOTO 1160
CLS : PRINT "Please wait, scanning® 1150 LOCATE 14, 23 : PRINT "Basic error ":; ERR; " has occured"
PAGEHEADS~DATES + " Hex dump of " + INFILES 1160 GOSUB 1180
0 PAGEHEADS=PAGEHEADS + " software Page " + STRS(PAGE) 1170 COLOR 7, 0 : END
LOCATE 19, PRINT PAGEHEADS 1180 FOR COUNTER=1 TO 3
PAGEHEADS 1190 SOUND 2500, .8 : SOUND 20000, 1
1200 NEXT
ne 1210 SOUND 20000, B
1220 RETURN
;. " 1230 ¢ INTEL FORMAT CONVERSION ###asaatetansssssrtstssansnssnses
HEADERS 1240 BUFFER$=MIDS(BUFPERS, TESTPOSITION + 1, BUFFERLEN - 2)
#2, HEADERS 1250 BYTECOUNT=VAL(MIDS(BUFFERS, 1,2))
1260 IF BYTECOUNT=0 THEN 1300
#2, "" 1270 ADDRESS$=MIDS(BUFFERS, 3, 4)
LINENUM=LINENUM + 1280 BYTELEN=BUFFERLEN - 10 ‘ BUFFERLEN-(BYTECOUNT+ADDRESS+BLOCKTYPE+CHKSUM)
) WHILE 1 1290 BYTES=MIDS(BUFFERS, 9, BYTELEN)
C LINE INPUT #1, BUFFERS 1300 RETURN
2 BUFFERLEN~LEN(BUFFERS) 1310 ' TEXTRONIX FORMAT CONVERSION ®tsesssctttncdtssitctnnsssoses
630 TESTPOSITION=1 1320 BUFFERS~MIDS(BUFFERS, TESTPOSITION + 1, BUFFERLEN - 2)
640 WHILE 1 1330 BYTECOUNT=VAL(MIDS(BUFFERS, S5, 2))
650 TESTSTRINGS=MIDS (BUFFERS, TESTPOSITION, 1340 IF BYTECOUNT=0 THEN 1380
660 IF TESTPOSITION >=BUFFERLEN THEN 970 1350 ADDRESS$=MIDS(BUFFERS, 1, 4)
67¢ IF TE RINGS=FORMATS THEN 700 1360 BYTELEN=BUFFERLEN - 10
680 TESTPOSITION=TESTPOSITION +1 1370 BYTES=MIDS(BUFFERS, 9, BYTELEN)
690 WEND 1380 RETURN
900136 - 1Y
Fig. 1. Listing of HD.BAS, the file format converter, written in BASIC.
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137
INTEL/TEKTRONIX-TO-HEXDUMP CONVERTER PROGRAM FOR PCs .

:1000000041421040004200000000000000000000DB
:100010003E002175F9068077230520FB21007F1122
:10002000F5F9018000EDB011008D062A21F5F923C4
:100030007E3273FA237E3274FAFD2A73FAFD19FDBB
:100040002273FA2B3A73FA77233A74FA772305204E
:10005000DE21807F1175FA018000EDB011000021D2
:10006000F5F90E007E835F3E008A57230D20F521AF
:10007000F3F97323723E00327AF9CD38011F1FE67F
:100080000306004F21C1FC0986217AF977CB7E282F
:100090000C21C5FC097EE60C217AF98677003E002A
:1000A0003277F93278F93279F9F501FF1FC521C1AC
:00000001FF

02-06-1991 Hex dump of A:HEX.HEX software Page 1

0 1 2 3 4 5 6 & 8 ) A B Cc D E F

0000 41 42 10 40 00 42 00 OO0 00 00 ©00 00O 00 OO0 0O OO
0010 3E 00 21 75 F9 06 80 77 23 05 20 FB 21 00 7F 11
0020 F5 F9 01 80 00 ED BO 11 00 8D 06 2A 21 F5 F9 23
0030 7E 32 73 FA 23 7E 32 74 FA FD 2A 73 FA FD 19 FD
0040 22 73 FA 2B 3A 73 FA 77 23 3A 74 FA 77 23 05 20
0050 DE 21 80 7F 11 75 FA 01 80 00 ED BO 11 00 00 21
0060 F5 F9 OE 00 7E 83 5F 3E 00 8A 57 23 0D 20 F5 21
0070 F3 F9 73 23 72 3B 00 32 7A F9 CD 38 01 1F 1F E6
0080 03 06 00 4F 21 Cl1 FC 09 86 21 7A F9 77 CB 7E 28
0090 OC 21 C5 FC 09 7E E6 OC 21 7A F9 86 77 00 3E 00
00A0 32 77 P9 32 78 F9 32 79 F9 FS5 01 PP 1F C5 2% C1

900136 - 12

Fig. 2. Example of an Intel format input file and the hexdump produced by HD.BAS.

/00001001064010FE3E38D3C032434097D3C12100A0
/00101002400100207E2F777E2F77BE280176EDA1C6
/00201003EA1400310048971100420600CD28069784
/00301004324A403EC932004B182C4544695453209B
/0040100576657273696F6E20312E302C20636F70B1
/0050100679726967687420456C656B7475757220B5
/0060040A3139383927
/0066100DF331004897325340210A0E0130407E027D
/0076100E23033E40B920F73E40ED4706000EE111A9
/0086100FFFFFD93E73D3E2D3E33E4FD3E23EFFD331
/00961010E33E9CD3E33E3AD3E33E17D3E33EFBD30C
/0000000000

02-06-1991 Hex dump of tek.tek software Page 1

0 1 2 3 4 5 6 7 8 9 A B c D E F

0000 06 40 10 FE 3E 38 D3 CO 32 43 40 97 D3 C1 21 00
0010 40 01 00 20 7E 2F 77 7E 2F 77 BE 28 01 76 ED Al
0020 EA 14 00 31 00 48 97 11 00 42 06 00 CD 28 06 97
0030 32 4A 40 3E C9 32 00 4B 18 2C 45 44 69 54 53 20
0040 76 65 72 73 69 6F 6E 20 31 2E 30 2C 20 63 6F 70
0050 79 72 69 67 68 74 20 45 6C 65 6B 74 75 75 72 20
0060 31 39 38 39
0066 F3 31 00 48 97 32 53 40 21 OA OE 01 30 40 7E 02
0076 23 03 3E 40 B9 20 F7 3E 40 ED 47 06 00 OE E1 11
0086 FF FF D9 3E 73 D3 E2 D3 E3 3E 4F D3 E2 3E FF D3
0096 E3 3E 9C D3 E3 3E 3A D3 E3 3 17 D3 E3 3E FB D3
900136 - 13

Fig. 3. Example of a Tektronix format input file and the hexdump produced by HD.BAS.

INTEL Intellec 8/MDS Format

header p—— offset
base 2 hexadecimal characters = 1 byte checksum of
address 16 databytes (example) _rtcord
1 1
-' 100000 00 'FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 00 xX
: 10 0010 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FO xx data
: 10 0020 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF EO0 xx records
: 10 0030 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF DO xx
: 10 0040 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF CO xx
: 00 0000 FF last record
checksum of last record
record type (00:data 01:end)
number of databytes (hex) per record
xx = ignored characters (CR-LF) 900009 - 12

Fig. 4. Analysis of Intel-hex record format.
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time, and is therefore much better left to the
computer. The program described here
reads an Intel or Tektronix format data file
and will turn it into a hex dump ASCII print
file.

The program

The listing of the file converter, HD.BAS, is
given in Fig. 1. The program has quite a few
error trapping routines, and will handle al-
most any type of error without crashing your
PC. On being run from GWBASIC, the pro-
gram asks you to enter the input and output
file names. Next, it verifies the file format
type. If a wrong format is detected, the pro-
gram terminates with an error message. If
the file format is correct, the conversion is
started, and you can see the hex dump listing
scrolling on your PC screen, while the output
fileis written to the disk. After each screenful
of data, the program will stop and prompt
you to press a key to continue.

Two examples of the use of HD.BAS are
given in Figs. 2 (Intel format) and 3
(Tektronix format). As you can see, the pro-
gram is capable of turning what many of you
will regard as a cluttered block of data into a
neatly formatted hexadecimal dump. u



6-METRE BAND TRANSVERTER

Although it has been in use for over ten years in the UK, the 6-metre
(50 MHz) band has recently gained a lot of attraction since the PTT
authorities of a number of continental European countries including
France, Holland, Belgium and Germany have, after a faltering start,
issued the first few hundred 6-metre licenses to die-hard home
brewers. The author invites you to partake actively in the growing
6-m activity. As shown in the ‘specs’ box on this page, the present
transverter has quite a few distinct advantage over earlier designs
that have appeared in the radio amateur press.

ITUATED at the low end of the VHF

band, the amateur radio frequency seg-
ment between 50 and 52 MHz has some very
exciting propagation characteristics. Thanks
to atmospheric reflection, transcontinental
radio contacts using very low powers have
been made ‘on six’. Radio amateurs working
on the VHF and UHF bands know that the
reception quality of signals from VHF Band-
1 (48-68 MHz) TV transmitters can rise with-
in minutes from very poor to quite
acceptable. This often happens in the sum-
mer and early autumn, when there are tem-
perature inversions in certain layers of the
atmosphere. In the UK, where the VHF-1
band is no longer used for TV broadcast ser-
vices, it is common practice among VHF
radio amateurs to monitor the field strength
of certain Dutch and Spanish TV transmit-
ters. First, the syncs are audible, then the pic-
tures seem to arise from the noise. The next
thing to do is get the logbook out and the rig

%-Pe’dro Wyns, ONAAWQ

ready since it is often only a matter of hours
before long periods of sporadic-E reflection
enable contacts to be made over distances of
hundreds of miles in the 2-m band.

A quite different type of propagation,
TEP (trans-equatorial propagation), carries
6-m signals across the oceans, reaching sta-
tions thousands of miles away. Contacts
have been made between European radio
amateurs and stations in Rhodesia, South
Africa, Namibia and Brazil, using CW on six
metres.

In Europe, equipment for the 6-m band is
mostly of the home-brew type, although
Japanese ‘black box’ transceivers are starting
to become available. The 6-m band is not
crowded, and equipment being mostly ex-
perimental with modest transmit power
there is a certain distinction in being QRV on
six.

From two to six and vice
versa

The word transverter is an acronym for
transmitter-converter. The circuit described

here transposes received signals in the 6-m
band to the 2-m band (144-146 MHz; in the
USA: 144-148 MHz), while the transmit sig-
nal of the 2-m rig is transposed to the 6-m
band (50-52 MHz; in the USA: 50-54 MHz).
Basically, a transverter is a linear bidirec-
tional mixer connected to an RF input stage
and an RF power amplifier. Take a look at
the block diagram in Fig. 1. When the trans-
verter is in the receive mode, signals picked
up by the 6-m antenna are passed through a
filter before they are amplified by T4. Via an
electronic RF switch based on p-i-n diodes,
the 6-m signal arrives at the LO (local oscilla-
tor) input of a mixer. This may appear un-
usual, but it should be borne in mind that the
LOand IF (intermediate frequency) inputs of
the mixer are electrically interchangeable.

A local oscillator (LO) chain consisting of
a quartz oscillator and two multiplier stages
supplies a signal of 94 MHz to the IF input of
the mixer. The up-converted 2-m signal is
taken from the RF connection, and fed to the
2-m transceiver.

When the 2-m transceiver is switched to
transmission, its RF output signal is rectified
to control the electronic Tx/Rx (transmit /re-
ceive) switch based on T7-T10. The Tx LED
lights, and the transverter is switched to
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6-METRE BAND TRANSVERTER

0sC X3 X3 ;: 6-m antenna
B
,
T T2 T3 Tﬁ
10.44 MHz 94MHz
; , + ¥ 50-52MHz

D .

. 500

Tx Tx

Rx Rx
Lo
Rl LEL L
PIN
T5

SBL-1 SWITCH
2 - metre
transceiver
144-146MHz ALC
—p +Tx %4
T7-T10
I ——p +Rx s
910010 - 11

b ¢ &
>
v

Fig. 1.

receive mode, this section forms a series filter tuned to 144 MHz. In

a VHF p-i-n diode.

transmit mode. The 2-m signal is first attenu-
ated before it is mixed with the 94 MHz LO
signal. The mixer output frequency, 50 MHz
(with the 2-m rig tuned to 144 MHz), is fed to
the input of an amplifier, T5. Then follow the
RF power stage and the antenna filter. A sig-
nal rectifier in the output filter provides an
ALC function or a simple RF signal level
meter that may be used to monitor the trans-
verter’s output power. The ‘hang’ time of the
Tx/Rx switcher may be adapted by the user
to individual requirements.

The input and output impedance of the
transverter are 50 Q. The circuit is powered
from a 12-V supply, which makes it suitable
for mobile use.

Look: no relays!

The circuit diagram of the transverter, Fig. 2,
follows the block schematic quite closely. At
the heart of the circuit is a Type SBL-1
double-balanced mixer (DBM) from Mini
Circuits Laboratories. This isa 7-dBm-LO, 1-
dB-RF DBM for use up to 500 MHz. The SBL-
1 is familiar to most VHF radio amateurs as
it is used in many home made converters
and transverters. An equivalent of the SBL-1,
the [E500, may also be used in this circuit. An
excellent discussion of DBM operation and
selection criteria is given in Ref. 1.

Receive mode

Let’s assume that the transverter is in the re-
ceive mode, and start the description of the
circuit diagram with the 94-MHz local oscil-
lator chain. In the lower left-hand corner of
the diagram we see a Colpitts-type quartz
oscillator based on T1 and a 1044 MHz
quartz crystal, X1. The oscillator operates
with the crystal resonating at its fundamen-
tal frequency. An overtone oscillator run-
ning at 94 MHz was found less suitable here
in view of the required stability and tuning
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capability. The output signal of the oscillator
is multiplied by three to give 31.32 MHz at
the collector of T2. A further tripler, T3, sup-
plies the LO end frequency of 94 MHz at a
power of about 10 mW. Via a short length of
50-Q coax, the LO signal is fed to the SBL-1
(Mix1) which mixes it with the 50 MHz sig-
nal supplied by the receive amplifier, MOS-
FET T4.

Since the Rx supply lineis atabout +11V,
diode D4 is forward biased, while its Tx
counterpart, D5, blocks. This 2-way p-i-n
switch provides a high degree of RF isolation
between the output of the receive amplifier,
T4, and the output of the transmit amplifier,
Ts, ensuring that the switched-off circuit
does not load the active circuit.

The RF signal picked up by the 6-m an-
tenna is taken through a 50 MHz bandpass
filter beforeitarrives at the G1 (gate-1) termi-
nal of T4. The two antiparallel diodes, D1and
D2, form a clamping circuit that protects the
MOSFET input and at the same time func-
tion in the Tx/Rx switching (remember, the
RF power transistor, Ts, is switched off be-
cause the +Tx supply line is at virtually 0 V).
The amplifier based on T4 guarantees excel-
lent sensitivity in the 6-m band, and has
ample gain to compensate the mixing loss in
the DBM. At the output of the receive ampli-
fier, C31 forms part of a matching network
that works in the both the transmit and the
receive mode, while components R21 and C30
are used to bias the p-i-n diode.

The 94 MHz LO signal mixed with the
amplified 50 MHz signal yields 144 MHz at
the RF connection of the DBM. The 144-MHz
signal is filtered by a series L-C network, Cas-
Ci9-L18to bypass the transmit attenuator, be-
fore it is fed to the input of the 2-m
transceiver.

Transmit mode
When the 2-m transceiver is switched to

Block diagram of the 6-m transverter. Not shown here for the sake of clarity is an L-C filter at the transceiver side of the DBM. In
transmit mode, it forms a 50 MHz notch. The switching is effected with

transmission, its RF output signal is rectified

* by Ds-D10-C47. Consequently, transistor T8 is

turned off so that T10 is turned on. The Tx
LED lights, and the Tx supply line in the cir-
cuit is at about 11 V, while the +Rx line is at
about 0 V. The +Tx voltage causes p-i-n
diode D11 to conduct, which detunes the L-C
series network and causes it to act as a 50-
MH?z notch. The 144-MHz CW or SSB signal
is applied to a 50-Q dummy load and attenu-
ated by R32-R33 to give a suitable driving
level for the DBM. Since the LO signal is per-
manently present, the IF connection of the
DBM supplies the heterodyne frequency of
50 MHz. Diode Ds conducts, and the mixer
output signal is applied to an amplifier stage
based on MOSFET Ts. This driver supplies
an output power of about 40 mW to the RF
power transistor, Te. The MRF237 used in
this position is a VHF power transistor from
Motorola. To ensure that the device operates
linearly, its quiescent current is set to about
75 mA. The RF stage has an output power of
up to 1.5 W, depending on cooling and the
transistor characteristics. The quiescent cur-
rent can be measured as a voltage across the
10-Q supply resistor, R25. The typical voltage
on R25 will be around 1 V.

A twelve-pole pi-type elliptical low-pass
filter based on adjustable inductors is in-
serted between the RF amplifiers and the an-
tenna connection. This filter has an
additional notch, L15-C40, to trap the second
harmonic (100 MHz).

The diode detector based on D7 and Ds
may be used for output power level monitor-
ing, adjustments or ALC (automatic level
control) applications. The latter function
however requires the two diodes to be
reversed. The output may also be used to
provide a basic RF power indication. The
transverter has ample output power to drive
a 6-m linear amplifier. The use of high power
in the 6-m band is not advocated, however,
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and constructors should observe the maxi-
mum permissible EIRP level stated in their
license. In practice, the 1.5 to 2 watts or so
furnished by the transverter will scrape the
EIRP limits when a directional antenna is
used, say, a five-element yagi with 10 dB
gain. Do not spoil the experimental character
of the 6 m band by using excessively high
power levels. QRP is much more fun!

Tx/Rx switching

It will be noted that the circuit is totally solid-
state, i.e., the dreaded transmit/receive relay
does not come into play. All Tx/Rx switch-
ing is performed by p-i-n diodes, whose
short response time allows the transverter to
be used for Packet Radio and Amtor, where
Tx/Rx switching is computer-controlled.
Note, however, that your licence may not
allow these communication modes on six.
The ‘hang time’ of the electronic Tx/Rx
switch is determined by the 2.2 uF capacitor,
C47. You may want to change this value to
meet your individual requirements.

Construction

The transverter is best built on the double-
sided printed circuit board shown in Fig. 3.

Circuit diagram of the 6-m transverter.

The complete circuit is accommodated on
this Eurocard-size (10x16 cm) board which
has a pre-tinned copper ground plane at the
component side to ensure screening and de-
coupling of the RF signals. Since ready-made
inductors are used, the construction is really
quite straightforward. A few points must be
noted, though.

Start by fitting the capacitors, resistors
and diodes. All parts must be fitted with the
shortest possible terminal length. Grounded
component terminals must be soldered to
the ground palne at the component side of
the PCB. Proceed with mounting the RF
power transistor, Te. Experienced construc-
tors may solder the case of this transistor
flush to the copper screen at the component
side of the board (see Fig. 4). If you are less
confident of your construction skills, push
the transistor firmly on the PCB surface, and
solder the three terminals at the track side
only. Remember that the case of the MRF237
is connected to the emitter, so that any direct
contact between it and the ground plane is
perfectly all right. Soldering the MRF237 to
the board makes for minimum stray capacit-
ance and optimum cooling, which helps to
ensure the stability of the RF power stage.
Carefully remove the solder resist mask lo-

cally with a sharp knife. Next, pretin the
area. Remove excess solder and solder resin
with the aid of desoldering braid and alco-
hol. Push the transistor firmly in place, and
solder the rim on the case to the pretinned
area. Solder as quickly as you can, and go all
around the case. The solder joint should be
smooth. If you have reason to believe that
your solder iron is not powerful enough to
do this job quickly, pre-heat the transistor
with the solder bit until it is so hot that you
can just pick it up and fit it on the board. The
MRF237 must be fitted with a heat-sink,
preferably of the type shown in the photo-
graph of the prototype. Never test the trans-
verter without a heatsink fitted on the
MRF237: the destruction of this fairly ex-
pensive device will be imminent.

Fit the mixer on the board, noting its
orientation from the circuit diagram and the
indication on the component overlay. Push
the device flat on the PCB surface, and solder
all eight pins at the track side.

Next, mount the inductors. There are
quite a few, and the type numbers can be
confusing, so make sure you fit each of them
in the right position. The screening cans are
soldered to ground.

The last components to be mounted are
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Fig. 3a. Double-sided printed-circuit board for the transverter.



m RADIO AND TELEVISION

Fig. 3b. Component mounting plan.

COMPONENTS LIST
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Fig. 4. Not for the faint-hearted: soldering
the case of the MRF237 straight to the PCB
ground plane.

the transistors. While the BF199s, BC517s
and BD139s will pose little problems, pay at-
tention to the MOSFETSs. Do not remove the
BF961s from their protective packaging until
they are due for mounting. Aluminium kit-
chen foil is fine for storing these devices.
Leave them on the foil while you run a thin,
short wire around the transistor body, con-
necting the four terminals. Next, bend the
terminals as required, and insert them in the
PCB holes. Check the orientation of the
MOSFETs: the terminal with the tab at one
side is the source. Also note that T4 s fitted
upside down, i.e., its type indication faces
the PCB. Solder the terminals of the MOS-
FET before removing the shorting wire.

Inspect the board carefully for incorrectly
fitted parts and bad solder joints. Next, con-
nect a short piece of RG174U (dia. 3 mm)
coax cable between the output of the LO
chain and the IF input of the mixer. Two
pairs of solder terminals are available for this
connection. Finally, note that the local oscil-
lator section of the board may be cut off to
function as a separate module.

The completed board (see Fig. 5) is fitted
in a metal enclosure. The size of our proto-
type is 200x150x70 mm (WxDxH). The Tx
and Rx indicator LEDs are best fitted on the
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front panel, with short wires connecting
them to the board. UHF-style (Amphenol
S0-239) sockets are used for the 2-m and 6-m
connections. Use short lengths of RG58 or
similar 50-Q coax cable to connect the soc-
kets to the appropriate PCB terminals. The
screening must be connected at both ends of
the cable. At the side of the socket, this
means that you may have to use a solder lug.

The power supply is best connected viaa
chassis-mount plug of the type used on
mobile transceivers. These plugs have two
insulated pins, and connect to a screw-type
cable socket. Both items are commonly avail-
able as spare parts from amateur radio retai-
lers. It is recommended to inserta 2.5 A fuse
in the positive supply line to the transverter.

The ALC output is optional, and since
there appears to be no standard for this con-
nection, any suitable combination of a plug
and a socket may be used to carry the signal
to other equipment.

Adjustment

The transverter is adjusted in steps as de-
scribed below. First, however, build the RF
signal detector shown in Fig. 6. This circuit is
used to probe the RF signal levels at various
locations in the circuit. The moving-coil
meter may, of course, be formed by your
multimeter set to the most sensitive current
range. The preset in the detector, P1, is ad-
justed depending on the signal level
measured. To adjust the inductor cores, you
will also require a gate dip meter and a plas-
tic Allen key. Never use a screwdriver or a
metal Allen key to adjust the inductor cores.

Local oscillator chain adjustment

1. Connect the probe to the hot side of R4
(1 k), and check for oscillator activity.

2. Tune the gate dipper to 31 MHz, hold it
close to L1, and adjust the inductor for maxi-
mum reading.

Fig. 5. Completed PCB, ready for ad-
justment. Note that the LO output is
connected to the DBM via a short length
of thin coax cable.

6-METRE BAND TRANSVERTER

910010~ 13

Fig. 6. Circuit diagram of a simple RF sig-
nal level meter used during the adjustment
of the transverter.

3. Tune the gate dipper to 94 MHz, hold it
close to L3, and adjust L2 and L3 for maxi-
mum reading.

4. Repeat steps 2 and 3.

5. Connect the RF probe to the hot side of R1
(100 Q).

6. Adjust L3 and L4 for maximum reading.
Check that the LO frequency is 94.00 MHz.
If not, adjust Ce.

Tx chain adjustment

7. The green LED (Rx) should light. Short the
collector of T7 (BC517) to ground. The green
LED goes out, and the red LED (Tx) comes
on. Measure the voltage across R25 (10 €).
This should be between 0.75 and 1 V.
Remove the core from L9.

8. Connect a dummy load /power meter or
an antenna to the 6-m output. Apply a con-
tinuous power of 100 to 500 mW to the 2-m
input.

9. Adjust inductor L6 for maximum output
power.

10. Adjustinductors L11, L12, L13, L14, Lieand
L17 for maximum output power. Repeat
steps 9 and 10.

11. Adjust inductor L15 for minimum signal
at 94 MHz (use an FM radio for this adjust-
ment).

Rx chain adjustment

12. Remove the short at the collector of T7.
Connect an RF signal source to the 6-m
input. Alternatively, ask a nearby ham to
transmit a test signal on six. Tune the 2-m re-
ceiver to the test signal. Adjust Ls, Ls and L18
for best reception. If necessary, gradually re-
duce the level of the test signal.

This completes the adjustment of the 6-m
converter. The absolute maximum 2-minput
power to the transverter is 5 W. In most
cases, however, the maximum output power
of about 2 W will be achieved with 2.5 W or
less on 2 m. Switch the 2-m transceiver to
SSB or CW, connect your 6-m antenna, and
away you go. You are now QRV on six! In-
ternational calling frequency: 50.110 MHz.
|

Reference:

1. RE/TF signal processing handbook. Pub-
lished by Mini Circuits Laboratories, P.O.
Box 166, Brooklyn, New York, U.S.A.
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Fig. 3a. Double-sided printed-circuit board for the transverter.



6-metre band converter

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

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

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

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

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

Multifunction measurement
card for PCs

January and February 1991

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

ELEKTOR ELECTRONICS JUNE 1991

CORRECTIONS

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

Dimmer for halogen lights

April 1991, p. 54-58

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

RDS decoder

February 1991, p. 59

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

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

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

S-VHS-to-RGB converter

October 1990, p. 35-40

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

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

The components list should me modified to
read:

6 33nF C57-C62



PC-CONTROLLED
SEMICONDUCTOR TESTER PC-TT 90

PART 2: CIRCUIT DESCRIPTION, CONSTRUCTION AND

Continued from the March 1991 issue

On-board power supply

The circuit diagram of the power supply,
Fig. 19, shows that the semiconductor tester
has an on-board step-up voltage converter
that is powered from the 12-V supply in the
PC. The 5-V supply of the PC is also used to
power certain parts of the circuit. The 12-V
supply of the PC is connected to a step-up
converter via a 4-way connector as used for
floppy disks and hard disks. The current re-
quirement of the 12-V input is about 2.2 A. If
this current is not available in your PC, it is
still possible to use the semiconductor tester
with a correspondingly reduced maximum
collector current for the device under test.
The input current of the voltage doubler in
the power supply is about 2.2 times the out-
put current. Hence the 2.2 A input current
requirement if a maximum collector current
of 1 A is to be achieved. The quiescent cur-
rent drawn by the power supply is about
150 mA.

I'he power supply is essentially a switch-
mode circuit based on a dedicated controller
Type UC3524A, IC1, and two power MOS-
FETs, T1 and T2. The MOSFETs are con-
nected to a ferrite transformer, Tr1, which
doubles the input voltage to 24 V, and in ad-
dition provides a floating 15-V output. The
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Fig. 18.

15-V output of the transformer is rectified
and smoothed by diodes D4-Ds5 and capaci-
tor Cs. Next, the rectified voltage is stabilized
at 15V by a Type 7815 fixed voltage regula-
tor. The floating 15-V supply is used for the
base voltage generator, which must operate
potential-free, that is, at a potential that can
not be measured with respect to ground.
Finally, capacitors C11-C24 are included

B it

Block diagram of the semiconductor tester.

for stabilization, decoupling and noise sup-
pression.

Main circuit

Figure 20 shows the circuit diagram of the
main digital and analogue sections of the
semiconductor tester. The PC bus interface is
shown in the top left-hand corner of the di-
agram. Data lines D0 to D7 (bus contacts A02
to A09) are connected to bidirectional bus
driver IC10, a 7415245, which forms the data
link between the PC and the insertion card.
Address lines A0 and A1 (bus contacts A30
and A31) drive inputs A and B of the two bi-
nary-to-decimal decoders contained in IC11.
These two decoders control the operation of
the various bus drivers. Bus signals IOWC
and IORC (bus contacts B13 and B14) drive
the enable inputs of IC11 via ICoc and 1Cop.

The RESET line (bus contact B02) has an
important function in the circuit because it
ensures that all relays are de-actuated when
the PC is switched on, preventing undefined
switch configurations and short-circuits on
power-up.

Address lines A2 to A9 (bus contacts A22
to A29), together with the address enable
line, AEN (bus contact A11), are connected to
an address decoder based on IC12, a Type
741.5688. The insertion card is normally ad-
dressed at I/O location 300y, but may be
given a different address by changing the
setting of the 8-way DIL switch. Details on
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the address setting of the card are given in
the READ.ME documentation file on the
floppy disk supplied with the kit.

The digital control information supplied
by the PC is latched and distributed by 1C14,
IC15 and IC16. Circuits IC14 and IC15 have di-
rect control over relays Rel to Re1o, while
IC14 additionally controls the switch for the
range selection in the current measurement
circuit. IC16 forms the interface between the
PC and optocouplers IC1s to IC21.

The input data of bus driver IC13 is sup-
plied by outputs Q6, Q7 and Q8 of ICs, by
R35, which provides the current protection
information supplied by ICéC, and by the

As already noted in the introductory in-
stalment of this article, the collector-emitter
voltage of a device under test rises in the
range 0 to 20 V. This voltage is supplied by
T3, a power transistor Type BD250C, which
is driven via transistor T4 and opamp ICeA.
The output voltage is applied to the input of
the opamp, pin 3, via a potential divider con-
sisting of R30, R110 and ICeB. In this arrange-
ment, ICéB merely forms a differential
amplifier that serves to shift the reference
potential from output terminal ST5 to
ground.

The set (i.e. required) output voltage is
applied to pin 2 of ICeA via R25 and elec-
tronic switch IC17A. The PC supplies the set
voltage in digital form to inputs D0 to D7 of
DAC (digital-to-analogue converter) 1C3.

PC-CONTROLLED SEMICONDUCTOR TESTER PC-TT 90 - 2 E

Depending on the value of the dataword
sent to the DAC via the PC interface, a volt-
age between 0 and -2.55 V is available at
pin 6 of buffer opamp ICs.

With switch IC17A set to the position
shown in the circuit diagram, R25 feeds the
ADC (analogue-to-digital converter) output
voltage to the voltage control opamp, ICéA.
The subsequent voltage amplifier based on
transistors T3 and T4 supplies an output volt-
age of 0 to 2045 V at terminals ST3-ST5.
When IC17A is set to the other position, the
control voltage is reduced by potential
divider R27-R28. This is done to increase the
resolution of the output voltage in the lower
range. A control voltage of -2.55 V at pin 6 of
ICs results in an output voltage of +3.6 V at
ST3-ST5.

The collector current of the device under
test is measured with the aid of series resistor
Rs4 inserted into the supply line. Resistor R43
feeds the voltage drop across R54 to pin 3 of
a low-drift opamp Type TLC271, IC7. In the
feedback circuit of this opamp we find resis-
tor R41, while the ground path consists of
switch ICs and either one or two of 11 resis-
tors R44 to R53 plus R10s. The resistor selec-
tion is accomplished by ICs, whose internal
resistance may be ignored as it is very small
with respect to the resistor values. In this set-
up, the amplification of IC7 can be set to a
number of fixed values between 2 and 200.
The control information required for the
gain selection is supplied by latch IC14 to the

control inputs, A, Band C, of ICs.

At the maximum output current of 1 A,
Rs4 drops exactly 1 V. This results in 2 V at
the output, pin 5, of ICé. In the most sensitive
measurement range, 10 mA, R34 drops a
maximum of 10 mV. This also results in a
maximum of 2.0 V at the output of ICs be-
cause the gain of IC7 is then set to 200.

The measured and subsequently ampli-
fied voltage is fed to the input, pin 6, of the
8-bit ADC, which converts the input voltage
range of 0'to 2V into a corresponding digital
value that can be processed by the PC.

The reference voltages used in the circuit
are derived from a Type 7805 fixed voltage
regulator, IC29. Resistors R14-R17 and R20
supply a reference of 2.55 V for the DAC,
and 1.0 V for the ADC.

The current measurement circuit has a
built-in electronic fuse based on ICeC. Pin 13
of this opamp is held at a reference level of
2.25 V, while the other input, pin 12, is at a
voltage proportional to the measured cur-
rent. Since this voltage is supplied by IC7, the
full-scale value is 2 V. When this value is ex-
ceeded by about 10%, the output of ICeC
changes from low to high, causing transistor
Ts to conduct. As a result, T4 switches off the
current amplifier, T3, so that the output cur-
rent is interrupted, preventing damage to
the device under test. Diode D7 provides a
hold function for the actuated electronic
fuse. The output current remains off until the
PC clears the hold condition by opening
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Fig. 19. Circuit diagram of the power supply section.
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Fig. 20. Circuit diagram of the PC I/O interface, the relay control logic, and the variable-gain measurement amplifier.
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Fig. 21. Circuit diagram of the PC-controlled base current supply. Note that the 15-V supply for this circuit floats with respect to ground.

switch IC178. The overcurrent condition is
signalled to the PC via potential divider R34-
R35 and opamp IC13A.

The base current supply

Since the base current of the device under
test is either positive or negative, it is sup-
plied with reference to the positive collector-
emitter voltage terminal, ST3, or to the
negative terminal, ST5. This means that the
base current supply must float with respect
to ground — hence the separate 15-V section
in the power supply discussed earlier.

As shown in the circuit diagram in
Fig. 21, an electronic regulator based on
IC274, Ts and T7 supplies an output voltage
between 0 and 15 V, adjustable in 10 steps of
1.5 V. The required output voltage of the
regulator is supplied by a DAC based on
IC23 and a resistor ladder network, R71-Rs1
and R109. The clock input of IC23 receives the
required output voltage in digital form via

ELEKTOR ELECTRONICS APRIL 1991

optocoupler IC21. Following a reset (via
pin 11 and IC19), the first clock pulse that ar-
rives via the optocoupler sets an output volt-
age of 1.5 V. Every clock pulse increases the
output voltage of the resistor network by
1.5 V, until the maximum value of 15 V is
reached.

Relay Res takes the required output volt-
age (at the collector of T7) to the switches
contained in IC25 and IC26, and to the con-
tacts of relays Re1, Re2 and Re3. Next, resis-
tors Rs2-R99 convert the output voltage of the
regulator into a proportional base current for
the device under test. When, for example, the
contact of Rel is closed, a regulator output
voltage of 15 V corresponds to a base current
of 100 mA, and one of 1.5 V to 10 mA. Smal-
ler base currents, starting at 1 pA and up to
10 uA, are generated in a similar manner.
The total number of available base currents
is 130.

The previously mentioned reference ter-
minal, ST3 or ST5, is selected with the aid of

two relay clusters, Res-Res-Re7 and Res-Res-
Reio.

The base current supply is also capable of
generating a gate voltage for the testing of
FETs. This is achieved by opening the con-
tact of Res, so that the collector voltage of T7,
reduced by R105-R107, is fed to the relevant
test terminal via electronic switch IC26 (from
pin 2 or pin 4 to pin 3) and relay Re1.

The PC determines which switch, IC25 or
IC26, is actuated. This selection is effected via
optocouplers to ensure that the base current
supply floats with respect to ground. The ac-
tual selection is carried out by means of clock
pulses. Five pulses are applied to the two in-
puts of 8-bit shift register IC22, a Type 4015.
Each clock pulse causes the relevant data
level to be loaded. After the fifth clock pulse,
IC24 receives a latch pulse from IC18. This
pulse enables IC24 to copy the 5-bit wide da-
taword supplied by IC22. The outputs of
IC24, pins 2, 5, 7, 10, and 12, then drive the
output multiplexers, IC25 and IC26.



TEST AND MEASUREMENT

Construction

All circuits discussed so far are accommo-
dated on a single, double-sided and
through-plated printed-circuit board. The
size of this board is approximately 337 x
100 mm, to which 8 mm must be added for
the bus contact area.

Before assembling the kit, it is recom-
mended to read this entire section. This will
help you keep a few points in mind that re-
quire special attention.

The construction of the printed-circuit
board follows the component mounting plan
printed on the PCB and shown separately in
Fig. 22. Start with fitting the low-profile
parts, followed by the higher parts, and
solder each of these at the solder side of the
board. Soldering at the component side is
not required since the board is through-
plated. During the construction, pay atten-
tion to the following points:

1. Transistors T1 and T2, and voltage regula-
tor IC29 are fitted horizontally on to the

board, without heatsinks, and without
screws to secure them.

2. The output transistor, T3 (a BD250C) and
the positive voltage regulator IC2 (a 7815) are
also fitted horizontally. Both components
are, however, secured to the board by means
of an M3x6 mm screw and a single M3 nut.
The tinned copper PCB surface underneath
these components has no solder resist mask,
and assists in cooling the devices.

3. The ferrite transformer, Tr1, is fitted with
the side with terminals 1 and 5 on it pointing
to transistors T1 and T2. The terminals
marked 6 to 10 point to capacitor C7. Note
that although the symmetrical arrangement
of its connecting terminals allows the trans-
former to be fitted the other way around
from indicated, this must not be done for
electrical reasons.

4. Electrolytic capacitors Ce and C10 must be
fitted horizontally.

COMPONENTS LIST

5. Inductors L1 and L2 are mounted as close
as possible to the PCB surface.

6. A total of five wire links must be fitted on
the board. The first is about 30 mm long and
runs underneath IC13 (a 74HC244) as shown
on the component overlay. Use the insulated
wire supplied with the kit, and take care to
avoid short-circuits with the nearby IC pins.
The remaining four wire links have a length
between 180 mm and 210 mm. As shown on
the photograph of the assembled board, one
wire connects the two points marked A, one
the two points marked B, one the two points
marked C, and one the two points marked D.

7. A part of the circuit has a metal screening
box around it. This screening serves to en-
sure the noise margin of the preamplifier,
and surrounds the circuit sections that take
care of the voltage setting, the current meas-
urement, and the amplifier gain selection.
These functions involve ICs, IC7, ICs and
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W‘I{S I' AND MEASUREMENT

Component

Measure Printer

File Quit

Fhtelp BHard Copy FSave PHload

IC17. The screening around these sections is
fitted at the component side as well as at the
solder side of the board. A cover is fitted on
both screens.

First, bend the metal plate to give the box
the required shape, and join the ends of the
plate by soldering them where they meet.
Next, place the 15-mm high screen on to the
component side of the board. The small slots
in the plate are to clear some parts on the
PCB, preventing the underside of the screen
causing short-circuits between PCB tracks.
Solder the inside of the screen flush to the
tracks it rests on, except where insulated
tracks pass underneath the slots. A similar
screen with a height of 4 mm is secured to
the solder side of the PCB. Here, the same
measures apply as regards the tracks that
must be left clear by the underside of the
screen. At the solder side of the board, the
component terminals inside the screened
area are cut to a length of 1 to 2 mm to pre-
vent short-circuits when the cover is fitted.

Once again check the screened areas on
the PCB for short circuits, then fit the covers
atboth sides, and solder these securely to the
screens. The cover at the component side of
the PCB is positioned such that the hole for

EEER  tewsere

Printer

~

PP-Transistor

enknown FET/mixer-FET
Diode
Thyristor

Triac

BBV NS w

Fi-Help F2-Hard Copy F3-Save

H-Chamne! Junction—FET/-Depletion—0SFET
P-Channe! Junction—FET/-Depletion—0SFET
H-Channe| Enhancement-HOSFET

" PChamne! Enbancement MOSFET

the off-set adjustment is over preset R42.

8. Secure the two angled aluminium pieces
to the lower side of the PCB with the aid of
two M3x5 mm screws and associated nuts.
As shown in the photograph of the com-
pleted board, these brackets are used to se-
cure the fixing bracket to the PCB.

9. Finally, twist the three 1-m long flexible
wires to make the cable used for connecting
the testable devices to the circuit. Insert the
cable through the rubber grommet in the
PCB plate, and make a knot at the inside to
create a strain relief. Connect the red wire to
ST3, the yellow wire to ST4, and the blue
wire to ST5. The other ends of the wires are
fitted with miniature insulated crocodile

L‘]ip\.

Adjustment and first run

Switch off the PC, open it and remove a fix-
ing bracket associated with a free slot. Fit the
completed card into this slot, and bolt the fix-
ing bracket to the rear casing of the PC. Con-
nect an unused disk supply cable in the PC
to the connector below capacitor C¢ on the

File Quit

E88gunsx
ssssss

F4-Load

PCB. This connection carries the high current
(2.2 A max.) 12-V supply voltage required
for the on-board switch-mode power sup-
ply.

Switch on the PC, but do not yet run the
software for the semiconductor tester. At
power-on the hardware on the insertion card
automatically switches to the most sensitive
measurement range, in which the three ad-
justments described below are to be carried
out.

All measurements are carried out with a
multimeter, with reference to AG1 (analogue
ground). Connect the negative terminal of
the multimeter to the lower terminal of
power resistor R9 (this terminal is located
about 6 mm to the left of the ELV logo, below
C10). Connect the positive lead of the
multimeter to pin 9 of ICs. Next, adjust
preset R118 until the reference voltage of the
ADC, IC4, is 1.000 V.

Next, adjust preset R16 until the reference
voltage at pin 15 of IC3is +2.55 V.

To adjust the off-set of the measurement
amplifier, connect the positive lead of the
multimeter to pin 6 of the ADC, IC4. Insert
the trimming tool through the hole in the
cover of the screening box, and adjust preset
R42 for a multimeter reading of 0.00 V. A
tolerance of £10 mV is acceptable here. This
completes the adjustment of the insertion
card.

The software supplied with the kit pro-
vides semi-automatic tests of the most essen-
tial parts of the circuit. The installation of the
control software is straightforward, and re-
quires no further detailing at this point. The
hardware address setting of the card is ac-
complished with the two 4-way DIP switch
blocks at either side of IC12, a 741.5688. The
right-hand switch block corresponds to the
contacts marked 2 to 5, and the left-hand
switch block to contacts 6 to 9.

In cases where the default address, 300y,
can not be used, the DIP switches are set to
the required address. More information on
how to do this in hardware and software
may be found in the READ.ME file on the
distribution diskette supplied with the kit.
Ready-assembled semiconductor tester
cards supplied by ELV are set to operate at
address 3004. Fl

Reference:

1. Integrated-circuit tester". Elektor Electro-
nics December 1989.
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SURF GENERATOR

Those of you who have
ever spent a summer’s day
at the beach will affirm that
the sun, the wind, the sand
and the water can have a
reposing effect (we're not
talking about the bikinis
here). Interestingly, the
sound of surf alone is
reported to evoke
impressions of the ocean,
so that it can be used as a
perfectly healthy and
non-addictive ‘tranquilizer’

in these hectic modern days. We do not kno
can help you feel relaxed, or fall asleep quicker.

electronic circuit presented here provides a quite convincing imitation of the sound of

ocean surf.

o\

from an idea by W. Cazemier

ET’s leave the subjects of applied psy-

chology and summer pleasures, and re-
turn to more familiar ground with the
discussion of the block diagram of the surf
generator shown in Fig. 1. In the lower left-
hand corner of the diagram we find a noise
generator. The output of this generator is
passed through a voltage-controlled filter
(VCF) and a voltage-controlled amplifier
(VCA). The operation of the VCA and the
VCF is controlled by a single voltage. In the
case of the VCF, the control voltage deter-
mines the frequency response of the filter,
while in the case of the VCA it determines
the gain or attenuation of an amplifier. The
latter function may be compared to that of a
volume control with electronic drive. The
control of the VCF and the VCA allows a
wide variety of ‘noisy’ sounds to be pro-
duced. As shown in the block diagram, the
VCA may be followed by an AF power am-
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Fig. 1. Block diagram of the surf generator.
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plifier with sufficient output power to drive
a small loudspeaker.

The VCF/VCA control voltage is gener-
ated with the aid of three pulse generators,
whose output signals are mixed. A filter at
the output of the mixer provides some
smoothing of the control voltage. The result
is a quasi-random control voltage, whose er-
ratic character is just what we need to imitate
the sound of surf.

Three pulse generators

The circuit diagram in Fig. 2 shows the three
pulse generators based on opamps IC1a, IC1b
and ICic. Each pulse generator is derived
from the ‘classic’ square-wave generator,
whose basic layout is shown in Fig. 3a. The
duty factor (pulse on/off ratio) of this gener-
ator is 0.5. By changing the duty factor, the

FF

906118X-13a

I 906118X-13b

Fig. 3. Basic square-wave generator (a)
and variable-duty factor pulse generator (b).

square-wave generator is turned into a pulse
generator. Usually, the duty factor is
changed by making the charge time of capa-
citor C different from its discharge time. Fig-
ure 3b shows how this can be achieved.
Capacitor C is charged by Ri1+R2, and dis-
charged by Ri alone.

Returning to the circuit diagram, the +in-
puts of the three pulse generator opamps are
held at half the supply voltage with the aid
of a 5-V regulator, IC2, and resistors R3, Rs
and Ri4. The output signals of the opamps
are mixed by resistors R5, R11 and Ris. The
previously mentioned smoothing function is
realized by Re and C16. The ‘random’ control
voltage is pulled to the +10 V supply line by
Re.

Noise generator and filter

Applying an wrongly polarized voltage to a
base-emitter junction of a transistor causes a
zener effect in the diode junction. This effect
is known to cause a considerable amount of
noise. In the circuit diagram, the noise gener-
ator is formed by transistor T1 and current
limiting resistor R17.

Coupling capacitor C4 feeds the noise
voltage supplied by T1 to opamp IC1d, which
provides an amplification of about 15 times.
This amplification can be increased if desired
by making R19 larger (the maximum value is
560 k€).

The first circuit section at the output of
the noise amplifier is the VCF. The practical
realization of the VCF is extremely simple, as
illustrated by the basic schematic in Fig. 4a.
Components R20 and Cs form an R-C low-
pass filter, in which diode D4 acts as a resis-
tor whose value is controlled by Uy The
diode conducts when Uy is lower than

Circuit diagram of the surf generator. The use of the LM386-based AF power amplifier is optional.

V2U,—0.7 V, with the internal resistance of D4
decreasing with the control voltage. As illus-
trated by the equivalent circuit in Fig. 4b, the
control voltage determines the response of
the filter with the aid of a variable resistance.
The filter is most effective when the resist-
ance is low. Thus, we can set the high-fre-
quency content of the noise signal by
varying Uy

In the circuit proper, the control voltage
consists of two voltages: one is applied to the
VCF via R21 to provide the basic filter setting,
and another is applied via R22 to set the con-

Uctrt +1/2Up

906118X-14

Fig. 4. Basic operation of the VCF circuit.
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trol voltage proper. Preset P1 is used to set
the basic filter response.

VCA and power amplifier

The VCA is actually a voltage-controlled at-
tenuator. Its basic operation is illustrated in
Fig. 5a. As in the VCF, a diode functions as a
variable resistance. The diode blocks when
the control voltage, Ui, is below Y2Us. The
output voltage, U, is then nought. When
U rises above Y2Uyp+0.7 V, Ds starts to con-
duct, and its internal resistance drops as the
control voltage rises. The equivalent circuit
of the VCA is shown in Fig. 5b — the level of
U, can be set by varying Uc.

As with the VCF, the VCA is controlled
by two voltages: one for the ‘coarse’ setting,
and one for the actual variation of the vol-
ume. The latter control level is derived from
the random control voltage via R26 and a
low-pass filter, R25-C10. Preset P2 determines
the average output volume, while the second
control voltage provides the required ran-
dom variation.

A simple diode-based voltage-controlled attenuator.

The output signal of the circuit is avail-
able at terminal ‘A’, and can be fed to any
suitable AF amplifier. Capacitor C10 shunts
the generator output to limit the high-fre-
quency content of the signal.

A small AF amplifier is provided in the
circuit to enable an 8-Q low-power loud-
speaker to be driven. This amplifier is based
on IC3, the well-known LM386. If you want
to use the output amplifier, fita wire link be-
tween points A and A’ on the PCB.

Power supply and
construction

To make sure that the noise generator func-
tions properly, a minimum supply voltage of
10 V must be observed. Unfortunately, the
circuit will not work on a 9-V battery. The
half supply potential, Y2Us, is supplied by a
5V fixed voltage regulator Type 78L05 (IC2).
The +10 V supply line is decoupled by C11 at
the input of the regulator, and by C12-C13 at
the AF power amplifier.

Fig. 6. Printed-circuit board for the surf generator.
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SURF GENERATOR

Figure 6 shows the track layout and com-
ponent mounting plan of the printed-circuit
board designed for the surf generator. Start
the construction by fitting the wire links. The
ICs are best fitted in sockets. The LM386-
based AF power amplifier is optional and
may be omitted where a separate (head-
phone-) amplifier is used. When the on-
board amplifier is used, fit wire link A—A".
When an external amplifier is used, connect
its input to terminal ‘A’ and ground via a
length of screened cable.

The circuit draws about 20 mA at a sup-
ply voltage of 10 V. The supply voltage may
be furnished by a mains adapter with a regu-
lated 10 to 12V d.c. output, or by seven 1.5-V
penlight batteries fitted in one holder for
four batteries, and one holder for three bat-
teries. Whatever power supply is used, make
sure that its connecting wires are as short as
possible. This is a must to prevent oscillation
which unfortunately occurs readily in the
circuit.

Finally, the photograph in this article
show a suggested construction of the surf
generator inan ABS enclosure of dimensions
125x49x50 mm. The prototype has a built-in
loudspeaker and operates from a 9-V PP3
battery with one 1.5-V penlight battery in
series. B

COMPONENTS LIST
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Printed-circuit board for the surf generator.

Resistors:

5 68kQ R1;R6;R7;R27,
R28

1 270kQ R2

3 56kQ R3;R8;R14

3 100kQ R4;R9;R15

3 22kQ R5;R10;R13

2 33k R11;R24

1 220kQ R12

3 10kQ R16;R18;R23

1 680kQ R17

1 150kQ R19

1 1kQ R20

3 47kQ R21;R25;R26

1 3%kQ R22

2 10Q R29;R30

2 50k preset H P1,P2

1 10kQ preset H P3

Capacitors:

3 47uF 16V radial C1,C2,C3

3 100nF C4;C5,C13

2 47nF C6;,C14

1 10uF 16V radial Cc7

2 220nF C8,C9

1 12nF c10

1 1000uF 16V radial c12

2 220uF 16V radial C15;C16

1 47pF 16V radial C17

Semiconductors:

1 BC107 T1

5 1N4148 D1-D5

1 LM324 IC1

1 78L05 IC2

1 LM386N-4 IC3

Miscellaneous:

1 8Q 0.3W loudspeaker LS1
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DIMMER FOR HALOGEN LIGHTS

Based on an idea by H. Pet@\

Low-voltage halogen lights are becoming fashionable, which is
not surprising when one considers the advantages of these small
units. They offer low colour temperature, relatively low heat
radiation, low operating voltage, wide-angle light emission,
illumination that is two to three times brighter than that of
conventional lamps for the same energy consumption and far
better efficiency than traditional light sources.

ANY commercial lighting controls op-

erate at the primary side of a trans-
former and this means that all lights in a cir-
cuitareswitched or dimmed simultaneously.
Whena room containsanumber of lights, that
is a distinct disadvantage. The dimmer de-
scribed in this article is based on the concept
that each individual light in a two-wire sys-
tem can be remotely controlled without any
effecton the otherlightsin the system. A hand-
held infra-red remote controller provides
four functions:
¢ lighton; k’*
* light off; COLUMN © COLUMN —— [
s light brighter; SELECT DECODER

* light less bright. %Eg:f:gf OSCILLATOR
Each light is connected across the 12-V sec-

ondary of a mains transformer. To enable it ﬁl,ﬁ[,
being operated individually, it is fitted with ose4 o‘gcz 900142 - 11

its owninfra-red receiver. To enable the lights

POWER 3 Voo
I — | conTROL & Vi

ROW OUTPUT OUTPUT
DECODER CONTROL BUFFER i

| S g

DIVIDER

)
o
=

SELECT

CONONBWN

([ I
EE

" RATE
15 CONTROL

being switched on from the entrance to a
room, anadditional, fixed infra-red controller  Fig. 1. Block diagram of Plessey's Type MV500 integrated circuit.
is fitted beside the door opening.

Each remote controller has six operating
channels, so that six lights or groups of lights
can be controlled. The cost of the small re-
ceiver fitted in the lights is about equal to
the cost of two traditional light bulbs,

All switching of the lights takes place at R3 b
the zero crossing, which ensures a long life. cf
|OOMI)V
Remote control transmitter o I P 0 e |
The remote control transmitter is based on hicr r
Plessey's Type MV500 IC, the block diagram P
of which is shown in Fig. 1. Apart from a - Ic1
keyboard, an oscillator and a driver for the Heouss T
infra-red diodes, this IC contains all that is
necessary for a 32-channel infra-red trans- 81 rowoo1 ouT
mitter. Since the receiver board must of ne- By "o "ar 6x
cessity be kept small (about 5040 mm), the 1N4148
present transmitter is restricted to six chan-
nels: see Fig. 2. Because of the need to keep

the receiver board small, the circuit of the
2 < i 16 uta? 17
transmitter is rather larger than Plessey's o

standard application circuit. R4
E ea] Lot Jeu c2

.| 100 }
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o
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batt.7 gy
—t—

-

RATE A

OSC2 == 0OSC1

TheMV500ICisa CMOStype that, thanks
to the power control block, which automati- F}Op Twop toq?ov
cally switches the transmitter on or off, draws PR 3 s
analmost negligible current during quiescent
operation. When one of the keys is pressed,
the current drain from a 9-V battery is only
a few milliamperes even though the (pulsed)  Fig. 2. Circuit diagram of the remote control transmitter.

910032~ 12
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DIMMER FOR HALOGEN LIGHTS

current through the infra-red diodes is of
the order of amperes. However, the dura-
tion of the current pulses, because of the
pulse-spacing modulation, isonly about 15 s.
Moreover, the transmitter remains opera-
tional even when the battery voltage has
dropped to just below 4 V.

During quiescent operation, the greater
part of the MV500 is switched off. When one
of the keys is depressed, the power control
switches thesupply voltage toall stages of the
IC that were off before then. This causes the
oscillator, consisting of crystal X; and capac-
itors C3 and Cy, to generate a 455 kHz sig-
nal.

The voltage from the keyboard is applied
as a five-bit signal to the row and column
decoders. In these, it is converted into a se-
rial signal which, after being pulse-spacing
modulated, is available at the output, pin 1.
From there, it is applied to Ty, amplified,
converted to an infra-red signal by diodes
D, and D> and then transmitted in the direc-
tion of a receiver.

In pulse-spacing modulation, also called
pulse-interval modulation, the spacing be-
tween the pulses, rather than the pulses them-
selves,is modulated. This type of modulation
ensures low current drain from the battery
and also greater invulnerability to noise and

hum.
KEY KEY The 455 kHz signal from the oscillator is
PRESSED RELEASED 2
converted to 17 ps long needle pulses. The
“ ” spacing between the pulses varies accord-
L —g

ing to the modulating information. The di-
' I_ s |t L"l ” o vider in the MMV500 arranges for a logic 1
I I Il to be given a duration of 9 ms, and a logic 0,
” l || " ” ” ” ” || ” ” a duration of 13.5 ms. The intervals are thus
relatively long compared with the pulses. The
SYNC 0 11 0 1 SYNC O 11 1 0 1 SYNC data stream continues for as long as the key
WLyt A0 ROW3) -(coL) e is pressed. When it is released, the power con-
014213 trol removes the power supply from most of

the IC again.
The rate control outputs enable the fre-

Fig. 3. Transmission of the infra-red signal begins 2.2 ms after a key is pressed with a 27 ms long ~ quency of the transmission to be altered.
synchronization interval, followed by the actual 5-bit data stream. This is effected by a logic 1 at either of these
pins, which results in transmission rate A at

¥*
1
= - e |
R ca RS ns D 2AT 12V

4

*

g :
. it | 1N4148 68
6 7 5 |16 1 s {2 )
6 c13
1
D1 i
al
§ : L2 3 IN4148 \a|Trit
BPW41 A P e
c1 5 IC1 IC2 Tr-Oco' R3 . IC3 ~
‘P—"l—— L4 l MVE01 100 1000 SLB586 32/ TIC206D
w7 e i 13 B 4 2
=3 LAFN-TS
czl] : z R7 Lat
47 P
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E 2 E 4 g <50W [12V
c3 5 12 7 3
»——I 22n R2
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8 |14 |15 2 8 |9 2 |7
Cé cs c10 ca‘ ce c1 a D5

°
Tn'ou 1soT Tsn Taon 180p Tmn Ll 1N4002 412V

> e - >

Fig. 4. Circuit diagram of the infra-red receiver.
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a GENERAL INTEREST

pin 15 or transmission rate B at pin 14. The
pulse-pause ratio remains unchanged, how-
ever. The durations stated earlier pertain to
rate A; they are halved with rate B. Note that
the transmitter and receiver(s) must be set
tothe same transmission rate. Thereis the pos-
sibility of a third rate (A+B), which is obtained
when a logic high is applied to pins 14 and
15 simultaneously.

Keys S;-S, provide the channel informa-
tion to the row decoder; the column decoder
is not used. This atypical configuration was
chosen because the channel information is not
decoded in the receiver(s) owing to space con-
siderations.

The present system uses rate B and rate
A+B. Pin 14 is permanently connected to the
positive supply line via R;. Pin 15 is kept
low via R4 as long as no key is pressed. When
one of the keys 5,-S; is pressed, pin 15 also
goes high via the OR gate formed by Dg-Dg.
The transmitter then operateas at rate A+B.
When, however, one of keys 54-S is pressed,
pin 15 remains low and the transmit rate is
B. In this way, it is possible by adding six in-
expensive diodes to obtain operation in 2x3
channels without it being necessary for any
decoding in the receiver(s).

Infra-red receiver

Circuit ICy in Fig. 4 prepares the received
signals, IC; decodes them, and ICz undertakes
the dim function.

Circuit IC; is an infra-red preamplifier,
which is quite complex, because it must pro-
vide a clean, usable electrical signal from a
light signal that is full of spikes and con-
stantly varies in intensity. A number of au-
tomatically operating amplifier stages raise
the current of the receive diode from as low
as just below 1 uA by 68 dB. A clean PPM
(pulse period modulated) signal is provided
at the output, pin 9.

Circuit IC, decodes the serial informa-
tion into the same five-bit data word that
was coded in the transmitter. Since all sig-
nals must be processed at the transmit fre-
quency, the oscillator based on X is identi-
cal to that used in the transmitter. Resistor
R4 ensures that the crystal oscillates at its
fundamental frequency. The decoded data
is available at pin 13 (bit A), pin 14 (bit B)
and pin 15 (bit C).
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Fig. 5. The mode of operation of IC; is determined by the level at pin 2. In the fi ure, « is the phase

gating angle; U is the lamp voltage and S is the control signal: S = logic 1 and

PARTS LIST

(Transmitter)

It is, of course, imperative that each re-
ceiver responds only to the corresponding
transmit key. The selection of the appropri-
ate signal is effected by wire links J; and J».
When | is used, the transmission rate is A+B,
when it is omitted, the rate is B. The trans-
mit keys, data bits, use or omission of J;, and
position of ], are correlated in Table 1.

The on/off cum brightness control cir-
cuit is based on IC3. Since this circuit has
only oneinput, pin 6, the four functions must
be derived from the duration of the input
signal. If the pulse width is in the range of
50400 ms, the circuitarranges on/off switch-
ing. When the pulse width is greater (0.5 s to
7.6s) the IC continuously varies the phase gat-
ing angle until the control signal becomes zero.

= loglc 0.

8J0035~J

Fig. 6. Printed-circuit board for the transmitter.

The mode of operation of the circuit is
determined by the level at pin 2—see Fig. 5.

Level =0(variant A). In thismode, the bright-
ness is maximum when the light is switched
on. Dimming takes place from minimum
brightness; renewed dimming continues to-
wards maximum.
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Fig. 10. PCB for the infra-red receiver(s).
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Fig. 8. Completed infra-red transmitter.

Resistors:

Ri=47Q

R> =180 Q
Rz =100 Q
R4 =220 Q
Rs = 100 kQ
Rg = 470 kQ
Ry = 47 kQ

Capacitors:

Cy =4.7 uF, 16 V, radial

Cj = 22 nF, surface-mount
C4 = 4.7 nF, surface-mount
Cs = 150 nF

Cg = 10 uF, 25V, tantalum
C; =22 uF, 16V, tantalum
Cg, Cg = 180 pF, surface-mount
Cq9 = 15 nF, surface-mount
Cy1, C43=100 nF

Cy2 = 6.8 nF, surface-mount
Ci4=470pF, 10V

Semiconductors:
D4y = BPW41N (Motorola)
D, = zener, 5.6 V, 400 mW
D3, Dy = 1N4148
Ds = 1N4002
!C, = SL486 (Plessey)
IC2 = MVB01 (Plessey)
IC3 = SLB586 (Sielnenq ‘
Tri = TIC206D (Texas Instruments)

Miscellaneous:

X = crystal, 455 kHz

F, = fuse, 2 A, slow blow

2PCB-typewewtemlmals

J1, J2 = PCB pin strip header, double
row, 4-way, with jumper sockets

Heatsink for triac (see text on p. 58)

Plasncenclosuremem54mm

Fig. 9. Completed infra-red receiver.

Level = 1 (variant C). In this mode, opera-
tion is similar to variant A, but renewed dim-
ming reverses towards minimum.

Level = three-state (variant B). In this mode,
the phase angle at switching off is stored
and the next switch-on occurs at the same
angle. Renewed dimming reverses direction
with respect to the previous dimming.

On the printed-circuit board, pin 2 is con-
nected to earth, that is, the circuit is set for
variant A. If one of the other variants is wanted,
break the track to obtain variant B, or break
the track and solder pin 2 to pin 1 to obtain
variant C.

Resistor Ry and capacitor Cy; filter the
a.c. supply, which is then used for synchro-
nizing the internal PLL (phase-locked loop)
time base. Resistor R5 and capacitor Cy5 form
the integrating network for the time base.

Diode D; reduces to safe values the posi-
tive v olta;,,es that ensue at the gate of many
triacs when they are fired. The ll( 206D en-
ables lamps rated at up to 20 W to be con-
trolled; for higher rated lamps, a TIC226D
should be used (see also under ‘Receiver’ on
page 58).

Direct voltage is provided by rectifier Ds
regulated by R, and D5, and smoothed by Cy4.
Note that IC; requires a negative supply.

Construction

TRANSMITTER

Populating the printed-circuit board for the
transmitter—see Fig. 6 and Fig. 8—is straight-
forward.

A drilling template for the top of the en-
closure (where the six holes that will give
access to the push-button switches will be
located) is given in Fig. 7. The switches are
not seated on the PCB, but about 11.5 mm
above it. Three spacers under the board en-
sure that the push-buttons protrude through
the top of the case.

Furthermore, two small holes must be
drilled in the front of the enclosure through
which the infra-red diodes will transmit.

After the board has been completed, test



m GENERAL INTEREST

its operation with the aid of an oscilloscope
connected between the collector of T1 and
earth.

TheMV500is very sensitive to electrostatic
charges. It may well operate almost normally
after having been subjected to such a charge,
but chances are that its power-down facility
does not function properly any more. This
causes a current of more than 1 mA to flow
even during quiescent operation and this
does of course shorten the life of the battery
quite considerably.

A chromium reflector placed behind each
of the infra-red diodes increases its operat-
ing range by 40-50 per cent. If that is still not
sufficient, resistor R, may be short-circuited.
Thisincreases the current through the diodes,
however, and thus shortens the life of the
battery.

RECEIVER

The completion of the receiver printed-cir-
cuit board—see Fig. 9 and Fig. 10—is not so
straightforward. Because of lack of space, five
surface-mount capacitors are fitted at the
track side of the board. Great care must be
exercised during the soldering of these com-
ponents to make sure that no tracks are short-
circuited.

Resistor R3 should be shrouded in insu-
lating tape or inserted into a length of insu-
lating sleeve to prevent its connecting wire
touching the adjacent a.c. supply terminal.

Thetriacis soldered atthe underside of the
board insucha way that itsinscription points
towards the board: this makes it possible to
fit the heatsink as shown in Fig. 11. A tem-
plate for the heatsink is shown in Fig. 12.
The heatsink is made from 2 mm thick alu-
minium sheet. Note that this suffices for lamps
rated at up to 20 W only. If lamps of up to
40 W are tobe used, a more substantial heatsink
is required, for instance, a 50 mm longType
SK59 (5K/W).Lamps of 50 W requirea 75 mm
long Type SK59 (6 K/W). Furthermore, it is
advisable to use a Type TIC226D triac (which
can handle currents of up to 8 A) instead of
the TIC206D (which can handleup to4 A only).
Lastly, the printed-circuit board can cope
with the temperature of lamps rated up to
20 W; higher rated lamps must be fitted ex-
ternally, for instance, as shown in the photo-
graph on page 55.

Do not yet fit any of the ICs or halogen
lamps. When an alternating voltage of 12 V
is connected across the supply terminals marked
~, there should be a direct voltage of about
5.5 V across C14. If this is so, disconnect the
12V supply, discharge C14, and insertIC1 into
its socket.

An oscilloscope connected between pin 9
of IC1 and earth should show the PPM sig-
nals whenever one of the push-buttons on the
transmitter is pressed

Next, insert IC2 into its socket. A high
logic level should appear at its pins 13 and
15 when the corresponding button on the trans-
mitter is pressed. When this test is success-
ful, insert IC3 into its socket and fit the lamps
on to the board. When then the correspond-
ing button on the transmitter is pressed, the
lamps should light. |

e G
TS S s < PCB
spacer, 3 mm
insulating nut
mica washer
heat sink

900142- 19

Fig. 11. Construction of the triac and its heat sink to the underside of the PCB.
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Fig. 12 Template for the heatsink for the triac. Fig. 13. Template for drilling the top of the receiver
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6-metre band converter

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

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

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

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

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

Multifunction measurement
card for PCs

January and February 1991

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

ELEKTOR ELECTRONICS JUNE 1991

CORRECTIONS

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

Dimmer for halogen lights

April 1991, p. 54-58

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

RDS decoder

February 1991, p. 59

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

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

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

S-VHS-to-RGB converter

October 1990, p. 35-40

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

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

The components list should me modified to
read:

6 33nF C57-C62



O KEEP the AM/FM tuner as small as

possible, Philips have housed the TEA5591A
not in a standard DIL package, but in a so-
called shrink-DIP, of which the pins are not
ona(.1in.butona0.07in. grid. Consequently,
the device is no longer than a standard 16 pin
DIP circuit, but it is 0.1 in. wider.

Inside the TEAS5591A

From the block diagram in Fig. 1 it is seen
that the TEA5591A contains two separate
receivers, both superhets. The FM section
receives the incoming signal via a wideband
antenna circuit and pin 2. From there, the
signal is amplified and then applied to a
mixer via a parallel-tuned circuit.

In the mixer, the signal is mixed with an
oscillator signal, which is also controlled by
a parallel-tuned circuit. The oscillator is com-
bined with an automatic frequency control
circuit—AFC—which only needs an exter-

nal buffer capacitor.

The outputof the mixerisapplied toan ex-
ternal filter and from there to the first (inter-
nal) IF amplifier. From there, it is again fil-
tered externally and then applied to the sec-
ond IF amplifier.

Finally, thesignal isdemodulated inan FM
discriminator. The resulting audio frequency
signal is output via pin 11.

To prevent the AM receiver simultaneously
delivering a signal to pin 11, the power sup-
ply to the AF stages is taken to earth via pin
14 during the reception of FM signals. Similarly,
during AM operation, the supply to the FM
IF stages is earthed via pin 5.

Broadly speaking, the AM section is sim-
ilar to the FM section. There s, however, adif-
ference in the input circuits: instead of a
wideband antenna circuit, the AM section has
atuned antenna circuit, the inductor of which
is formed by a ferrite antenna.

The amplified RF signal is applied to a

AM-FM RECEIVER

The Type TEA5591A IC from Philips contains virtually
all the electronics for an AM/FM tuner: all that needs to
be added are a few tuned circuits. Moreover, adding a
stereo decoder and an output amplifier results in a
compact, state-of-the-art radio receiver.

mixer together with the output of an appro-
priate oscillator.

The mixer is followed by IF filters and an
IF amplifier. The output of the IF amplifier
controls the automatic gain control—AGC—
circuit. The AGC holds the outputs of the [F
amplifier and mixer substantially constant
in spite of variations in the RF signal.

The output of the IF amplifier is demod-
ulated by a suitable detector and the conse-
quent audio signal is applied to pin 11.

Circuit description

The diagram in Fig. 2 shows the receiver
complete with stereo decoder, IC;, and a
stereo output amplifier, IC3, which can de-
liver about 2x1 W into 8 Q.

Inductor Ly and capacitor C; form the
wideband input circuit for the FM receiver.
The tuned circuit for the RFamplifieris formed
by L7 and one section of a 20 pF tuning ca-

Y f 18V
serlal circult tuned circuit - tuned circult filter filter § fitter
12 124 122 [21 120 Jis ls la 7 110
1 l AFC ik
FM - oscillator iransmitter indicator
RF amplifier (FM) FM - mixer IF amplifier (FM) IF amplifier (FM) FM discrimls
1 .
RF amplifier (AM) AM - mixer IF amplifier (AM) AM d:
| h
» .
16V s
,-@ 1.1-1.6 V (decoupled) AM - oscillator AGC - circult < power supply (AM)
18V
< power supply (FM-IF)f—4
18V
front - end IF (FM) power supply
L (FM-RF)
f! [19 3 9 ) (E 17 [is T2 Iw 4 5 23
tnedcircuit f———~=======9 tuned circuit filter filter I
S
ferriy sionnn 910021 - 11

Fig. 1. Block diagram of the Type TEA5591A single-chip AF/AM receiver from Philips.
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pacitor.

The oscillator for the FM section is tuned
by L and a second section of the tuning ca-
pacitor.

The first FM IF filter is formed by L5 and
Cy2, while the second FM IF filter, K}, is a ce-
ramic type.

A second ceramic filter, K5, ensures correct
operation of the FM discriminator.

The 50 us time constant for the correct
de-emphasis is provided by the internal re-
sistance at the AF output pin 11 (2.4 k) and
capacitor Cs.

The antenna tuning for the AM section is
carried out by Lg and the 140 pF section of
the tuning capacitor, while the oscillator is
tuned byL and the 82 pF section of the tun-
ing capacitor. Since the AM sections and the
FM sections of the tuning capacitor are elec-
trically interlinked, Ly and Lg form a trans-
former. In that way, the AM section remains
electronically separated from the FM sec-
tion.

The AM section contains two IF filters
formed by L,-Cj; and L3-Cg respectively.

Switch S; selects either AM or FM. When
itis in the FM position, the power supply to
the AM section is earthed, whereas when
AM operation is selected, most of the FM
section is without power.

The AF signal at pin 11 of IC; is applied
tostereodecoderIC,,a Type TDA7040T (Ref. 1).
This chip occupies only 0.25 cm?2 of space. It
may be switched to mono operation by con-
necting pin 7 to the positive supply line via
a 4.7 kQ resistor. The same pin may be used

@ RADIO, TELEVISION & COMMUNICATIONS

todriveastereoindicator viaa transistor stage
(mono is logic high; stereo is logic low).

The output of the decoder is taken to the
output amplifier, IC3, a Type TDA7053, via a
stereo potentiometer, which is combined with
on/off switch S,.

Each of the two short-circuit-proof bridge
amplifiers in IC3 delivers about 1 W into an
8Qloudspeaker. Theadvantage of bridgeam-
plifiers is that they deliver more power for a
relatively low supply voltage (minimum3 V)
than most other types of amplifier.

If modern, lightweight headphones are
to be used, these can only be driven by one
half of each of the bridge amplifiers (since they
have only three instead of four connections).

They are connected to theamplifiers via 100 uF
electrolytic capacitors. Their common con-
nection is taken to earth. The capacitors are
necessary because the outputs of the ampli-
fiers have a d.c. component of some 2 V.

In spite of the excellent properties of the
tuner, it is not advisable to connect it other
than via a 19 kHz band-stop filter to a hi-fi
installation, because the output signal (dur-
ing FM reception) contains a strong 19 kHz
pilot tone. When the loudspeakers are con-
nected to the TDA7053, this tone does no
harm, but if it were amplified in a hi-fi in-
stallation, the tweeters might not be able to
cope with the level.

Ifitis intended to use the TDA7053 regu-
larly at full volume, bear in mind that the peak
current is 1 A. This requires a medium-duty
power supply instead of a simple set of bat-
teries. In portable use batteries are, of course,
the only possible supply. If only headphones
are used, the batteries will give a long life,
since the quiescent current is only 30 mA.

Construction

The receiver is best constructed on an exper-
imental printed-circuit board as shown in
Fig. 3. Note that this board is not available
ready made. When preparing the board, a
number of points need to be borne in mind:
for instance, Ly must be placed very close to
the tuning capacitor. Furthermore, near pin
30f1C; acommon earthing point must be pro-
vided for all h.f. returns. Similar multi-con-
nection points must be provided near the neg-
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Fig. 2. Circuit diagram of the (portable) AM/FM receiver based on the TEA5591A.
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ative supply input terminal (circuit earth) and
near pin 14 of IC; (power supply to AM sec-
tion).

The tracks to pins 22 and 24 must be nar-
row to keep parasitic capacitances low. The
track to pin 24 must be very short.

Toavoid feedback problems, the ferritean-
tenna must be as far away from the AF out-
put (pin 11) as possible.

Inductors L5, Lg, and L; are commercially
available Toko types (although your dealer
almost certainly will not have them in stock,
but he can order them); all others must be
madeindividually. The coil formers specified
are all Toko types.

Alignment

1. Set all trimmers to their mid position.

2. Couple an RF signal generator, set to AM
and tuned to 468 kHz, to the ferrite antenna
via a few turns of wire around it.

3. Adjust L, and L3 for maximum AF out-
put at pin 11 of IC;.

4. Detune the signal generator to check the
symmetry of the IF filters; adjust the filter(s)
if necessary.

5. Tune the signal generator to 520 kHz and
set the tuning capacitor to maximum capac-
itance.

6. Adjust Ly for maximum AF output.

7. Tune the signal generator to 1600 kHz
and set the tuning capacitor to minimum ca-

pacitance.

8. Adjust the trimmer of the oscillator cir-
cuit for maximum AF output.

9. Repeat steps 5, 6, 7, and 8, in that order, a
number of times until no more adjustments
of Ly and trimmer are necessary.

10. Tune the signal generator to 600 kHz and
set the tuning capacitor to maximum capac-
itance.

11. Adjust Lg (by shifting the coil on the fer-
rite rod) for maximum AF output.

12. Tune thesignal generator to 1500 kHzand
set the tuning capacitor to minimum capac-
itance.

13. Adjust the trimmer of the AM RF circuit
for maximum AF output.

14. Repeat steps 10,11,12,and 13, in that order,
until no more adjustments of Lgand the trim-
mer are necessary.

Note thattuning theantenna circuitbelow
the two extreme frequencies ensures optimum
synchronization of that circuit and the oscil-
lator circuit.

15. Loosely couple the signal generator to
the FM antenna circuit,

16. Set the signal generator to FM and tune
it to 10.7 MHz.

17. Adjust Ls for minimum distortion on the
AF output signal (either on a scope or by lis-
tening to it).

18. Tune thesignal generator to87.5 MHzand
set the tuning capacitor to maximum capac-
itance.

AM/FM RECEIVER

19. Adjust Lg for minimum distortion of the
AF output signal.

20. Tune the signal generator to 108 MHz
and set the tuning capacitor to minimum ca-
pacitance.

21. Adjust the trimmer of the oscillator circuit
for minimum distortion of the AF output.
22. Repeatsteps19,20,21,and 22, in that order,
until no further adjustments of coil and trim-
mer are necessary.

23. Set the signal generator to 88.5 MHz and
set the tuning capacitor to maximum capac-
itance.

24. Adjust L7 for minimum distortion of the
AF output.

25. Tune the signal generator to 107 MHz
and set the tuning capacitor to minimum ca-
pacitance.

26. Adjust the trimmer in the FM REF circuit
for minimum distortion of the AF output
signal.

27. Repeatsteps 23,24,25,and 26, in thatorder,
until no furtheradjustments of Lyand the trim-
mer are necessary.

28. Connect pin 8 of IC; to earth.

29. Connect a 5.6 kQ resistor between pin 7
of IC; and the positive supply line.

30. Connect a frequency counter between
pin 7 of IC; and earth.

31. Adjust R; for a reading of 19 kHz on the
counter. -]

Reference: “SMA FM stereoreceiver”, Elektor
Electronics, September 1987, p. 51.
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INDUCTOR DATA

L; = air-cored, 12 uH, inside diameter
4.5 mm; 4.5 turns of 0.8 mm dia. e.c.w.

L = 665 pH: former TMCS: ny.» = 14
turns, ny.3 = 132 turns. ng¢ = 7 turns
0.07 mm dia. e.c.w.

L3 = 665 uH; former 7TMCS; nj» =33
turns, ny.3 = 133 turns, 0.07 mm dia.
e.C.W.

L4 = 270 pH: former 7BRS: nj_3 = 86
turns, ng.¢ =4 turns, 0.07 mm dia. e.c.w.

Ls=119ACS/30120N

Lg = 301SN0100

L7 = 301SN0200

Lg = ferrite rod 10x60 mm; 625 uH;
ny.>= 105 turns, n3 4= 10 turns, 0.1 mm
e.c.w.; wind coils on 10 mm outside
diameter paper tube.

e.c.w. = enamelled copper wire

The tuning capacitor has AM sections
of 140 and 82 pF, and FM sections of

2x20 pF; each section is shunted by a
5-10 pF trimmer (e.g., Toko FE22124)

Fig. 3. Experimental printed-circuit board for the AM/FM receiver. Track layout is mirror image.
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INDUCTOR DATA

Ly = air-cored, 12 uH, inside diameter
MLIM D20 M 4.5 mm; 4.5 turns of 0.8 mm dia. e.c.w.

0lgAA  03A3T2 MAWMA

L, =665 puH; former 7MCS; ny, = 14
turns, ny.3 = 132 turns, ng¢ = 7 turns
0.07 mm dia. e.c.w.

L3 = 665 puH; former 7MCS; ny.o = 33
turns, ny.3 = 133 turns, 0.07 mm dia.
e.c.w.

L4 = 270 pH; former 7BRS; n;_3 = 86
turns, ng=4 turns, 0.07 mmdia. e.c.w.

Ls=119ACS/30120N

L¢ =301SN0100

L7 = 301SN0200

L)

Lg = ferrite rod 1060 mm; 625 pH;
ny.2 =105 turns, n3 4= 10 turns, 0.1 mm
e.c.w.; wind coils on 10 mm outside
diameter paper tube.

e.c.w. = enamelled copper wire

The tuning capacitor has AM sections
of 140 and 82 pF, and FM sections of
2x20 pF; each section is shunted by a
5~10 pF trimmer (e.g., Toko FE22124)

Fig. 3. Experimental printed-circuit board for the AM/FM receiver. Track layout is mirror image.
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