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Analog Engineerings Transient Intermodulation Distortion
Measurement System, used in Britain by Mission Electronics.

signals can be described in a form that is useful to the
engineer and related to the structure of the music signal
at that instant. Unfortunately this test show that, as yet,
no perfect amplifier exists — each type of amplifier
circuit produces its own particular types of “‘transient
error.

Out of The Rut

A few years ago power-amplifier design had settled
into a satisfying rut. In the U.K., the Quad 303 and the
Cambridge P-Series had achleved very satisfactory
performance figures and they were generally considered
to be good amplifiers. In the U.S.A. the Crown DC300
hac achieved an almost theoretically perfect specifica-
tion and was hailed as ‘'State of the Art.”

However, the first crack to appear was caused by new
loudspeaker designs. Some had very demanding
impedance curves which in some cases presented a 2
Ohm load to the amplifier. Such a low value of load
(almost a short circuit to some minds!) operated protec-
tion circuits in many amplifiers, limiting the current to
protect the output transistors.

The operation of these caused a very unpleasant

“‘clipping’’ sound in some cases and even strange
“clicks’* and ‘‘bangs’’ in other cases. Thus alerted it
became apparent to some designers that conventional
protection circuits were turning partly-on quite
frequently in the course of a piece of music and so giving
a sort of premature clipping action.
Without any doubt the best results are achieved when
the output stage is devoid of any protection AT ALL. The
output stage should be designed to deliver all the current
a load demands without limiting. Consider the repro-
duction of a bass drum. If the amplifier starts to limit the
start of the “'thump’’ the sound pressure will collapse
and the bass-drum will appear to have no body and thus
sound unrealistic.
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A study of the circuit of a conventional V- protection circuit wilt
show that as the protection transistors turn-on they become a
‘non-linear resistor’ across the bases of output transistors Q3
and Q4 and as such create unpleasant distortion. One solution
tried by some companies was to slug the bases of Q1 and Q2
with a capacitor to provide a time-delay to prevent the protection
operating except during a sustained short-circuit.
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In this protection circuit the FET starts to turn-on when full-
power is delivered into a 2 Ohm load. The main advantage over a
conventional protection circuit is that the limiting is “‘soft’’ {i.e.
very gradual) and thus audibly acceptable and secondly that the
distortion is much lower — and still only about 0.1 % at limiting.

The output-stage should ideally be able to sink the full
energy of the power-supply until its regulation causes
the current to limit progressively. So in a good amplifier
design the output-stage and the power-supply must be
designed as a single item and not as separate circuits.
Several amplifiers are designed like this. The Lecson
AP3 Mk il, the BGW models 500 and 750, and the
Mission Power Amplifier. The Lecson AP3/11 can, for
instance, deliver nearly 20 Amps to the load before the
mains fuse blows and the BGW model 750 even more.

| 2
19




FEATURE : HI-FI Amps

/NP

DC&AC FEEDBACY,
- —M -

{F’- T

. —0
’ —Ve
I
4o
1 o
Circuit diagram showing a typical circuit
which would prove to be prone to DC!
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1f the amplifier now has to drive a capacitive load eg. -

‘electrostatic speakers, or complex crossover networks;
another pole is added at the output eg.—
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Above: Effect of adding an extra pole at the output of an
unconditionally stable amplifier, such as might be added by a
complex crossover network. Below: Same condition applied to
marginally stable type. Phase shift now borders on 180°, i.e.
oscillation.
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In the case of the inconditionally stable amplifier the
only ill-effect will be some “ringing’’ in the closed loop
step response — but in the case of the marginally stable
-amplifier it may go completely unstable. The most
popular “‘belt and braces’’ solution to this problem is to
fit a resistor-inductor network at the output to “‘cancel-
out”” the effect of the capacitive loading, thus:

‘Ever wondered what this circuit in the output of an amplifier is
for? Wonder no more — it's to aid the output stage in handling a
capacitive loading by partially cancelling the effect.

It is interesting to note that some marginally stable
amplifiers omit those components as, in the practise,
most speaker cables have sufficient resistance and
inductance. However, some of the new “"Super-Cables””
(Litz and Lucas, etc) have a very low resistance and
almost no inductance but some capacitance — and their
use with certain amplifiers has caused instability, with
the amplifier. (or speakers) eventually blowing-up!

ET1

Next month Stan Curtis goes on to consider the
effects of phase and bandwidth (amongst other
odd things) upon amplifier performance and asks
what do we want from an amplifier? — The answer

‘may surprise you all!
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PROJECT

[ LCD DIGITAL
MULTIMETER

A Digital Muiltimeter is, in our opinion, a must in any well equipped electronics

workshop and A. S. Webb BSc, of Watford Electronics, has designed just such a
meter that can be built for less than half the cost of an equwalent commercial unit.

PSST! — WANT A DMM that has
five DC and five AC ranges of both
voltage and current as well as six
resistance and four capacitance
ranges at a price that is far less than
any equivalent commercial unit?
You'll have to build it yourself of
course—but then that’s half the fun
and if you follow the construction
information exactly and make use of
the calibration service we have
arranged, your meter should perform
accurately and reliably for many
years.

The basis of the DMM is the
Intersil 7106 digital panel meter IC
{featured in October/March "77)
which has excellent linearity and
auto zero facilities and directly drives
the 3% digit Liquid Crystal Display.
The low current consumption of this
device enables the unit to be battery
powered and hence completely
floating from the circuit under test.

This project is aimed at the more
‘experienced constructor due to the
fairly high component density and
reasonably intricate switch wiring,
and should not be attempted unless a
soldering iron bit of less than Ysin
and small pliers and cutters are
available.

Handling Of Components

The usual precautions must be
observed when handling the MOS
devices used in this project, but it
may not be realised that other
components are liable to damage
-through mal-treatment. The 1%
precision resistors should be handled
with respect, their wires bent with
pliers and soldered in as quickly as
possible, since excessive heat may
permanently alter their resistance
values and the switch wafers shouid
be handled with care prior to >
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Fig. 1. View of the final unit. Note, in order to ensure that the input sockets do not
foul the PCB yet allow the probes to be inserted, the sockets should be mounted

10mm from the bottom of the case.

Input Impedance
Display
DC & AC volts

DC & AC current

Resistance
Capacitance

Accuracy

Overrange Indication
Polarity Indication
Autozero

Display Test

Input Protection
Power Consumption

SPECIFICATION

10M

32 digit LCD

200 mVto 1 000V

in 5 ranges, resolution

to 0.1 mV

200uAto 2 Ain

5 ranges, resolution to

0.1 uA. Max. voltage drop
200 mV. RMS reading on
sine waves only.

200R to 20M in

6 ranges, resolution

to OR1.

2n0 to 2u0 in

4 ranges, resolution

to 10p

1% = 1 digit (on prototype)
1in MSD, other digits blank

5mA average, single
9 V supply
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DISPLAY DRIVES

The segments of the LCD display are
directly driven by the ICL7106 (pins 2-19
and 22-25) in conjunction with pin 21 (back-
plane drive). Liquid Crystal Displays will
become damaged if a DC voltage is con-
tinuously applied to them and must be driven
with an AC signal. To turn on a segment a
wave form of equal amplitude but 180 de-
grees out of phase with the square wave
backplane drive must be applied to that
segment.

The 7106 generates the appropriate seg-
ment drives for all digits internally, but the
drive signals for the decimal points and
polarity indication segments are generated
by external circuitry.

The decimal point drives are provided by
the components around IC2C,D and IC3D.
These are two input exclusive OR gates
driven by the backplane square wave and by
voltages from the range switch.

Consideration of the truth table of an
exclusive OR gate will show that with the
backplane square wave applied-to one input

we can produce an output from the gate that-

is the inverse of this signal (segment on) by
taking the other input to the gate high.

SW2D activates the appropriate decimal
point. ’

Polarity indication is provided by the
circuitry around IC3A,B and C. '

The signal at pin 20 of IC1 can be used to
drive the minus segment directly, that is its
output is a square wave out of phase with the
backplane drive when a negative signal is
applied to the 7106, in phase when the input is
positive.

However, in this circuit we provide a +
sign for positive inputs (formed from - and-:
segments) and a - sign for negative inputs. As
the output from pin 20 drives the colon it is,
usually, necessary to invert it in IC3B,

Outputs from the AC and capacitance
stages are negative and in this case IC3D
takes care of blanking the polarity display.

The resistance range is arranged to show
only the colon.

The control inputs of the decimal point

gates and the wiper of SW1G are connected
to IC1 pin 37. This pin is normally held at a
voltage 5V below V +. By taking this pin to
+V supply all segments of the display will be
“turned on”. This display test, enabled by
shorting the two pins on the PCB, should
only be activated for a few seconds as pro-
longed operation will drastically reduce
display life.
- A stable source of reference voltage is
required at many points in the DMM circuit.
The 7106 provides just such a voltage, PIN 32
(common) being maintained at a voltage 2.8
V below the positive rail.

This reference voltage, as well as being
used elsewhere in the circuit, provides the
basic reference voltage for the 7106’s input
circuitry. The 7106 is calibrated to a 200mV
full scale — to accomplish this 100mV
potential difference must be set up between
Ref Hi and Ref Lo (pins 36 and 35 respec-
tively). e -

This voltage is derived from the potential

«divider formed by RV1 and R26.

~ C9 and R27 set up the 7016’s internal
oscillator frequency while C7, 8 and R25 are
concerned with the auto zero and polarity
circuits.

Having dealt with the components in-
timately associated with IC1 we now move
on to deal with the rest of the DMM circuit.

DC Voltage & Current Ranges.

. SWI1 is the function switch and when set to
DC volts, the five DC voltage ranges are

—HOW IT WORKS—

- selected by SW2B, which is connected to the
input alternator. The input resistance is
always more than 10M, and exact division is
achieved by using precision 1% resistors
throughout the chain. The voltage selected
by the wiper is fed via SWIF and a 1M
resistor to pin 31. This resistor and a capaci-
tor to ground serve to filter any noise, and
also to limit the current fed into the input
should an overload voltage be applied. With
SW1 set to DC current ranges, the input
current is passed through one of the five
current measuring resistors. The maximum
voltage across one of these is 200 mV at full
scale. The 2 A range is connected by a third
socket on the front of the case, since a few
‘milli ohms of switch contact resistance
would produce a significant error. The unit is
protected from excessive currents by a 2 A
fuse in the common line.

AC Voltage + Current Ranges

On AC voltage ranges, a 10n capaci-
tor is switched in series with the input

line to remove any DC component present..

The signal is fed through the attenuator as
before and then via SWIE to the AC conver-
tor. Similarly AC currents are fed via SW1E
to the AC convertor. This is a precision
rectifier 1C4 using a TLO81 J-FET input op
amp, so that there are no problems with input
bias current. The gain of the circuit is set by
RV2 and the negative component sampled by
the 10M resistor and filtered by 100n capaci-
tor C4. The resulting voltage may be RV2 to
be equal to the RMS value of a sine wave to'
the input of the DMM, and is then fed via
SWIFtoICI.

Resistance Ranges
A simplified circuit is shown here, the op amp
IC6 is another TLO8I and will try to maintain

the voltage at its input at common voltage. .

£

? i |
Rtest 1
Rrange

Vref
Vout

Hence the output voltage must be:

V out = R Test!'. V Ref'

: R Range
and is proportional to the resistor being
measured (R Test!).

V Ref! is derived from a potential divider
between +Ve and common, and is set by
RV3. IC5 is a voltage follower, and is fed via
SWID to the bottom of the resistor chain in
the attenuator. SW2A selects the range in
reverse order to the voltage ranges, and its
wiper is connected to the input socket by
SWIA and to the input of IC6 by SW1C and
another R-C network for filtering and
protection. The output of IC6 is boosted by
an emitter follower Ql, since the current
on the 200 ohms range is quite high, and then
fed to the other end of R Test! via SW1B. The
offset voltage of the op-amp is zeroed by
RV4, but a small offset from zero exists on
the 200 ohm range because of the switch
contact and the fuse resistances. The
voltage output proportional to R Test is
attenuated by about ten times and fed to IC1
via SWI1F.

BATTERY TEST

The unused position of SW2 on the DC
voltage range is fed from a potential divider
oetween common and the battery negative
(OV) rail so a voltage governed by, though
not proportional to the battery voltage is fed
to IC1. The resistor values are arranged to

give a reading 'of 10.00 when the battery
voltage has dropped to 7 volts, but at other
voltages the readings are meaningless due to
the 2.8V reference voltage.

Capacitance Ranges

Using a simplified circuit, if V Ref! is
Joined to V Out', then V Out' will equal the
common voltage since the op-amp is acting
purely as a voltage follower. Hence C test is

i

Ctest
Rrange

|

= ANAA |
5 O
q Vout

2ucom

O
Vref

fully discharged. If V ref' is now suddenly |

taken to a positive voltage, the output will
begin to ramp negative at a rate determined
by R Range' and C Test!, and for a given R
Range! the time taken to reach a given
negative voltage is determined bv and is
proportional to C Test!. In practice, a quad
J-FET op amp type TL084 is used for IC9. The
first stage IC9A is the integrator just de-
scribed and in the rest state with Q2 off , the
output and input are joined by the range
resistor selected by SW2E. IC7 is a hex C

- MOS invertor which produces the timing

control signals. IC7A and B form a monost-
able, triggered by pressing the READ button
SW4. Having connected C Test but before
pressing SW4, the op-amp will have dis-
charged C Test! as above. IC8 is a CMOS
analogue switch type 4016, which in the rest
state has both stages OFF. IC9D is another
integrator which due to the very high input
impedence of the TL084 and low leakages of
the 4016 will hold any voltage on C17 for
many seconds. When the button is pressed,
the output of IC7B goes low, unaffecting IC7
D and E but making the output of IC7C go
high, thus turning on IC8B shorting the
capacitor and making the op amp output
equal to common voltage. At the end of the
monostable period, C17 will be fully dis-
charged and IC7B output goes high, in turn
turning off IC8B. Simultaneously IC7D and E
are triggered by the positive edge and IC7D
output goes low, turning on Q2 and hence
connecting the range resistor to the positive
rail, causing IC9A output to start ramping
negative, IC7E drives IC7F output high, and
causes IC9B output (which was previously at
the +Ve rail) to go negative from the com-

mon rail an' amount determined by the two °

resistors R45 and R46. This voltage is an
exact multiplication of the common to + Ve
voltage, and is fed to the inverting input of
IC9C, a comparator. Since the non-inverting
input is fed from IC9A output which is still
ramping negative, the output of IC9C
switches positive, turning IC8A on and hence
connecting the input of ICID to the + Ve rail
via a resistance. Hence IC9D output will also
start to ramp negative. Remember this has all
happened within microseconds of the end of
the monostable period.

After a while, IC9A output will go more

negative than 1C8A and isolates the input of |

IC9D completely. The voltage on IC9D out-
put is proportional to the value of C Test, and
will only be discharged by leakage. This
voltage is fed via an attenuator to SWI1F and
then to ICI. Since IC9 is a quad op amp, no
provision is made for offset nulling, so a
negative current is fed into the attenuator to
counteract any offset. Calibration is achieved
by adjusting the current fed into ICSD input
during the measuring period by RV5.

24
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PROJECT : LCD Multimeter
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Watford Electronics, 33 Cardiff Road,
Watford, can supply a complete kit of
parts for this project. The kit, which
includes predrilled casé and punched
and screened front panel, will be sold
at a special introductory price of
£49 95 plus 8% VAT and £1 p&p and
ins. Test Leads are available for an
additional £1.50. |
Watford are also to offer.a calibra- |
tion service. This service will apply to
working units only and will cost
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Fig. 2. Full circuit diagram of the DMM excluding the capacit-
ance measuring circuitry. R1 and FS1 are not mounted on the
main PCB. Note that although a protection network is incorpo-
rated, it is wise to ensure that a high range is selected before the
meter is applied to the circuit under test. R

Fig. 3. Below, left and right, circuit diagrams of the capacitance
section, a patent has been applied for in respect of this design.
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assembly and the wipers only rotated
to position 1 if necessary since it is
possible to bend fixed contacts
without noticing, the damage not
being discovered untii testing of the
DMM takes place. To replace a
damaged wafer after assembly is
complete is an extremely difficuit
operation.

The most delicate part by far is the
display itself. This should be
examined carefully for defects in the
glass and then kept in its cardboard
wrapper until ready for use. It must
be pressed into its socket with
extreme care, and easing the
soldercon pins with a piece of tinned
copper wire before insertion is
recommended.

Note the LCD display should not
be subject to temperatures greater
than about 60* C and should not be
exposed to strong sunlight for any

‘period of time.

Construction

If it is hoped that a DMM will
result with a similar specification to
the prototype, the parts list must be
followed closely, as must these
instructions. The use of a double
sided board makes construction a
less onerous task than would have
been the case with a single sided
design. However, to avoid the
considerable expense of plated
through holes connections from one
side of the board to the other are
made with copper wire or, better still,
with pins designed for'this purpose.
The resistors should be fitted to
the PCB first, noting that there are
three types specified, carbon film for
non critical applications, metal oxide
for long term stability and the 1%
components. Interchanging of these
would cause loss of accuracy. The
capacitors and transistors may be
fitted next, together with the pots
and IC sockets. The use of these is
strongly recommended. Do not fit the
soldercon pins for the display yet,
since subsequent handling of the
PCB will almost certainly cause
damage to them. Fit the vero pins,
noting that the two for the
capacitance socket wiring are

inserted from the opposite side of the -

board.
The switches may now be
prepared. The knob shafts should be

cutdown to 9mm in length, and then

turned fully anti-clockwise to the end

stop (viewed from the front). Next the
nut and washer are removed and the

ring to fix the number of positions set
to the six hole. Rotate the shaft five

26

Fig. 4. Diagram showing the interconnec-
tions between the wafers of SW1 and 2.

positions clockwise to check that
there are only six positions in all,
then rotate back to the original
position and replace the nut and
crinkle washer. Repeat with the other
switch assembly.

Prior to removing the studding
carefully pull out the wafer drive
shaft and cut to a length of 30mm,
remove any burrs and reinsert. Next
unscrew the 8BA nuts from the four
lengths of studding, and cut these to
a length of 37mm each. Fit a nut to

o~

K (com)

one end of each piece of studding,
putting the remaining washers and
nuts aside for use later. Beware—the
centre of the assembly will push out
very easily in this state causing a loss
of springs, balls and temper.

Place the switch operating

mechanism on the non component

side of the PCB with the number "2’
on the casting nearest to the display
location and pass two studs through,
the switch and PCB. It is possible to
fit the wafers in any of four positions,

ELECTRONICS TODAY INTERNATIONAL — AUGUST 1978
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Fig. 5. Component overlay for the DMM circuit board, points marked ® are through board links and points marked * are terminal’
pins. Only one side of the pattern is shown for clarity.

PARTS LIST

RESISTORS (* 1% Hi-stab, + aW MO R35 470k SEMICONDUCTORS

2%, other YeW 5%) : R38,51 47k IC1 ICL7106

R45 150k 1€2,3 CD40708

*R1 OR1 POTENTIOMETERS 1C4,6 TLO81
*R2, 40 - 10M multi turn %in cermet IC5 741
*R3, 41 1MO RV1 1k0 IC7 CD40698
‘R4, 42 100k RV2,3,5 10k IC8 CD40168
*R5, 43 10k min. vert. IC9 TLO84
*R6,9 1k0 RV4 10k Q1,2 BC214L
‘R7 110R RV6 100k D1,2,3 1N914
R8 1RO
‘R10 100R CAPACITORS
‘R11 10R C1 10n 2kV disc ceramic
‘R12 1RO C2,4,6,10 SWITCHES
R13, 19, 24, 28 12,14,15,16 .~ 100n 100 V polycarb- SW1 8 pole 6 way

29, 30, 31, 32 1MO onate SW?2 5 pole 6 way
R14, 37 10M C3,11 10u 16V electrolytic SW3 miniature toggle.
R15 10k Cc5 10n 100 V polycarbon- Sw4 push button
tR16,18,21,47,49 10k ate ‘ \
R17,36,39,50 4M7 Cc7 220n 100 V polycarb-
tR20,48 100k | onate
R22 1kO c8 470n 100 V polycarb- MISCELLANEOUS
R23 39k onate 3, Digit LCD display, PCB, IC sockets, 2A
tR25 47k Cc9 100p polystyrene 20mm fuse plus chassis mounting holder,
tR26 24k C13 1n0 polystyrene battery connector, case (type NJSF 1), display
R27.34,44,46 100k c17 1u0 100 V polycarbon- filter, 4mm sockets, knobs, wire, 50 link pins,
R33 2k2 ate 12 connecting pins, handle, screened cable.

shaft. SW2 (the left hand switch) has
three wafers and SW 1 has four

only one of which is correct. Place

[
rubber sleeving, since using PVC }
the wafers on the bench with the !

insulated wire would promote the

visible wiper contact away from you,
ensure the wiper tongue on the
centre ring is to the left and that the
flats in the centre hole lie parallel to a
line joining the fixing holes. Hold the
PCB component side uppermost
while supporting the switch and
studs and with IC1 to the right, slide
the wafer over the studs and drive

wafers. Fig. 7 will clarify this. With
the wafers in position, the fibre
washers and nuts may be fitted and
tightened. The switches should now
be tested with an ohmeter before
proceeding to ensure no damage has
heen done during assembly.

The switches are now wired, using
tinned copper wire and silicone

ELECTRONICS TODAY INTERNATIONAL — AUGUST 1978

possibility of melting due to the close
proximity of the switch contacts, and
with up to 1KV around this is highly
undesirable. An exploded view of the
switch wiring is shown in Fig. 4,
and this should be studied very »
closely.

The switches should be wired
starting at the wafers nearest the PCB
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and working upwards. The end of the
tinned copper wire should be
soldered to the first tab, a length of
siicone rubber sleeving cut to the
exact distance between the tags to be
joined and slid over the wire, and
finally the other end soldered. The
signal input to IC1 is brought from
the switch by a screened lead, with
the braid soldered to the ‘common’
pin adjacent to the relevant switch
tag, and cut off and sleeved at the
other end.
- As stated above tracks on opposite
sides of the board are joined by
tinned copper wire or special pins
which are inserted and then broken
off short before soldering. The holes
next to the display socket must be
Joined before the soldercon pins are
fitted, since soldering close to them
on the wrong side of thePCB can
cause wicking of solder into the
socket making it unusable. Having
fitted these, the display socket pins
may be fitted in the normal manner.

Having checked the board for
assembly and wiring errors, the IC's
may be inserted, being especially
careful with IC1 which requires quite
a high insertion force. Finally poke a
piece of 20 SWG wire into each pin
of the display socket to ease them
and then fit the display. There is
normally no indication of which pin is
‘number 1, but by holding it at an
angle to the light and looking for an
outline of the digits, the correct way
up may be found.

The unit is now ready for testing

Testing and calibration

Connect up a 9 V battery and select
the DC voltage range with 20V FSD.
The current consumption should be
about 5mA, and the display should
read 0.00, with the plus and minus
signs alternating. Check the voltage
between the common and positive
rails, which should be 2.8V+ 0.4. No
measurements should be attempted
with the DMM until calibration is
complete as these will be
meaningless. The accuracy of the
whole instrument depends upon the
setting of RV 1 so this must be set
first. It may be adjusted by
comparison with a meter of known
accuracy or by using a Weston
standard cell (1.0186 volts), and it is
likely that advertisers will be offering
a calibration service. Which ever
method is chosen, two wires are
attached to SW1A and B wipers,
positive and negative respectively
and connected to the test circuit.
Seledt the correct DC range and
adjust RV1 until the correct reading
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Fig. 6. Above, view of completed circuit, and Fig. 7 below, view
of wiring around the range switches.

is obtained. If 1% resistors have ;
been used where specified, changing
to the next range should give a
reading of exactly one tenth, and

the next one hundredth, allowing for
the plus or minus one digit accuracy.
Calibration should ideally be done on
the 200 mV range since this does not
involve the attenuator, but this is not

normally very easy. As many ranges
as possible should be checked to
ensure overall accuracy. The DC
current ranges may be checked also,
and should agree to a high accuracy
— but remember the 2A range
resistor is not yet connected.

The AC voltage ranges may also
be calibrated by a comparison
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method, preferably starting with a
low voltage transformer or a signal
generator. The frequency response
should be good over the audio
spectrum, but this has not been
measured accurately. As before, the
potentiometer, RV2 this time, is
adjusted until the desired reading is
obtained. When switching down
ranges, the response will probably
fall off at reading of 10 or so due to
the rectifier, so the instrument should
not be used at such low readings.
The mains voltage may be checked
with care, and mind fingers on the
switches. There should be no polarity
indication on AC ranges, but the
colon may occasionally flash with no
input since the minus sign is
blanked.

The ohms ranges should be
calibrated with a standard 1%
resistor, and possibly those in the
capacitance circuit may be left out for
this purpose. First switch to the 20k
range, when the colon to
indicate resistance range will be seen
and only the left hand 1 and decimal
point to indicate overrange, i.e.
infinite resistance. This overrange is
the same on all ranges incidentally.
Shorting the input leads together
should give a low reading which may
be reduced to 0.00 by adjusting
RV4. Now insert the 10K-1%
resistor and adjust VR3 to read
10.00, switching ranges should read
1.00 and .10. Check with the other
resistors that calibration is correct.
On the 200R range a small offset
from zero will be observed, this being
due to the switch wiring and
contacts, and should not exceed
0.5R it should be taken into account
when measuring low resistances
however.

In order to calibrate the
capacitance range,-it is essential to
have an accurate capacitor of value
between 1n and 10n. This will

probably be a polystyrene or silvered -

mica type. Switch to the 2n
capacitance range and short the two
read button pins. The reading should
be unstable for a second or two and
then settle to a low reading. Now
connect the test capacitor across the
two pins for the capacitance test
sockets. Shorting the read pins
should now give a much higher
reading and by adjusting RV5 and
again shorting the pins the reading
should be adjusted to the value of the
capacitor under test. (If it is more
than 2n, obviously the 10n range
will be used). Now switch up a range
and short the pins when a reading of
one tenth of the previous one should
be achieved by adjusting RV6 and a

reading of one hundredth on the next
range.

Re-check the setting of RV5 which
may have altered slightly and then
re-check RV6. This has set the
capacitance ranges for best linearity,
but due to stray capacitance,
significant on the lowest range, an
offset reading of three or four will be
shown without a test capacitor. This
is purely an offset, and capacitance
readings down to 10pF or so can be
made ignoring this offset.

All ranges should be checked as
rigorously as possible to catch any
faults before the unit is used in
earnest. The battery condition may
be checked by switching to DC volts
and the fully clockwise position of
SW1 . The resistor network has been
arranged to give a reading of 10.00
at 7 volts, below which the
instrument will malfunction and the
battery should be replaced.

Final assembly

To protect the display, a piece of
clear perspex or Darvic approx. 65 x
40mm and no more than 1.5 mm
thick is required. This is stuck to the
reverse side of the front panel with
Evostick or similar adhesive. Mount
the push button with its pins
orientated to line up with the holes in
the PCB. Similarly mount the on-off
switch with only a single lockwasher
behind the panel. Fit the two
capacitance terminals and line up the
solder tags with the vero pins on the
reverse of the PCB. Offer the board
up to the front panel and with only a
lockwasher on each rotary switch,
the panel and board should be
parallel to each other, with the
display just clear of the perspex and
central in the window. Now fit the
switch nuts and knobs, and wire the
toggle and push switches and
capacitance terminals to their
respective pins. Solder the battery -
connector leads to the pins adjacent
to the on off switch, and three wires
to the wipers of SW1A and B and the
2 amp position of SW2C. Mount the
three 4mm sockets in the front of the
box and connect the OR1 ohm
resistor and fuse holder as shown on
the diagram, then finally connect the
wires from SW1 and 2. The battery
may be held in position with a simple
aluminium bracket. It is also possible
to adapt certain types of battery
holder to take six batteries of the HP7
size. Finally screw in the front panel
and your digital multimeter is ready
for use. Make up a couple of leads
using very flexible wire and use
probes which will stand the voltages
and currents to be measured. ET]
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It is only a matter of time before the ‘smart’ car comes along — cars have been
relatively simple hydromechanical machines without the intelligence that a
powerful electronic system could provide . . . . but that simple era is about to end.

THE ELECTRONIC REVOLUTION in the car industry is
with us — the level of electronic sophistication in
production cars is increasing at a surprising rate,
bringing with it improved performance and high
reliability.

In the past the electrical system in cars was a well
known area for failure, wouldn't complex electronics be
even more failure prone?

At first sight it seemed that failures would be inevit-
able. Cars offered an environment far more hostile.to
computers than the air-conditioned and dehumidified
chambers they had been used to. Temperatures under
the bonnet range from —40 C to 140" C. Salt spray,
dust and vibration are constant menaces. And the car
has a power supply "“‘which, by computer industry
standards, has limited capacity, minimal regulation, and
is quite noisy,”" as a General Motors’ engineering report
put it. The odds against success seemed heavy at first.

Gradually techniques were worked out that promised
success. Manufacturing methods became exacting —
and expensive. When building the ‘Lean Burn’ elec-
tronics package, said Chrysler's Huntsville general
manager, Arthur E. Douyard, ""We actually ‘try to make
the unit fail during assembly. We expose it to 18b-
degree temperatures three times, including a final
period up to 10 hours. We also pass-fail the unit by
computer five times. Finally, we audit ten per cent of the
units we ship to grade our quality control standards."’

The ten-hour test figure was not casually arrived at.
“‘Any malfunction with an electronic device should show

up quickly — usually within the first ten hours, " says
Sidney L. Terry, vice president for public responsibility
and consumer affairs of Chrysler. '‘After that the elec-
tronic components should never wear out. Chrysler
engineers estimate that for every pound the industry has
invested in electronic voltage regulators, the customer
has saved nine pounds in replacement costs, and that
customers have saved four pounds for every pound we
have invested in electronic ignition."”

This is a good record — for relatively simple devices.
For more complex systems, serviceability suited to the
auto repair shop will have to be worked out. ‘‘Repair of
computer-type equipment will of necessity be at the
module replacement level to be practical,”” the SAE was
told by Frank P. Caiati and James F. Thompson of GM's
Engineering Staff. "'Isolation to a failed module will be
the technological challenge. It is very necessary that a:
high percentage of module failures be self-indicating,”’
so the usual vagaries of trial-by-replacement trou-
bleshooting could be avoided.

““The MSI and LSl semiconductor technology of
today lends itself to modularity,”” Ciati and Thompson
added. Like car radios, the first complex electronic
system used in a production car — the Bendix fuel
injection for 1957 — used valves. Soon thereafter the
valve was replaced by the transistor, much smaller and
less power-hungry, while back in the semiconductor
labs, the age of the integrated circuit was being ushered
in.

“In 1959, explains Chrysler’'s Terry, "‘a commer-
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cially availabie chip contained only one component of a
circuit. By 1964, the number of components per chip
was up to ten. By 1970, the number of components
was up to about 1000, and by 1976, up to 82,000. At
the same time, the cost per unit dropped sharply.””

The electronics industry soon discovered that the
most efficient way to use those 80,000 components was
to organise them into a computer-like general purpose
logic chip — the microprocessor. With that much power
available in a very small package, the car industry had to
pay attention to microprocessors. ‘‘These new LS|
microprocessor chips, as used in calculators, started the
industry looking -at applications in which their added
cost could be handled,”” says Donald E. Colvill, staff
engineer for electronic engine controls of GM’s Delco
Electronics Division. “'To an engineer,”” he adds, '‘a
computer is always attractive from a technology stand-
point.”’

It was one thing to decide to use this know-how of the
semi-conductor industry, and quite another to decide
exactly how to use it. There are two main types of
computer, analogue and digital, and each has its
strengths and limitations. The car industry started with
analogue computers, but it is moving rapidly and
irrevocably towards digital computers today.

The analogue computer was initially the most popular
because itis simpler and well suited to doing many of the
jobs that the car system requires. As its name hints, it
works through the setting up of an electronic circuit that
is analogous to the conditions in the mechanism that it's
controlling. In an analogue computer, multiplication by
a constant, for example, would be done by an amplifier
of fixed, pre-set, gain. Analogue circuitry ‘'mimics’ the
motions of the machine and /or the mathematical equa-
tions that describe what it does. Analogue computers
can be quite versatile, but for use in cars they're usually
tailored in design to suit just the job they have to do.

Analogue Circuitry

Analogue circuits started strong in cars and are still
doing many important jobs in them. The Bosch and
Bendix electronic fuel injection systems use analogue
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computers, for example. Analogue designs were chosen
because they're fairly easy to change and adjust during
vehicle development and during the evolution of the fuel

injection system. For similar reasons Chrysler chose an

analogue computer to control its Lean Burn spark-
adjustment system. First launched in the 1976 model
year, this functioned with 899.9% reliability on the initial
field of 60,000 cars. Now in 1978 it’s available on all
Chrysler’s eight-cylinder engine families.

Analogue circuitry also does the computing in the
black boxes used in the closed-loop Lambda-sensing
controls that make the so-called three-way catalysts
work in the cars now on the US roads. Such systems
were first marketed by Velvo and Saab at the end of
1976, using Robert Bosch electronics. Now for 1978
Ford’s Pintos and Bobcats with automatic transmissions
for the California market have such closed-loop or
feedback controls. Both Motorola and Ford's cwn plant
supply their analogue electronics. GM’s Delco Elec-
tronics Division makes analogue controls for the similar
air/fuel ratio control being fitted to some Buick, Olds-
mobile and Pontiac subcompact models, also for the
Califomnia market. Ford uses Bosch exhaust pipe sen-
sors, while GM’s come from the AC Spark Plug Division.

Two 1978 GM models have new spark control
systems that also have analogue computer circuitry. One
is Delco Electronics’ Electronic Spark Control, which is
called the Turbo Control Centre by its user, Buick, which
employs it on its turbo-supercharged V-6 engines in the
Regal and LeSabre sports coupés. This ingenious device
uses a Delco Remy vibration sensor mounted on top of
the inlet manifold to tell when the engine is detonating.
Electronic filters on the sensor’s output pass the high
vibration peaks in the range of five to seven kilohertz that
GM considers to be the signature of pinking or detona-
tion. Analogue circuitry in the Electronic Spark Control
modifies the spark dwell, and thus the spark timing, by a
signal it sends to a special electronic module in the High
Energy Ignition. Working every other crank revolution, it
can retard the spark up to 20 degrees in two-degree
increments until the detonation stops. It is designed to.
cope with extreme conditions in the running of the

Fig. 1. Left, a Delco Remy module, part of an electronic
controller for the GN 3-way catalyst system.

Fig. 2. Below, the spark control computer, part of the
Chrysler Lean Burn System.
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sensitive supercharged engine, such as a very heavy
load on a very hot day.

This spark control system is a closed-loop device, the
first of its kind to be placed in volume production. Delco
Electronics’ other new spark controller is an open-loop
«design, the Electronic Spark Selector used on 1978
Cadillac Sevilles (except for the diesels, of course). This
has sensors that tell it engine speed, manifold vacuum,
coolant temperature and the engine cranking condition.
From these, an analogue computer advances or retards
the whole spark curve to suit the running conditions.
During engine warmup, for example, it retards the spark
so the catalyst will reach working temperatures more
quickly. Like the detonation sensor, this too allows the
engine to be run with a great spark advance under most
conditions, favourably affecting mileage. Cadillac ex-
pects an overall improvement of about one mile per

Fig. 3. Microprocessor control circuitry allows Chryslers new
AM/FM Stereo Search radio to recall ten stations from its
internal memory. A LED display shows the frequency and
number of the selected station.

gallon from its use. And the Electronic Spark Selector is
built to '‘fail soft’". Should it stop working, the engine
simply keeps running with the last spark curve it was_
using before the failure.

Both Cadillac and Buick offer yet another engineering
feature that combines analogue-type electronics with a.
simple logic chip. The new GM application is in the
Automatic Level Control for the rear suspension, deve-
loped jointly by Delco Electronics and Delco Products. It
uses an Optron diode sensor to measure the distance
from the axle to the frame, and then through the
analogue and logic circuits, it adds or subtracts com-
pressed air (from a 150 psi supply) in the special shock
‘absorbers to bring the rear of the car to the correct level.

Number Crunching

With all these applications, analogue computation is
well established in the electronic systems of today’s
cars. But it has a strong and promising competitor:
digital computation. It reaches similar ends in a different
way. While the analogue system is computing by
making comparisons between different voltage and/or
current levels, the digital system is carrying out the
various calculations mathematically, just as you would
on a scratch pad or calculator. You might say that digital
computation is to analogue as a desk calculator is to a

>

Fig. 4. The Aston Martin Lagonda, below, has the drivers seat
computer controlled through servomotors. The seat can be
pre-programmed with two sets of adjustments (for husband and
wife drivers). :
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slide rule. Actual physical relationships play a
part in the analogue circuit’'s findings, while the digital’
computer gets its results by doggedly doing the actual
math — very quickly.

While the digital device gives results that are in-
'herently accurate, the electronic components of the
analogue device must be “‘trimmed’’, during assembly
and testing, to make sure that the complete circuit gives
the right answers. This seems to show an edge for the
digital device, but that's not necessarily so. Many of the
inputs to digital computers will begin as analogue
signals, such as a varying voltage from a temperature or
throttle position sensor, and will need to be converted
into digital language that the computer can understand.
Such an analogue-to-digital converter will also need to
be trimmed, or calibrated, for accuracy. And digital-
to-analogue converter will also need to be trimmed, or
calibrated, for accuracy. And digital-to-analogue con-
verters for the computer’s output will also be needed so
it may perform automotive tasks.

Until recently it was simply unthinkable to fit a digital
computer into a production car, because it was too big,
too expensive, or both. Now, with the arrival of the
microprocessor that limitation is beginning to be
removed. A digital computer needs a central processing
unit (CPU) to do the work. It also needs a fixed or
permanent memory (known as ROM for read-only
memory) of substantial size to tell it what to do and when
to do it, and in addition to that a temporary memory, or
RAM (random-access memory), in which it can store
data it needs for continuing its calculations. All this can
now be etched on one or more small LS| chips, forming a
microcomputer.

Small and powerful though it may be, such a micro-
processor doesn’t come cheaply. It costs tens of thou-
sands of dollars just to tool up to make the special masks
needed to etch them in production. Also, to avoid
needless waste they must be tailored as closely as
possible to the applications for which they're needed. A
nervous period of courting between the motor and
semi-conductor industries is now ending, as each better
understands the needs of the other, and microprocessor
uses are increasing rapidly. From one in 1977 the
number of applications has jumped to five in 1978, and
there’ll be many more in 1979, after the technique
proves its value and reliability.

MISAR Sparks It Off

The beachhead for microprocessors in cars was esta-
blished in the "77 model .year by Oldsmobile and
Delco-Remy with their MISAR spark control system used
in Toronto. Standing for Microprocessed Sensing and
Automatic Regulation, MISAR senses crankshaft rota-
tion, manifold vacuum and coolant temperature, and
from these decides which of more than 200 ignition
advance points on a “‘map’’ of possibilities suits the
engine best at that instant. These points are stored in a
ROM with a capacity of 1024 ten-bit data words. Two
LS| chips are at the heart of the Rockwell CPU that
computes which point will be used at any moment. It
completes the 335-odd instructions its program requires
in about 12 milliseconds giving a fresh spark timing at
that interval. MISAR works by switching the HEI dis-
tributor’s own electronic module on and off.

Three other microprocessors are used to do jobs that
are less vital to the running of the car. One is another
Chrysler Huntsville development, an advanced solid-
state search-tune radio. It has a ten-digit keyboard that
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Fig. 5. Fifth among the digital microprocessors in the 1978 cars
is the miles-to-empty system used, as an option, in the Lincoln
Continental Mark V. its LS| chip carries the equivalent of 3600
transistors on a surface less than a quarter-inch square. Picking
up indications of car speed and fuel tank level, it calculates the
distance travelled, fuel used and the resulting miles per gallon.
Then it multiplies fuel mileage by the amount of fuel left in the
tank to get the miles-to-empty reading shown on the dash.
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Fig. 6. Above, diagram of the Electronic Engine control system
featured in the 1978 Lincoln Versaille.

Fig. 7. Below, diagram of the Delco Electronic Spark Control as
used on the Buick turbo-charged V-6 engines.
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can be used to choose stations directly by their
frequency, or from the radio’s computer memory by a
push of a single button. Automatic searching for other
stations, at two sensitivity levels, can be initiated by a
foot switch. The frequency chosen is shown by a
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light-emitting diode display. This “"thinking’® AM/FM |
stereo radio is offered in such top-line models as the |
Dodge Diplomat and Magnum and the Chrysler |
LeBaron, Cordoba, Newport and New Yorker Brougham i
The fourth microprocessor available in the ‘78
models is an option on the 1978-1/2 Cadillac Sevilles,
those without diesel engines. It’s at the heart of a system
called Tripmaster, which uses a large LED display made J

by AC Spark Plugs in place of the conventional spee-
dometer and introduces LED displays for the fuel level |
and, at the right of the dash, for engine speed, coolant |
temperature or time of day — whichever the driver
selects by pushing a button. A small panel holds a dozen !
pushbuttons for selecting operating modes or entering
data into Tripmaster.

Its CPU, a Motorola 6800 microprocessor, allows the
Tripmaster to do many navigational tasks. It can handle
time, distance and average speed calculations, and it
can relate them to the rate of fuel consumption and the
amount of fuel left in the tank. Drawing information from
the electronic fuel injection, it can read out the instant-
aneous fuel mileage and the average mileage for the
journey. Its present ROM capacity of 4000 eight-bit
words is enough to let the Tripmaster handle these jobs,
and it be expanded by several multiples in the future,
using the same CPU, to permit it to take over all engine
functions and many other control tasks in the car.

Looking Forward

This is a promising array of digitally-controlled auto
systems. Many more are waiting on the sidelines. We |
can expect, for example, that most and perhaps all of the
present analogue car computers will be converted to
digital operation in the course of the next several years.
Speaking to the SAE about electronic fuel injection in
1976, Jerome G. Rivard, then of Bendix and now with
Ford, said that “In the interests of cost reduction and
higher production volume, the current hybrid analogue
design will undoubtedly be replaced ultimately by a
design based on digital EFI controller to be in production
for the 1979 model year and to be in wide use in 1980.
United Technology’s Essex Group has also built and
tested a digital injection computer, while Chrysler will
use such a controller with its forthcoming Electronic Fuel
Metering system. Its key microprocessor suppliers are
expected to be the RCA Corp. and Texas Instruments.

The systems on the 1978 cars are the exploratory first
wave for the mass invasion of microprocessors that's
coming on the 1981 models. To meet the tougher
emissions and economy standards then, the tiny LSI
chips will take over control of all main engine variables:
spark timing, EGR valve flow, choke control on carb-
uretted cars, fuel preparation and fuel/air mixture
control. The Motorola 6800 microprocessor, used ,
| already in Tripmaster, will be the key CPU for General
Motors and, apparently, for Ford as well.

Those responsible for developing these new systems
make no secret of the fact that the central brain, the
CPU, has raced far ahead, in design, of the sensors and
actuators that are the eyes and muscles of the brain.

a

L These are still relatively primitive, and all too susceptible
to inaccuracy or failure under automotive operating
| conditions. Also many of them produce analogue out-

| puts instead of the digital data that the microprocessor
would prefer to receive. This is the area in which the

F mechanical and electronics engineers will have to |
| cooperate most genially if good results are to be |
achieved. ETI
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FEATURE

Tandy have recently introduced the Radio Shack TRS-80 computer system to this
country. Phil Gornes, Gary Evans, Graham Wideman and Mark Czerwinski have
been putting the machine (pity it wasn’t time sharing) through its paces.

THE NAME TANDY will be familiar to many of you. Gf
American parentagefthe company have over the past few
years opened up a large number of retail outlets in this
country dealing mainly with audio equipment and in
most cases, components. Those of you who frequent the
larger Tandy stores may well have noted the appearance
of a home computer, as Tandy's TRS-80 home com-
puter system has been on demonstration in many since
March. So what is the TRS-80 and how does it compare
with similar systems?

‘What You Get

The TRS-80 system comprises of four separate units.

The first, a standard ‘Realistic’ CTR 41 portable mains/
battery cassette recorder, is used for long term storage of
programs, information and data files.

The second is a video display unit which provides up
10 16 lines of 64 alpha numeric characters. Each of these
1024 character locations can be further sub-divided into
a 2 x 3 matrix giving an overall 128 x 48 matrix. The
6144 resulting positions on the screen can be individu-
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ally lit or dimmed as required, from within a program, to
produce all manner of continuous or interrupted
graphics. - |

Thirdly we have the power supply unit, which gives
a 17 volt AC output, used to power the last item of
hardware, the CPU, memory and keyboard package.

The CPU is a Z80, the memory comprises of level
1 BASIC in 4K ROM, 4K of dynamic RAM for program
storage and 1K static RAM for the video display. Also
included are the voltage regulators, the cassette and
video interfaces and the integral standard "QWERTY"
keyboard. Also supplied are a 232 page instruction
manual and two cassettes, one blank for retaining your
first efforts in programming the other with two games
programs — Blackjack and Backgammon. In addition all
leads required to connect the four units together and-to
the mains are provided.

Initial set-up is quite easy — simply put all four units
on the same table and plug them all together. All three
connections to the keyboard/CPU unit are made via
five-pin DIN plugs and ARE interchangeable. The

>
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sockets are labelled and we are assured that swapping
leads will not cause any damage. Plugging into the
cassette recorder is less obvious since two of the plugs
can be interchanged with no identification other than
being of different colours.

Having said all this though, after setting up the
system a couple of times one will be familiar with all
these points and in practice we don 't see many problems
with these connections.

First Impressions
Switching the system on requires the pushing of two
on/off switches. The first is on the front of the video
display and the second is on the back of the microcom-
puter itself adjacent to the plug and socket which
connect the power to the main unit. With this done it
takes only three or four seconds for
READY

> —
to appear in the top left corner of the screen. The >
symbol is presented to inform you that the system is in
the state in which it can accept entries from the key-
board, the symbol itself is called a ‘prompt’. The — is
called the cursor and is presented to show you where the
next character input will be displayed. A quick flick
through the manual revealed on page 225, the listing of
what appeared to be a very useful program, a combined

function and RAM test which it is claimed “"Puts the.

TRS-80 through its paces — All of them'' and having
looked through the program we could well believe it.

The program starts off by using every statement and
function that level 1 BASIC is capable of with checks in
the program to make sure that all is as it should be and
with error messages printed for a failure. The program
then goes on to write numbers into all empty RAM
locations, reading them back to check that they were
written correctly and finally it displays a sort of simple
test card that can be used to check the alignment and
centering of the picture on the screen. Care should be
taken when typing this program in as there an error in
the manual which has to be corrected as you enter the
program. (There is a slip of paper included with the
manual which corrects the few printing errors that have
creptin). Itis well worth dumping this program onto tape
(see below) as if you are anything like us it takes about
half an hour to put it in (using the well tried and trusted
single finger poke and hope method).

WITH A BIT OF
FLAYING ABOUT WE

DISCOVERED THESE BIG
LETTERS, ABOUT TWICE
REGULAR SIZE.

The TRS-80 passed the test, this was the point at
which we considered the system to be well and truly
commissioned. The command CSAVE is the one used to
dump programs to tape but the one you'll most likely
want at firstis CLOAD, the magic word for loading one of
the programs included with the machine. Having
amused ourselves with these for an hour or four we can
take a look at the hardware and software in more detail.
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Looking at the total system, there are advantages and
disadvantages to-having four separate units. The main
“pro”’ is the flexibility of being able to move the
keyboard, video monitor and cassette recorder to suit
your convenience {and making it easier for Tandy to
provide machines for different markets), although longer
leads would have helped on some units. It might have
been better, however, to combine the cassette record
and power supply with keyboard thus reducing the
packages to two.

Not For Hard Types

The keyboard itself, while not of “‘professional’’
quality is more than adequate being a full QWERTY
typewriter style design. One ‘point to watch is that the
keyboard will not accept a new key entry until the
previous key has been fully released. Even an inex-
perienced typist, when entering often encountered
groups of letters (eg. key words) will notch up speeds
that wiil lead to displays such as RN, LST etc. Level II
BASIC (see later) will remove this problem.

As mentioned above, the keyboard case also includes
the CPU, memory and other assorted circuitry.

We don’t feel that this system would be much fun for
hardware enthusiasts. It's difficult to manage when
taken apart, the keyboard and main board are attached
to an easy to break flexible cable with no plug. No 1/0
ports are on board, which rules out simple add-ons, such
as switching devices on and off, hooking up a speaker,
and other popular experiments and applications. The
back connector brings out the address, data and control
buses. Thus a separate box with interface adapter could
be added. Also on this connector are the keyboard lines,
which would presumably facilitate adding more key-
boards (possible numeric pad) in parallel with the
existing one. The keyboard interface is done not with a
Peripheral Interface chip as might be expected, but with
ordinary buffers and latches, a cheap but less flexible
system.

To summarize, this product does not appear to be
aimed at the serious hardware person. Add-ons are
difficult, although Radio Shack is coming out with an
I/O unit. In addition, an S-100 interface is in the works,
according to Radio Shack literature. The TRS-80 must
then be best suited to software type, keyboard plus
video and printer applications.

Data may be recorded on cassettes by means of the
built in cassette interface which converts the data to. a
series of audio tones. Thus, any reasonable quality
cassette recorder will do the trick. The cassette itself
should also be fairly good since any tape “‘drop-outs’”
mean lost data. Tandy will supply five minute-per-side
cassettes for this purpose although we have used C60s
with no problems.

The recorder supplied with the TRS-80 (the CTR-41)
has connections from the keyboard to the ""AUX"
input, "EAR" output, and also. the remote on/off jack.
Thus, when recording or playing cassettes, the operator
(you) pushes the desired keys on the recorder and the
TRS-80 switches the recorder on and off at appropriate
times. You also need to set the volume level when
playing back tapes. When recording, a dummy plastic
plug must be stuck in the MIC jack to deactivate the
built-in condenser microphone. The CTR-41 features a
tape counter, very handy for finding your programs.
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FEATURE : TRS 80

The interior of the TRS-80 reveals two
PCBs, one of which carries the keyboard
while the other deals with the rest of the
TRS-80’s circuitry. The fiexible connector
that joins the two boards can be seen
bottom left while the expansion bus is at
top left.

One dislike about the cassette system was the fact
that the TRS-80 maintains control of the cassette
machine at all times as long as the remote plug is left in
you have to keep removing the plug to fast forward or
rewind a tape to the desired position (This could easily
be overcome by fitting a simple on/off switch in the
main unit to short the remote jack and thereby provide a
computer control/manual override switch).

Video Display

Designed specifically for the TRS-80 the video moni-
tor accepts the signal from the keyboard unit and
displays it on a 12 inch CRT. The video signal is fairly
standard with OV for sync level, 0.6V for black level with
peak white at 2V. Impedance is 750R. The circuitry is
isolated from the rest of the system by an opto isolator.

Power Supply

Nothing much to say about this, it converts the mains to
a 17V AC unsmoothed output.

The Manual

This item is almost as invaluable as the Z80 MPU
itself even if you've known BASIC all your life. It starts
off by assuming you have never seen a computer before
and it takes you easily and clearly through everything
that you could ever want to know about BASIC and its
implementation on this machine, starting with switching
the machine on and ending with how to set up data files.

One thing we particularly liked about the manual
was the trouble Tandy have taken to make, sure that
some of the sample programs don’t work so that they
can then go on to fully explain the error messages that
the TRS-80 can give and how to interpret them and then
go on from this to learn how to correct (de-bug) your own
programs.

Another very useful section of the manual is an
appendix which gives the listings of 11 subroutines to
enable the TRS-80 to perform all the scientific and trig.
functions that the interpreter can not do directly. These
routines are numbered and arranged in such a way that
they fit easily into any program you are writing that
needs them while at the same time requiring only half a
dozen lines of program each so they don't take up too
much program memory.

Software .

As a home computer system, the TRS 80 is probably the
least hardware oriented we have seen. There are two
points which support his thinking: you can’t get at the
internal hardware without voiding the warranty and
there is no hardware interface capability other than to
the display and the cassette recorder.
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In the market at which the TRS-80 is aimed however
the potential customer will be influenced by what he
sees (ie- packaging) and by what he can be led to believe
about it (by advertising, by friends, by using the system,
and even by reading electronics magazines). That
customer’s attention will be focused on the keyboard
and display not on the internals. It won't matter to him
that a Z-80 incorporates efficient machine language
instructions for data searching and moving or that it's a
microprocessor that can run at a 2MHz clock rate. He
will be more interested in what it can do as opposed to
how it does it (he's buying capability, fun and perhaps.
even status, not speed).

A Look At What You Get On The Soft Side

The TRS 80 comes with “'Radio Shack Level 1 BASIC"”
in 4K ROM. Level 1 claims to support “‘standard BASIC
statements’’'. But whose standard? It seems to be
Tandy’s since some important capabilities are missing
(for example: exponentiation and array dimensioning).
All calculations are performed in floating point with 5 or
6 decimal place accuracy. Twenty-six numeric variables
are available (A to 2Z) along with one numeric array
variable. Two 16-character string variables can also be
used. Actually, these are more properly called “'string
things’’, since they cannot be compared, manipulated,
indexed or used in any but the most mundane ways. You
can input and output using them, but that's all folks.

»

The display produced by the TRS-80’s version of backgammon
makes use of the (limited) graphics capability of the machine.
However, as can be seen, a quite acceptable display can be
produced by the system.

1=ROLL DICE, 2=REDRAN BOARDy 34EW GodEn_




FEATURE : TRS 80

Cassettes can be used to handle programs (CSAVE
and CLOAD commands) or data (PRINT#kand INPUTH:
statements). Since whatever you have in memory will be
wiped out if you cut off the power (intentionally or
otherwise), having a cassette recorder to store your
information permanently is invaluable. And it makes
entering of other people’s programs (such as the Back-
gammon and Blackjack games supplied by Tandy)
especially convenient.

Speaking of which, the Backgammon game makes
‘extensive use of the TRS 80°s rather limited graphics
capability: there are virtually no special graphics cha-
racters — you’ve got to construct whatever image you
have in mind by turning on some points on the display

(48 points vertically by 128 points horizontal). This can

be tedious. Mind you, in the low cost home computer
system field this is not unusual. To compensate you can
write sub-routines which draw vertical and horizontal
lines, draw patterns, fill them in etc.

You And Your Program
Immediately after powering up your display and key-
board, the following will appear:

READY
At this point you can-
1) do simple calculator type computations (immediate
execution)
2) bring in a program from tape.
3) type NEW and enter a program
~ Program statements are preceded by line numbers to
distinguish them from immediate execution statements
and keep them in order. A LIST command is available to
display the program. Unfortunately the cursor control
keys cannot be used to edit this display, so if you want to
change a line in a program, you must retype the entire
line.

Output which would otherwise stream by while your
program is executing can be frozen by depressing any
key. Unfortunately, if you interrupt the program itself,
you cannot modify the variables it is using and then
return to the point of interruption. So your only altern-
ative is to rerun the program and in many cases, that's a
nuisance.

As for error messages, they are confined to: WHAT?
HOW? or SORRY (along with an indication of where the
problem is). These terse messages are not unexpected
when you consider that the interpreter was written to fit
into 4K of ROM. In a tradeoff of readability against the
amount of program code you can fit into the standard 4K
of RAM, Level 1 has a "‘shorthand dialect’". For
example: G.=G0O TO, N.=NEXT, and P.=PRINT.
However, REA. seems to be a shortform of dubious value
for READ (probably done for consistemcy).

The TRS-80 character set is shown betow, note that some minor
variations between this set and those on current production
machines may be noted. In addition to these characters, the

screen is divided into 6144 cells each of which may be lit or
dimmed to form graphic characters.

THE TEXT ON THE TRS-88 LOOKS LIKE THIS. EACH CHRCTER
IS A FIVE BY SEVEN DOT MATRIZ. THE COMPLETE SEY LOKS
IKE THIS: |
RBCTEF GHI KLIOPERSTUMIBYZ. 23456789823 . /

T O RO

TXTEEN LINES OF SIXTY-FOUR CHARACTERS ARE MWAILABLE.

Make It Fit

The overriding philosophy controlling the design of this
interpreter seems to have been ‘‘make it fit'". It's hard to
believe that a 4K interpreter is anything but “stripped
down'’ after you've used this one and it is somewhat
unrealistic (no pun intended) for Radio Shack to claim,
as they have in their sales literature, that "‘applications of
the TRS 80 are limited only by the imagination and
ability to write programs’’. Try something quite un-

imaginative like sorting a list of names. Good luck! You'll

need it.

Level Il

From the sketchy details available on Level || BASIC, an
interpreter written by Microsoft, the statements and
functions to be available would appear to make this
version of BASIC at least as powerful as PET’s including
many editing features. In fact we would go so far as to
say that Level Il is the most significant upgrade for the
TRS-80. We wonder how logical it is to sell a home
computer with such a limited BASIC and then offer the
upgrade as an option. Will this turn people off com-
puting, or will most of them jump for BASIC Il anyway?

Level || BASIC will cost you £79 when it apears in
July. We also understand that a Level Il machine is to
cost £79 more than a Level | model. This combined with
the £229 pounds Tandy are asking for converting a 4K
system to 16K seems to indicate that in these areas at
any rate expanding your system with Tandy’s help will
prove expensive. As far as the RAM goes, however, you
could buy the devices yourself, conversion involves
taking the 4Kx 1 devices from their sockets and replacing
them with 16Kx1 chips. Change a few jumpers and your
machine is now a 16K model. Cost — about £100.

Other hardware items are planned but there are no
firm dates or UK prices fixed yet though we do have
some US prices from which we can make an educated +
or — 10% guess.

1. SCREEN PRINTER reproduces anything displayed on
the screen including graphics at 2200 chars. / sec (price
about £480)

2. LINE PRINTER 110 chars./sec,5x7 dot matrix com-
mercial standard impact printer (price about £1000)

3. MINI DISK of which the TRS-80 can operate 4. 80K
bytes per disc. 125K bytes per sec transfer rate. % sec
average access time (price each about £400)

We were not as impressed with the TRS-80 as some
of the other machines in this price bracket we have
looked at. Lack of hardware access, and software which
is primitive, combined to make it a less attractive product
to anybody with even a little experience in home (or for
that matter any) computers.

The Level Il BASIC would make the machine a far
more attractive proposition than at present and even
with the additional £79, still an attractive choice on the
grounds of cost.

The end result is that if you're in the market for a
machine like this you should look very carefully at what
you need and what you can get for the money.

During the review it was discovered that it was pos-
sible to get 32 characters to the line from the display (fat
letters) by recording a string onto tape as a data file and
then CLOADing this as a program. Sometimes using
this method you lose some of the facilities of the TRS-80
and have to remove the power to restore them. (This is a
standard facility of level 2 BASIC by the way).

Anyone for a users club? ET
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In this concluding part of
the article we cover the
assembly procedure for
this compact design.

DESPITE the high complexity of this
project, its construction should pose
no electronic problems to the com-
petent hobbyist. As with any synthes-
iser however, fitting the keyboard and
its associated mechanics will prove
the most onerous task.

Getting Board

Since you have to start somewhere,
the PCBs are the obvious place. There

are five boards all together; power.

supply, keyboard contact mounting
(X3) and main synthesiser. The key-
board we will deal with later.

PROJECT

MUSIC
SYNTHESIZER
PART 2—-CONSTRUCTION

Above: the finished article all set to be
played. This prototype was assembled
using the Powertran Electronics kit,
which includes the woodwork. Below: an
internal view showing the alignment of
PCB and keyhoard. Note very carefully
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the relation of the two as there is not
much space to spare. As you can see from
this photo, we used IC sockets on all
devices as it makes things so much easier
if anything untoward should occur.

Assembly of the PSU board is very
straightforward, but take care fitting
the heatsinks to Q1 and Q3. Wire up
the board to the transformer, and
check that you can obtain the correct
voltages at the output. Adjust RV1
until +12V is obtained on the red
output wire.

Set to as close + 12V as you can
possibly measure. Check that an
accurate — 12V is present on the blue
output wire. The power supply is now
complete.

Main Line

For the main assembly we're going to
assume that you're using the Power-
tran board. Fitting the components to
this is straightforward with the excep-
tion of the switches and pots.

In order to line up the switches
with the front panel and pots, it is
necessary to space these from the
board — the kit contains suitable
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spacers for this purpose. Non-kit
types have to work out the height of
their front panels from the board and
act accordingly. The switch toggles
must come level with the pot spindles,
when cut to take the control knobs.

In either event glue the spacer to
the board — use some powerful
adhesive such as Super-Glue etc.

Cut the pot spindles before you fix
them to the PCB: it's just too big to
handle and too expensive to crack.
The terminals should be top soldered
onto the board, as should the chiripins
used to mate up with the connector.
Take care the solder does not run
down the pins, else the plug may not
fit at all.

Use insulated wire to link the dual
.gang pot RV30 and the waveform
switch to the board. The PCB cannot
be mounted into place until the align-
ment procedures have been carried
out, so there is no excuse for not
checking the assembly very carefully
indeed, especially the IC orientation
and soldering quality. This is a BIG
board which means there is more
space to be careless: —check it!

Powerfull Mount

Following the rear panel wiring
diagram, fit the hardware onto the
case, taking care to mount the trans-
former as low down—away from the
main PCB—as possible. This will
lessen the chance of hum being in-
duced into the circuit.

Insulate the mains wiring wherever
possible, and take careful note of the
earth wiring arrangements—lest the
demon hum return to plague thee!
Anything with mains voltage on
should have a rubber sleeve over it.

The photograph shows the
arrangement of PSU and transformer
on the back panel.

PS06
KEYBOARD
BRACKET

4BA %"
SCREW

PLAIN WASHER

7

Above: close up of the PSU board moun-
ting within the case. Positioning the
transformer is important to reduce the
risk of hum. Mount this as low down,
away from the board, as possible. In the
foreground the resistor chain for the
keyboard can be seen. Below: overall

view of the machine, to give an idea of
what goes where in the box. Note the
three Chiri connectors which fit onto the
PCB on the end of these wires snaking
across the photo. The black area to the
front is the line of keyboard contact
blocks.

Keyed Up?

Now for the tricky bit. The key-
board. This has to be mounted in the
casing first. For this the front panel
should be in position. Fix the brackets
to the ends of the keyboard assembly,
and lower it into place. Follow the
diagram below to adjust the spacing
at either end of the keyboard. If the

-WOOD SCREW
b e

e

N
'SHAKE PROO}
WASHER

Y e
‘/)(/EVBOARD i Y
7

////%’ 205 %) /41":"//;//// £
]

ADJUST THIS HEIGHT SO THAT
THE KEYBOARD DOES NOT COME
INTO CONTACT WITH THE FRONT
PANEL. IF NECESSARY COUNTER-
SINK THE WOODWORK BENEATH
THE 4BA SCREWS IF THERE IS TOO
MUCH GAP

—-
ADJUST THIS GAP SO THAT IT IS
THE SAME AT EITHER END OF THE
KEYBOARD
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gap is more than 0.1", the woodwork
underneath the fixing screws will
need countersinking. :

Set the gap between the black
‘notes and the front panel as shown.

Once the alignment is correct,
screw the brackets into the wood-
work.

ADJUST POSITION i
-
0.

|
.1

On the left is the diagram you’ll need to
line up the keyboard assembly with the
casing and front panel. Follow this as
carefully as you can, as if the keys are not
in the right places, the contact blocks will
not line up with the plungers, and the
keys themselves will probably foul the
front panel. Above is shown the align-
ment of keys and panel.
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NEWS

light to sound units

Phillips have demonstrated a
new digital sound system, in-
corporating a solid-state laser
mounted in a semi-
conventional pickup arm. The
system uses a 110mm disc with
a playing time of one hour per
side, the audio is digitally en-
coded to provide very high fi.
Phillips have christened the
system ‘Compact Disk’, and
hope to have it ready for the
consumer market in the early
1980s. RCA have also been éx-
perimenting with a similar, but

incompatible, system as an
offshoot of their video disc de-
velopments.

A bit nearer to the present is
the Sony digital recording sys-
tem. This is an add on to their
U-matic or Betamax video
recorders, which encodes the
audio as a signal on the video-
tape. Quality is said to be orders
of magnitude better than con-
ventional recording systems.
Price is expected to be around
the £700 range available from
late summer.

strike detector

An ultra-simple method of de-

termining the force in light-

ning strikes has been developed
at NASA. All it consists of is a 4
foot length of magnetic tape
inside a plastic tube! An 9kHz
tone is.prerecorded on the tape,
and the tube mounted perpen-
dicular to an exposed conduc-
tor — such as a guy wire. When
lightning strikes a magnetic
field is produced, which erases

part of the signal. The amount
of erasure is proportional to the
field strength and hence the
current in the lightning strike.
To find out how strong the
strike was, or indeed if there
has been any strike, you simply
paly the tape. Current as high
as 17 000 Amps has been mea-
sured on a single guy wire with
the device. Why is it that all the

.best ideas are so simple?

mars bars and chips

Mars Money Systems (relation)
are starting to take delivery of a
new device from AMI Micro-
systems. The fiendishly clever
hunk of silicon is a dedi-
cated one bit (bite?) MPU with
onboard PROW, it is to be used
in vending machines for coin
acceptance and change giving.
It not only counts how much
you feed into the machine, it
also works out the correct
change and gives you it (if there
is not enough money in the
change chute it returns all your
money).

Coin sensing is done with 3
coil like inductors, embedded in
the wall of the coin path,
frequency shifts are produced
as the coins roll past—and the
IC compares them with
reference data stored in the
PROM. The one bit brain can
check far more precisely than
any mechanical system, and the
PROM can be pre-peed for any
currency in use in a particular
country. AMI Microsystems,
3800 Homestead Road, Santa
Clara, CA 95051, US of A,

alas, poc;;’ 'ca,pek 7

It seems that we made an
omission in the recent Robot
issue, as the following from Mr
D. B. Pitt points out . . . In
analysing the word ‘Robot’ we
forgot to mention Capek, equi-
valent to analysing the word
‘chortle’ without Lewis Carroll.

Robot represents the first
two syllables of the Czech word
for worker, and, allowing for
slight vowel shifts, the rule
applies to all the other Slavonic
languages.

The word officially entered
the English language in April
1923 with the first presentation
of the play R.U.R. (Rossom’s

Universal Robots) by Karel
Capek, the famous Czech play-
wright, at the St. Martin’s
Theatre, London. The transla-
tor, Mr P. Selver, wisely left the
word robot unchanged from the
original Czech.

In practice, the word was
already current in certain
circles before that date, as the
fame of Capek’s political satire
had preceded it, thanks to the
popular press, which was quick
to seize on the sensational
aspects of the play’s theme, a
world taken over by a revolt of
man-made factory workers.
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bofis challenges challenger

Up until recently the computer
chess field was dominated by
the manufacturers of the Chess
Challenger — Fidelity Elec-
tronics of Chicago. After the
tremendous success of the or-
iginal model came the improved
3 level version, now they have
introduced a 10 level version
with lots of new features. The
response time varies from 5
seconds on the beginners level,
to a 24 hour response (sugg-
ested only for postal games!),
because you may not notice
when the computer makes a
move it makes a couple of beeps
when it has.

Now another company has
entered the chess arena, with a
machine called Boris, and they
claim that Boris is the King of

~
24

the computer chess world.
Manufactured by a company
called Chafitz in Rockville,
Boris can even play with itself
(and not go blind!). Other nice
features include an 8 digit
alpha-numeric display and
completely variable response
time, the alpha capability is
used to display pieces as pic-
tures and also for messages
(illegal move, good move, etc)
— the response time can be set
from 1 second up to 99 hours, so
you can program it/him to very
specific skill levels.

Price of the Challenger 10 is
expected to be in the region of
£200; Boris will probably be
about the same. Neither
machine is expected to be
available in the U.K. until 1979.
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Onto the contacts. Fit and solder
the 27R4 resistors to the three PCBs
as shown on the diagram above. One
will be full with 12 resistors and the
other two have eleven each, one mis-
sing at the right end on one PCB, and
one missing at the left end of the
other. (There are two resistors left
over at this stage.)

Close Gontacts Of The Key Kind
Solder in the contact assemblies,
but make very sure that right angles
exist between the block and the PCB.
This is important. Graph paper may
help in lining up.

Leave out a contact block where
the resistors are omitted: the diagram
may help.

All three PCBs are wired together
as shown in the keyboard wiring dia-
gram taking care to place the ‘gaps’
correctly. Get the spacing correct by
lining up the contact blocks with the
keyboard plungers. Note the
positioning of those two spare resis-
tors.

Sand down one side of the contact
strip, and lay some contact adhesive
alt over it, and the same with the
soldered-in contact blocks. Make very
sure that before you affix the strip
onto the blocks that you have lined it
up properly, as once the glue gets
hold you've had it.

The contact blocks are very deli-
cate, so handle them carefully, and
don’t touch the wires with your
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Contact blocks and resistors and where to
put ‘em. Follow the drawing above to fit
the block tothe PCB, and then line up the
angle as shown below. On the lower left
is the keyboard wiring diagram which
shows the connecting together of the
boards and the placing of the two spare
resistors. The photograph shows what it
all looks alike when you’ve finished.

fingers. If you do you’'ll leave a de-
posit behind which may well cause
malfunction. When satisfied that the
assembly is O.K. position it over the
plungers, and screw it down to the
metalwork. Check that every plunger
operates a contact, and that both
contacts in each block operate when
the key is depressed.

Keyboard completed — wasn't.
that bad after all (was it?)

The contact assembly for the key-
board should be the last thing you fit
into place before wiring up all the
boards as per the interconnection and
wiring diagrams. With this in place fit
the base plate.
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Alignment is best carried out with
the front panel removed, and the
PCBs fixed in. Before commencing
alignment though, check everything
very carefully.

When attaching the front panel to
the machine, check that it does not
foul the keyboard, and that the gap
between it and the woodwork is the
same at either end.

Alignment
This will be dealt with in sections.
To aid setting up and alignment proc-
edures, test point waveforms are
given for important nodes throughout
the design.

VCO Alignment |
There are several pitch controls for the
VCO. All control voltages are injected
via large resistors and are thus suitaby
attenuated. The pitch bend pot uses a
couple of diodes to produce a dead
.zone in the middle of its motion. This
control voltage is then fed in via a
180k resistor and mixed with all the
other control voltages.

Pitch Spread

The keyboard samplie and hold pro-
duces 830mV /octave. This has to be
attenuated to 18mV to produce
octaves. To do this, a resistor of 46k
is required. R31 and RV3 consti-
tutes a variable resistor (39k2 to
49k2) that should enable the key-
board pitch spread to be aligned.

Turn RV6, 7, 8, 9 fully anticlock-
wise. Put the transpose switch in its
central position. Set RV5, 4 to their
central position. Play the top note on
the keyboard and measure its
frequency, using a scope or a
frequency meter, or maybe if you are -
a musician just listen to it! Now play a“
note one octave below it and adjust
RV3 until the interval is one octave
below it and adjust RV3 until the in-
ternal is one octave. Recheck the top
note and then try the tracking for two
or three octaves down, making any
necessary adjustments to RV3. Note
that the top note on the keyboard is
not affected by RV3 adjustments.
Now put the transpose switch to + 2
octaves and adjust RV12 for a 2 octave
increase. Then switch to —2 octaves
and adjust RV13 for a 2 octave
decrease.

VCO Shape Modulation

IC14, 13, 15 is the VCO shape
modulation circuitry. IC14 is a half
wave rectifier, and is used to sum
together the manual shape voltage
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Above: test point waveforms and voltage measurements for the VCO circuit of the
synthesiser. Readings should be taken with as high an impedance meter as possible.
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PIN &

112
PIN 3
PIN 13 -0.6V nC
1C10

PIN 6 —0.6v DC

+80mV TO —130mV
CONTROLLED BY
VCO PITCH CONTROLS

PIN 9

(RV14), and the sine wave voltage
from the slow oscillator. The output
from this circuit is limited to a range of
0O V to about —10 V. As the manual
shape pot is rotated clockwise the
waveform at the junction of R57, R59
will change from a ramp into a
triangle, this being due to the full
wave rectification. With RV14 fully
clockwise and RV15 anticlockwise
adjust RV 15 so that the waveform is a.
symmetrical triangle.

The last shape generator is a
fast comparator. The ramp waveform
plus the modulation voltage are fed
into the comparator input. The
modulation voltage shifts the DC level
of the ramp and in doing so the com-
parator levels change resulting in a
varying markspace ratio output, IC15
pin 6. The diodes limit the voltage
excursion to about+ 0.5 V.

Set the VCO to + 2 octaves, tune
the keyboard high and play the high-
est note. Now set RV10 anticlock-
wise, RV14 clockwise and monitor

the squarewave output, 1C13 pin 6.
Adjust RV 11 until a very thin pulse is
generated. Retate RV14 anticlock-
wise and the markspace ratio will
revertto 1to 1. Nowset RV14 to 50n
the dial and slowly rotate RV15. The
markspace ratio will be modulated at
the speed of the slow oscillator.

There may be some problems with
control breakthrough in the VCA but
this can be minimised with a preset
adjustment, RV22. Turn the VCO and
noise levels to 0. Make sure that the
filter is not oscillating. Put the ADSR
on a fast repeat with fast attack and
decay and no sustain level. Set the
BY-PASS switch to ADSR and look at
the synthesiser output. There will
probably be some control break
through caused by the ADSR, which
will sound like a series of thumps. By,
adjusting RV22 a minimum in the
thump level will be found. Just like
the 3080s in the VCF, best perfor-
mance can be obtained by carefully

selecting 1C22.

ELECTRONICS TODAY INTERNATIONAL — AUGUST 1978




\

PROJECT : Synthesizer

—PARTS LIST

-
RESISTORS (all W 5% unless stated). CAPACITORS
C1,2,10,18, 26, 27, 29, 30, 32, 34
R1, 18, 55, 58, 120, 127 4k7 43, 45 100n polyester
R2, 8, 43 10k {0.5%), C3. 4 1000u 25V electrolytic
R3, 49, 133 12k C5, 7,8, 37 2u2 25V tantalum
R4, 7 3R3 Ccé 330p polystrene
R5, 37, 38 6k8 (1%) C9 1u0 25V electrolytic
R6, 83, 96 1k0 C11,14,15,17 22n polyester
R9 475 (1%) C12,19-21, 35, 36, 31, 48 10n  polyester
R10, 80, 81 680R C13 330n polystyrene
R11, 78, 61 27k C16, 28, 33, 46 1n0 polystyrene
R12,16, 22, 23, 70 39k C22, 44 3n3 polystyrene
R13, 84 100R C23 22p ceramic
R14, 27, 48, 60, 69, 136 220k C24 5p0 ceramic
R15 1k5 C25,41,42, 47 1u0 25V tantalum
R17, 28, 29 10M C39, 40 100u 25V electrolytic
R19, 51, 56, 64, 75,77, 79, 100k
89, 90, 93-95, 97, 101,
103-108, 122, 128, 137
R20 470k
R21.57,102, 114, 119,132 22k SEMICONEU CTORS
R24,30,47,86, 118, 121, 47k IC1 uA 723C
126,131,134 IC2,3-5, 7, 8,10, 14, 15, 18,
R25, 36, 59, 85, 87, 88, 91, 10k 21,29, 31-33 741
109, 113 116-117 IC6,9,11,17, 20, 30 CA 3140
R26, 35, 39, 82, 92, 98 1MO 1IC12 LM311
100, 135 IC13 748
R31, 65 39k2  (1%) IC16, 19, 22 CA3080
R32 680k IC25, 26 CD 4001
R33, 66 130R 1C27, 28 CD 4016
R34 870R (RTC) IC34 CD 4030
R39 ™ (0.5%) IC35 CD 4006
R40, 62, 138 56k {2%) Q1 TIP 29A
R41 470R Q2 BC 213
R42, 74 15k Q3 TIP 30A
R44 12k1 {(1%) Q4, 5 BF 244C
R45 2k7 Q6, 13, 15, 20-22 BC 182
R46 309k  10.5%) Q7,9,10,12 CA 3046 (2 off)
R50, 130 150k Q8 2N 4859
R52 120k Q11,14,16-19 BC 212
R53, 54 7k5 D1-37 1N 4148
R63, 71 390R ZD1 4v7 400mW
R67 820R (RTC) D2, 4 5V6 400mwW
R68 15k ZD3 3v3 400mw
R72, 73, 110 2k2 BR1 RS 261 772 (1Aat 400V)
R99 3k9
R111 390k
R112,123 82k
R124 330R SWITCHES™
R125 8k2
R129 68k SW1 DPDT 250V AC
Keyboard chaini (37 off} 27R4  (0.5%) SW2,3,6,8,9 single pole slide changeover
; SwW4 1 pole (2 way) rotary
SW5,7,10 double pole slide
POTENTIOMETERS changeover
| RV1,3 1.0k ‘cermet
. RV2, 23-27 ™ log
g RV4, 5,15, 21 100k lin MISCELLANEOUS
RV6-10, 14,17, 18, 28, 29 10k lin Five 4" mono jack sockets, one % stereo jack socket (all |
RV11 22 28 100k lin preset panel mounting), 37 note keyboard with contact blocks,
RvV12,13 50k cermet woodwork and case to suit, PCBs, three core mains lead, knobs
RV16, 32 100k log to suit, OA5 fuse with holder, 240V to 15-0-15V at 200mA
RV19, 33 10k log transformer, three five-pin Chiri connectors, eight spacing
RV20 10k lin preset biocks for switches, one foot pedal unit with cable (optional),
RV30, 31 10k lin (ganged)- grommets. :
. the keyboard and adjust the Turn the Resonance pot anticlock-
VCF Alignment 'FREQUENCY" pot to give a TkHz wise until the filter stops oscillating.

The VCF pitch spread should be set up.
as follows. Turn off RV16 and RV33.
Switch the filter 'CONTROL’ to KB,
the 'RESONANCE’ to ‘OSC’ and the
‘AD SWEEP’ to 0. Play the top note on

sinewave output. Now play a note,
one octave below the top note and
adjust the present RV20 for a one
octave decrease. Check the lower
octaves making any necessary adjust-
ments to RV20.
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Turn up the VCO level and insert a
ramp waveform at a frequency of
about 100Hz. Now switch the VCF
‘Control’ to RANDOM. The tone of the
filtered signal should now vary ran-

domly.
a9 P
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Main overlay for the
Transcendent 2000 syn-
thesiser design. As you
may notice only a little
over half the board is
shown here. The other
half you’ll find over the
page.

The reason for this is
simply that with a PCB of
this size our pages are too
small to hold the diagram
and still have it readable.

Foil patterns are not
shown here, and the PCB
is available from Power-
tran — see BUYLINES for
details.

The two sets of con-
tacts shown are mated
with the Chiri connectors
from the back panel
wiring. Make sure the
pins are straight, and that
no solder has run down
from the board, or the
plug will not fit properly.

On the lower right is
shown the PSU board
overlay. Note that Q3 and -
Q1 require to be heat-
sinked for correct opera-
tion.

Both the boards should
be checked very carefully
during assembly, and
make sure you use the
switch spacers on the
main PCB. Cut the pot
spindles before mounting
them.

Problems?

Any problems in the VCF circuitry are
likely to emanate from IC16 or IC19.
If there are any large input offset vol-
tages or current mirror imbalances or
output leakage currents, then these
will degrade the VCF performance.
What will probably oc¢ur is that there
will be a large DC offset voltage on the
outputs that varies as the resonant
frequency varies. This may cause
severe signal dipping at certain
frequencies and will only be cured by
replacing the errant.3080.

The filter has two outputs, a band-
pass and a lowpass. The signal
volume will generally be less from the,
bandpass output because this output

50
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attenuates all hut the harmonics that
lie close to its own resonant
frequency, whereas the lowpass out-
put has a flat response area which
extends from somewhere just below
resonance down towards low
frequencies, and harmonics in this
region are not affected.

Sweeping Statement

The ‘synthesiser sound’ is generated
by sweeping the VCF resonant
frequency with an AD waveform. This
sweep voltage is variable in both
depth and direction. The sweep pot is
a dual pot; on one of its tracks there is
an AD waveform at one end and the
inverse at the other. Thus the wiper

— Ao N s

will pan from a sweep going upwards
to one going downwards. Two diodes
provide a dead zone in the middle so
that a pot position of No Sweep can be
eastly found. The second track on the
AD sweep pot is used to provide a
compensating DC level shift so that
the frequency pot doesn’t need to be
retuned when the AD sweep depth is
altered.

ADSR Alignment

Set up the VCO and VICF so that a
ramp waveform at 500 Hz is
presented to the VCA. Turn the
RELEASE pot fully clockwise and put
the BYPASS switch in the ADSR
position. Listen to the VCA output
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data, sheet

208 COUNTER/DECODE

fiHe ICM208 (Savailable ex stock terminal 23 provides an input which by- — el ol

from Rapid Recall Ltd, 9 Betterton P35S the 2 least significant decade Rz ol 20 = wvoce
Street, Drury Lane,- London, WC2. count.er. S!mllarly termlnals.7 and 27 aanope [7] | (7] e s
permit rapid counter advancing at two ; « anope [3] (2] 1 anooe
points further along the string of i @ [%5] catHooe =4
Features: decade counters. carwce = 5] i 2] earmont o2
® Useful for: Counter Input Definition catnoot =5 (¢ B G 23 4507
a. Unit counter The internal counters of the ICM 7208  Waesevavcsoar=a ] | | |2 carwone 2
b. Frequency counter index on the negative edge of the input e 5] [21] catnope =1
c. Period counter signal at terminal #12. DISPLAY ENABLE INPUT [ | 20] Mux. iINPUT =2
® |Low operating power dissipation < catnone =7 [10] ] Mux, imveut 1
10mW . ol ) Format uf signal STORE INPUT [17] ['8] ¢ anopE
' Lov\\//V quiescent power dissipation < The noise immunity of the Signal Input counten NPT [12] {17) © anooE
® gm o Terminal is approximately 1/3 the SUpp'y INHIBIT INPUT [13] [6] mux. tNeUT =3
ounts and displays 7 decades voltage. Consequently, the input signal neseT weur (1] i) o
® Wide operating supply voltage range should be at least 50% of the supply in i
2V <IVpp — Vgg! <6V peak to peak amplitude and preferably
® Drives directly 7 decade multiplexed ~ equal to the supply. NOTE: The amp- e
common cathode LED display litude of the input signal should not G ;
e |nternal store capability exceed the supply; otherwise, damage
® |nternal inhibit to counter input = - : = = = == ‘ﬁ
® Test speedup point Fig. 2. Absolute maximum ratings. |
® All terminals protected against static |
discharge {
S ] Power Dissipation (Note 1) 1 watt ]
Descl’lptlﬂn‘ Supply voltage IVDD - VSS' {Note 2} 6V !
. L Qutput digit drive current {Note 3) 150 mA
The ICM 7208 is a fully mtggrated seven . e ST LA T 30 mA {
decade counter-decoder-driver and is Input voltage range (any input-terminall Not to exceed the supply voltage
manufactured using the Intersil low volt- ' gp‘""‘""g A P =0 “i:;;’og .
age metal gate C-MOS process. As such areselemEgt S e e ks '

it has applications as either a unit,
frequency or period counter. For unit
counter applications the only additional
components are a 7/ digit common
cathode display, 3 resistors and a cap-

* Absolute maximum rating define parameter limits that if exceeded may permanently damage the device. ‘

acitor to generate the miltiplex fre- Fig. 3. Typical operating characteristics.

quency reference, and the control 2 :

switches. (VDD - VSS = 5BV, TA =25 C, TEST CIRCUIT, display off, unless otherwise specified}
i, . L -

SDECIflCZ:I"y the "(;M 7208_ provides PARAMETER *SYMBOL CONDITIONS MIN | TYP | MAX | UNITS
the fOHOWIng on Chlp fUnCtIOﬂS: a 7 Quiescent Curenl~ “BiE _IDD1 ;_Aﬁ controls p_lus_termina'l 20 connected to = 30 i 100 HA
decade counter, multiplexer, 7 segment | | Vpp- No multiplex oscilfator
decoder, dlglt & segment drivers, plUSw Quiescent Current | Tbp2 AII\;:omroI inputs plu;tt:r:nlnal 20 conr;ected | 70 150 LA

o e . . t except store which is connecte
additional logic for display blanking | i ver =0 T |
reset, input inhibit, and dlsplay on/off. {7 Operating Suppiy : ToDs Al inputs connected to Vpp, RC multiplexer 210 500 A

The ICM 7208 is intended to operate L Current | osc operating f; \ « 26KHz il

Operati I I i 1
over a supply voltage of 2 to 6 volts as "Z’:{:Zﬂf”""" iy - 2MHz _ 700 | pA
a medium speed counter or over a more Supply Voltage Range : Voo | fn 2MHZ 35 155 [ v
o . - + I ey It b
restricted voltage range for high fre- Digit Driver On Resistance | Ay [ 4 1277 ohm
uency a lications. 1 Digit Driver Leakage [ 500
q A yf PP it 5 Current - » i i _ e
s frequency counter it is recom- Setmoie LA = - "~
mended that the ICM 7208 be used in | On Resisjance S
conjunction with the ICM 7207 Oscil- - Segment Driver b g | ‘ 500 | pA
lator Controller which provides a stable LepkageiCurrent, ST ! e —i
. 3 . Pultup Resistance of Resef Rp 100 400 Kohms
HF oscillator, and output signal gating. 1 orSworelnputs 1 ] Indgll |
. Counter Input Resistance { RlN | Terminal 12 either at VDD or VSS potentials 100 Kohms |
Testing Procedures Counter Tnput Fysteresis [ 7 % | 50 | mv
i - s Voltage
The ICM 7208, is provided with three . T
b 2 o 2 NOTE 1 This value of power dissipation refecs to that of the packuge and will not be obtained under normal operating conditions.
'nDUt termlnals ¥ 7'23'27 Wthh may be NOTE 2 The supply voltage must be applied before or at the same lime as any 1nput voltage. This poses no problems with a single power
used to acce!erate teStlng. The least two b supply system. It a multiple power supply system is used. it is mandatory that the supply for the ICM 7208 is not switched on '
H ] after the other supplies otherwise the device may be permanently damaged. i
S'gniflcan.t decad.e COUnterS may be teSted | NOTE 3 The output digit drive current must be hmited to 150 mA or less under steady state conditions. (Short lerm tiansients up to
by applying an input to the ‘'COUNTER 250 mA will not damage the device.) Therefore, depending upon the LED display and the supply voltage ta be used it may be I
|NPUT, tel’minal 1 2 /TEST POI NT, == n.ecessarv to nrnciude> additional segmijx:ifs.vc.sis“tojs 10 himit me‘digu .currems.r o = ) ; _«!._..
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7208 COUNTER/DECODER/DRIVER

may be done to the circuit.

The optimum input signal is.a 50%
duty cycle square wave equal in amp-
litude to the supply. However, as long
as the rate of change of voltage is not
less than approximately 10°4V/ i sec at
50% of the power supply voltage, the
input waveshape can be inusoidal,
triangular, etc.

Display Considerations

Any common cathode multiplexable
LED display may be used. However, if
the peak digit currents exceeds 150 mA
for any prolonged time, it is recom-
mended that resistors be included in
series with the segment outputs (ter-

minals 2, 3, 15, 17, 18, 26, 28} to limit

current to 150 mA.

The ICM 7208 is specified with 500 uA
of possible digit leakage current. With
certain new LED displays that are
extremely efficient at low currents, it
may be necessary to include resistors
between the cathode outputs and the
positive supply Vpp to bleed off this
leakage current.

Display Multiplex Rate

The multiplex frequency reference is
divided by eight to generate an 8 bit
sequencer. Thus the display multi-
plex rate is one eighth of the multi-
plex frequency reference.

The ICM 7208 has approximately
0.5 us overlap between output drive
signals. Therefore, if the multiplex rate
is very fast, digit ghosting will occur.
The ghosting determines the upper limit
for the multiplex frequency reference.
At very low multiplex rates flicker be-
comes visible.

It is recommended that the display

miltiplex rate be within the range of 50

Hz to 200 Hz which corresponds to
4C0 Hz to 1600 Hz for the reference
frequency.

Control Input Definitions

1 INPUT

f

TMNL VLTG FUNCTION
1. Display 9 Vpp Display on
i -Vssg Display off
2. Store 11 Vpp Counter inform.
: Stored
Vss Counter Inform.
Transferring
{3. Inhibit 13 Vpp Input to Counter
Blocked
Vss Normal Opertn.
4. Reset 14 Vpp Normal Opertn.
Vss Counters Reset
58

MAXIMUM INPUT FREQUENCY #;5y MH2

SUPPLY CURRENT lpps #A

MAXIMUM COUNTER INPUT FREQUENCY
AS A FUNCTION OF SUPPLY VOLTAGE

SEGMENT OUTPUT CURRENT AS A
FUNCTION OF SUPPLY VOLTAGE

30.0 :
(=1 | e e 4
Ta=25C [UANRLZAC /
Any I ' LED FORWARD VOLTAGE
9 2 =2 ™ DROP @ 15 ma- 1.8V
» 5 SEGMENTS LIT
6.0 - T Z 200 =7
&
/ 4 :
2
l 3
5.0 f £ 150
/ : /
>
8 I
Wb+ — +— A i - = 10.0
| / 5 /
s
=
3.0 i 9 50
AN =
0 1.0 2.0 3.0 4.0 5.0 6.0 i 1.0 2.0 3.0 4.0 5.0 6.0
SUPPLY VOLTAGE Vg - Vss SUPPLY VOLTAGE Vpq - Vss
SUPPLY CURRENT AS A FUNCTION SUPPLY CURRENT AS A FUNCTION
OF SUPPLY VOLTAGE OF COUNTER INPUT FREQUENCY
300 600 7
[ H T HiiNE
TaA=25C TalzsC I
250 |—finy = 25KHz, e 500 ;
RC pscrilator 1.5 KHz 1
| < T /
200 T 5 400 :
/ :
|
150 — - 3 300 Vi
. / % ]
g [C16KHz RC MUX OSC I
3 00
100 —t
4 /
/ i Vi
50 100
) // 1.«151(515 (EXTERNAL MUX INPUT | L~
IS 1 - 1
| o 0 0 o
0 10 20 3.0 4.0 5.0 6.0 0.001 0.01 0.1 1.0 10
SUPPLY VOLTAGE Vpp - Vss COUNTER INPUT FREQUENCY fy MHz
Fig. 4. Typical performance charactieristics
@ >
== 75 !I_] [_] H O 5 H
S o |
= T
7 6 5 l 3 2 1 *—— COMMON CATHODE
| e
ammmmee = =
| ] | |
Voo | C e - e |
’-%E 5.0¢ _li 1 e 27 } ‘ i)
e T T 3 2
L ! I - = nrd
= = 5 11‘ T 1
e - = 6 2 1 Voo
’ 55 VODo—7 icm 208 22 -I- —I
| Rev 100K =2 2 100K
i DISPLAY O—AAA ‘ RIS AW/
l Vss 10 19 VW
i i 18 s
— molgzuss,mc = —— | 1‘2 :: — )
on! ; i ._Aji 15 OshaF
°Vop J V.:s T RESEY o i
ovss
Fig. 5. Unit counter schematic. ETN
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PROJECT

- ETIWET
PLANT WATERER

If your plants suffer from a drink problem let our ETI WET look
after them when you are away, ensuring that they get their

WATER, WATER, EVERYWHERE
and not a drop to drink runs an old

poem, well plants need to quench
their thirst as well as humans — and
during holiday time most are left to
wilt. In the interests of flower power
we decided to produce a unit that
would refresh the plants that owners
could not reach, hence the ETI WET.
The unit consists of a sensor,
timer and electric water pump. The:
sensor is embedded in the soil and
when dry the electronics operate the
water pump for a preset time — thus
infusing the plant with thirst
quenching water. When the plant
has drunk its fill and the sensor is dry
again the cycle repeats. In this way
you can soak up the sun in the
knowledge that your prize plant is
getting its fair share at home.

CGonstruction And

Calibration

The electronics are mounted on the
PCB, using a socket for the IC. We
used a plastic card filing box for the
case and a 5 litre container to hold
the water supply. Make sure you drill
an extra small hole in the cap of the
water container — so that air can
replace water when the pump
operates.

We used a small 6V pump (see
buy lines) but other pumps can be
used. For example a pet shop can
probably supply small pumps (used
in fish tanks) and pumps are
available from most car accessory
shops (used for windscreen water). |f
the pump you use needs 12V the
battery will need changing — the
electronics will work at this higher
voltage.

The moisture ¢ontrol and water

daily dose of life giving liquid.

MOISTURE
LEVEL

Head on view of the completed prototype, the LED can be left out

if you want extended battery life.

flow control need careful setting — to
ensure that the plant gets enough
water, but not too much. When first
switched on the ETI WET will pump
water for the time set by the water
flow control — use this water to wet

ELECTRONICS TODAY INTERNATIONAL — AUGUST 1978

the soil around the plant, with the

probe in position.

With a properly watered plant;
adjust the moisture control until the
ETI WET feeds more water — then

reddce the setting. =3
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WATFORD ELECTRONICS

Introducing DM900 — The
DIGITAL MULTIMETER with
“Hidden Gapacity” — It meas-
ures Gapacitance too!

(as published in E.T.l. August 1978)
Away with analogue meters for with some of these
you may often as not use a crystal ball to make
.. Circuit measurements instead gaze into-our crystat
] not a ball but the 3% 0.5 LIQUID CRYSTAL
DISPLAY — on our amazingly accurate DMM
incorporating:

5 AC & DC Voltage ranges; 6 resistance ranges
5 AC & DC Currentranges; 4 Capacitance ranges
The prototype accuracy is better than 1%

Q PAIFDRD QRLNDHICE

mmmww

This is a unique design using the latest MOS (Cs and due to the minimal current drain, is
powered by only one PP3 battery. There is also a battery check facility.

The DMS00 is an attractive hand-held, light weight device, built into a high impact case
with carrying handle and has been ingeniously designed to simplify assembly.

Never before have all these features been offered to the electronics enthusiast in a single

unit.

Special introductory price: £49.95% (p&p insured 80p)
(probes optional extra). (Demonstration on at our shop)

{(additional carrying case £1.50°)

TANK BATTLE

Build this fantastic T.V. Game with realistic battle sounds generated from your
T.V. speaker, steerable tanks, controllable shell trajectory and minefields to
avoid. A really exciting and skillful game simply constructed with our easy to
follow instructions. Order now — avoid disappointments.

Basic Kit (just add controls) only £19.50 inc. VAT (p&p 45p insured).

Complete Kit including controls & Mains Power Supply. No extras required. Only

£26.25 inc. VAT (p&p 45p insured).
IC AY-3-8710 £10.50 inc. VAT.
{Demonstration on at our shop)

JACK PLUGS SOCKETS SWITCHES + SLIDE 250V: 4 o o . q 2
_ TOGGLE 24, 250v. [ 1ADPOT 14p R E W Audio Visual have been than 0.1% and noise is said to be
i B | Ll MR Yo Ed 1) B given exclusive distribution less than —65dBm. The unit
gy | 120 | [ ep el break e |oror 3 Qb deay e rights on a new kit for budding needs an external power supply
f " SH BUTTC . A 4
R ||| kR | e [ SRS | e A P | spring loaded rock & roll stars in the UK. tofeed it withthe + and —15V
2 P 12 P SUB-MINTOGGLE | SpSTon/off  60p 3 e o l: . S
STEREO § 31p} 18p | 15p | 24p 220 | S changeover 59p ' Called Prokit 62, it is a 6 into 2 at 50mA it lives on (not sup-
SPDT c/ove 65p 7 X " 0 P
T PLUGS | SOCKETS | in Line | SPSTon/of g;: oPOTETag - 85p audio mixer with features not plied).
2 PIN Loudspeaker i DPOT61gs 707 | Non Locking normally found onmixersinthe ~ Construction time is es-
3. 4.5 Audio 13p 8p 20p | DPDTcentrcoff 790 | PushioMake  15p sub £100 range (at £99.95 it just timated to be a couple of
- d P | Push Break 25p A q A
_CO-AXIAL (TV) 13p 18p o A T o e creeps into this bracket). Each evenings, and a 32 page manual
ETORo) A GBS ey Ad]:s(ableSt%pv?lh'allmgAssembly Accom- input channel has bass and is supplied with each Kkit.
il 10 . ¥ B
assorted colours 125 | 8 doubie = mocalee o arvelers | e treble equalisation, pan control, Further details from R E W
BANANA 4mm 10 p12 - 3257§5§L°'§p"73k§:y“12’75L’i‘y""é;f/zz'f!y‘ eﬁh.o anfdl.cue busls(es’ with  Limited, 10/12 High Street,
B p = : : P choice of line or mike inputs. Colliers Wood, London SW19
2mm 10p 10p - a7p - : : . 1ers ood, London
I -, Spacer and Screen 5 i
~ 3mm 8p 8p ST earemate stop) p Distortion is claimed to be less 2BE.
W mm 8p 8p 1 pole/2 to 12 way, 2p/2 to 6 way, 3
DC Type . 15p 20p pole/210 4 way, 4 pole/2 103 way 41p
AC 2-pin American 15p 15p ROTARY: Mains 250V AC. 4 Amp  45p
- | TRANSFORMERS® (Mains Prim. 220-240v) A . dd & d
VOLTAGE* g.g.av 100mA  90p 15.015V 1A 275p+ B;l)’(“E’IS PANEL O S en S
9V 75mA 95p 18-018V 1A 295p+ * . q g g
REGULATORS (200 T s 55 sooaovia a9 | wimuo EETERS * A. Marshall (London) Ltd., % Visual indication of FM sta-
e~ B o A e |- 60x46x are moving their mail-order de-  tion, automatically, is made
A vl 2812y, 0-60:6Y260mA 160p 0.180-18V 1.58 AL | partment from their Crickle- possible with a new system de-
oy syl tas 2600+ 909vaa  arene | 441w 68 [o100.a wood Broadway premises. The veloped by Phillips and the
323K 625 045045V 00N o 12012028 3205+ Ax2ial e 80| 05006 & new address for main offices, Dutch Broadcasting Corpora-
ARboori2pise 12012V0.6A 2800+ 253008 agzps | S2en2” 64| 0Ema industrial sales, central stores tion. A display indicates the
_ 220 | $02 50 05A zo0ps QEOBVEVA 280p4 S0 g5 | 0soma and mail-order will be: Kings- result of decoding a signal
e GUn B, 6y, | 2402405 2600+ 0150 15vEVA 2a0p| 2224 14| O100mA gate House, Kingsgate Place, superimposed on the transmit-
BV I ey 30 [ 12012v 1A 275pe 0:20,0-209j6vA 2% | 107 172} 01 London N.W.6. The telephone ted signal, the signal is different
0-120-12V 1A 295p+ 10x4'x3" 142 | 0-2A 3 ” A HI1H
5V, 12V, 15V | 59542015120 1A Nl Rice PR e |l Gy number will change to 01-624 for each station. Phillips are
—ve0.5A 5v. 6v, | Mulliteppings 3605+ MOT Min. 0/p pri, [ 12837 210 OREOvACh 0805/6/6/8, the old premises at hoping for .international agree-
BY.12V. 15V 85 | 5xinimp  a45p+ 2K-8ec.80 38| GPEAKERS | S 40 Cricklewood Broadway have ment and cooperation to get the
" 375 | (Please add 48p p&p charge 10 all prices marked i been refitted as a new branch.  system off the ground (into the
—ve 0.1A (TO92) +, above our normal postal charge). 29023‘\{\,’ GF:'; P * A Smgle hand ASCII key_ all')
5V, 12V, 15V 60 i & . i
LM320-12 165 .té;‘:(;‘L%LE%Eg:mAehslr?a:g:ivﬂpei,*elue, iosoaz 5! g: board, called ‘Writehander’, has
LM320-15 165 | " Green, White and Yellow i8p | 640230 65 | 4ux3ux1n” been developed in the States. In * The more you cram onto a
LM304H 240 | [F5'ByLES bvand 12v 11p 8O 5W 0-50uA i li hip the more pins
LM317H 190 | MES HOLDERS Chrome cover. Red or 7%x4" 190 | 0-100xA use you place 4 fingers on si 1303 < tlﬁ) K O %p
Amber. Jewelled 0-500u A i i age. e
IM325N 280 | RO RSP s 1g: 29‘3\:{' 160 | 530p each switches T thelower needed on the packag fpl\';[lrsll
LM326N 240 | pred B S T ey v 1 aY 5 : 4 ASCII bits and the thumb til now manufacturers o
LM723 a5 2 P [HEAT SINKS® ¢ s ; ifi
’ R ns 230V Sesicl i Resror | [Tocaminaln | ahan.oreeser | selects the remaining 3 bits, the and LSI have used modifica-
l;AARPH‘(_)NES O typo. 98v AC 11n 105 % o machine looks like a hedgehog tions of the stangard DdIL,
agnetic T - = P 125p and is said to be both cheap and making it longer and/or wider,
2.56mm  18p | KNOBS tofit % shaft 10220 ; n p :
3.5mm  18p | K1, Shckfonier o ke e R ode s T fast: Problems produced by this
Crystal _ 33p | Kk2' SimSivecsd Alinum 125 | T066 229 10200 3pKa * The National Enterprise approach include parasitic
CRYSTAL K4 B?a":k Sa:rra(::deMe(aT?;plsm-h Iing We stock many more items, Board is in the process of fun- (‘fap.acltance’ thCh SenOUSIY
MICROPHONE | indicator 35mm diom. 2% | Aerials, Battery Holders, ding a new electronics com- limits the operating speed, and
B S A B | S ekir Rzon glo;cekss, Cables, lglugsne!:l pany. Capital of £30-£50 million density of circuitry on PCBs.
ILTRASONIC - | ied Q8 7mm dlar sk ane | Headphones, Microphones, is to be used in the attempt to JEDEC, the organisation that
Eﬁf(\:fég-s K7 Biack Knurled, tapered. metal top & Stands. Multimeters, Power bring VLSI techno]ogy to the registers all standard paCkageS
skirt. Caliberated 0-9 30mm 26p i B T 9 4
Receiver and K7a Asabove but pointer onskit  28p gz‘,’é’:ff,;gf‘el'fgf]'sS°'Td;5'{ U.K,, typical products would be  and specifications, are con
Transmitter E?Z i:ack‘o_rSilvelred_lorslri‘dle_r o 10p [ B obes Tools etc. etc. It 64K memories. The brains be- sidering the details on a pro-
i tor. ? a fdsn
40KHz | RRaaried plastic with fine INGICEI L pays 16 visit us. We are ‘hind the scheme include British posed new standard square
480p per pair*| K19 Solid Aluminium Amplifier Knob. Elch situated behind Watford and American engineers in the package to be used in high
line indicator. skirted 22mm 30p Football Ground.
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States and at home.

density/speed applications.




On the left is an internal shot of our prototype, notice how we used screws to give

extra ‘bite’ to the epoxy holding the tube connections on the front panel. Below is

the overlay for the PCB.

|£vm nmivl

L TR RS

SENSOR Ve

%

PUMP --Ve
JRV2

Below is the complete system, the probe
used was made from a jack plug. On the
right is the PCB shown full size (70mm by

90mm).

62

] . i‘m‘*%&;ww %@f'w_y RS
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2 -
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RV2 WIPER

—PARTS LIST—

RESISTORS (all Yaw 5%)

R1.3 100k
R2. am7
R4 47k
RS 22k
R6 470R

POTENTIOMETERS

RV1 500k linear

RV2 100k linear
CAPACITORS !

C1,2 100n polycarbonate
C3 100u 10V tantalum
c4 2200u 16V electrolytic
SEMICONDUCTORS

IC1 CD4011

Q1 BC214L

Q2 BD131

D1 1N914

D2 TIL209

MISCELLANEOUS

Toggle switch, Battery (PJ996), Box to suit,
PCB, water pump, tubing, water container,
etc.

ETI WET
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PROJECT : Etiwet

T——

Full circuit diagram

L

i | ON/OFF
R6
a1 470R
PNP

i R MOISTURE _
Rv1+—"| LEVEL R3
500k 100k
‘ LIN c2
R1 J——_l l— R5
100k ' 100n 22k

‘_J(

PROBE (@

i 100n

L NOTE
— IC1 is 4011
Q1 is BC214
| Q2is BD131

L=k

- -—

——BUYLINES:

| The electronic parts for this project
should present few problems.
Sources for tubing and the connectors
include chemical equipment suppliers
and your local home brewing shops.
The pump we used came from Proops
Bros. Ltd, The Hyde Industrial Estate,
Edgeware Road, Hendon, London
NW9 6JS and costs £2.30 inclusive
of VAT and postage.

The circuit is composed of three main sec-
tions: Level sensitive Schmitt trigger, vari-
able time monostable and output driver. The
level sensitive Schmitt is formed from ICIa
and ICIb with the probe and R1, RV1 forming
a potential divider on its input. When the
resistance across the probe increases beyond
a set value (ie the soil dries), the Schmitt is
triggered. C2 feeds a negative going pulse to
the monostable when the Schmitt triggers
and R2 acts as feedback, to ensure a fast

HOW IT WORKS

switching action.

The monostable (IClc and IC1d) time
period is determined by the values of C3 and
R4, RV2. When triggered by the Schmitt the
monostable turns on Q1, Q2 which drive the
water pump. The monostable will only trig-
ger with negative going input pulses, and
therefore unless the probe has been shorted]'
(by water) the Schmitt cannot retrigger the
monostable. This acts as a fail safe to prevent
the plant from drowning!
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FEATURE

V-FETS FOR
EVERYONE PART 2

In the second half of this article, reprinted from our Canadian edition, the
practicalities of VFET circuitry are explained.

In general these devices may use any of the types of
output circuits in general use with valves and bi-
polars, including transformer coupled (Fig. 12) where
‘the benefits of the absence of charge carrier storage
become apparent in the absence of severe ringing at
the crossover point, conventional series output such
as in Fig. 1 which is a straightforward transforma-
tion from a bi-polar circuit (1), and single-ended
output with current source, also transposed from an
excellent bi-polar circuit (2) (Fig. 2).

Bias and Drive

These series of devices are n-channel, enhancement
type MOSFETS, and may be biased and driven using
methods appropriate to signal types and bi-polars.
The drain is made positive with respect to the source
and the gate enables conduction by being forward
biased with respect to the source, that is to say it is
biased in a positive direction. Unlike bi-polars, how-

ever, they are voltage, rather than current controlled,

and circuit values are selected to provide the required
voltage. Any current drawn is by the bias network
itself.

Three bias methods are shown; Fig. 3 shows bias
supplied from a fixed bias supply. It is the simplest
possible method, allows extremely high input imped-
ances, since Rg may be almost any very high value
desired, and its stability is limited only by the stability
of the bias supply.

The design shown in Fig. 4 has the advantage of
requiring no extra supply voltage since it is taken
from Vdd. Disadvantages are those of impedance and
stability. Input impedance consists of the parallel
combination of R1 and R2 (disregarding input
capacitance of the MOSFET and the very low input
leakage). There are practical limits as to how high this
combination can become; if for example, we have a 60
volt supply and require 6 volts bias, we might have
some difficulty obtaining higher values than 9
megohms and one megohms for R1 and R2.

Higher values become more difficult to obtain,
stability becomes less reliable, internal inductance
and distributed capacitance become problems, and
overcoming these difficulties usually costs money. In
addition, if Vdd is subject to variation, then bias
varies. In a class AB amplifier this could be quite
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We have just received a note from Siliconix giving the
following changes in type number — VMP-11 becomes
2N6656; VMP-1:2N6657; VMP-12:2N6658; VUP-

21:2N6659; VMP-2:2N6660; VMP-22:2N6661.
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Fig. 1. Series output arrangement and Fig. 2 single-ended output
with current source.

5 vdd

Fig. 3. High-impedance separate bias supply, Fig. 4 moderate
impedance supply and Fig. 5 high-impedance common supply.

serious, since Vdd varies considerably with output
level; at high levels, Vdd can be expected to drop,
causing a reduction in bias.

While this may reduce the danger of over-driving
the device, it will be forced to operate in its non-linear
region which may result in unacceptable perform-
ance characteristics unless taken into consideration
in the overall circuit design (e.g. choice of feedback
values). It does provide some degree of overload
protection, and with correct choice of values can
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provide for class AB operation at low levels, shifting
to class B at high levels. With these considerations in

mind, and/or where moderate impedances are req-.

uired, it offers a low cost, simple, and reasonably
reliable method of establishing the operating point.

The method used in Fig. 5 is similar except that
with the addition of R3 higher input impedances are
possible. Its configuration is similar to a noiseless
biasing system frequently used in low-level bi-polar
amplifiers and integrated circuits (e.g. National
LM381A) but its function is somewhat different.
Resistors R1 and R2 form a voltage divider as in Fig.
4 but their junction now forms a fixed bias source as
in Fig. 3. Resistor R3 can be quite high since no
current flows. Meanwhile, since the parallel com-
bination of R1 and R2 are effectively in series with R3
they can be reduced to more manageable values.
Alternatively R2 can be replaced by a zener diode for
stability comparable to Fig. 3.

Input Protection

Unlike most signal MOSFETS, the gate of each of
these devices, with the exception of the VMP 4, is
protected with an internal 15 volt, 10mA zener diode.
Most signal MOSFETS, as well as the VMP 4 are
unprotected, or where extremely high impedances
are not required, are protected by back to back
zeners. I have no information as to why this different
technique is used, but it is obvious that a negative
signal swing on the gate will result in forward current
through the zener. If the device is to be driven.
beyond cutoff, the driver must be capable of de-
livering current during its negative swing. Altern-
atively a constant current source can be used, a series
limiting resistor or a driver biased to the same class of
operation as the V-MOSFET.

A constant current source (we’ll examine an
example of its use a little later) will limit current drive
to the value of the constant current diode used; a
series resistance will drop the drive voltage as the
diode draws current. In both cases, diode current
must be limited to 10mA maximum. Higher currents
will damage the protective. Higher currents will
damage the protective zener diode.

However, if a class B output is used, conduction
only occurs during positive half-cycles. Therefore,
drive signal is not required during negative half-
cycles. If a source or emitter follower driver stage is
biased so as to pass no negative drive, the problem
does not occur. However, great care must be exer-
cised in the design of such a stage to ensure that drive
does not disappear before the output device is cut off.

This is not too difficult with a class B or near class B
stage; if the output device is operated at zero bias,
then a small amount of bias on the driver will ensure
conduction during slightly more than 180 degrees.
Class AB operation is a little more tricky. If conduc-
tion is to occur for 270 degrees, for example, the driver
should conduct for slightly more than this period.

Two types of drive circuits familiar to designers of
bi-polar circuits are the Darlington and Super beta,
commonly used together to provide a quasi-
complementary circuit. Both circuits are current
amplifiers designed to provide a compound device
with very high hfe and provide base current to the
output device. However, similar circuits can be used
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Fig. 6. Drain to source resistance against temperature
(Siliconix).

-
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*TO PREVENT SPURIOUS OSCILLATIONS, A 500 !
1K {2 RESISTOR OR FERRITE BEAD {(FOR HIGHER
SPEED) SHOULD BE CONNECTED IN SERIES WITH
EACH GATE.

i

Fig. 7. Basic circuit for parallel operation.
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LOW = OFF

Fig. 8. Circuit of a high-efficiency light dimmer.

with these devices to provide phase inversion in a

series output stage.

Thermal Considerations

As described earlier these devices exhibit a
negative temperature coefficient with respect to
current, so that as temperature rises, current is
reduced, thus providing a self-inhibiting action which
provides some protection against overload. However,
this is not an unconditional effect. Fig. 6 show the
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Fig. 9. biagram for series operation.
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Fig. 10. A DC to DC converter (Siliconix).
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Fig. 11. Simple single-ended transformer-coupled audio power
.amplifier (Siliconix).

relationship between RDS (on) and temperature (3),
based on a worst case temperature coefficient of 0.7
per cent per degree C.

Suppose that the device when on passes a current
of 1 amp which causes it to heat up. The on resist-
ance increases (which is why current drops), in-
creasing the voltage drop across the device and the
device dissipation. Now, if adequate heat sinking is
used there is no real problem but if it isn’t, the on
resistance and junction temperature will rise to the

ELECTRONICS TODAY INTERNATIONAL — AUJGUST 1978

point where extra charge carriers are generated, thus
stabilizing RDS(on). That’s great, except for the fact
that this doesn’t occur until the maximum safe
junction temperature of 150 degrees has been ex-
ceeded.

You’ll remember that we said earlier that the device
was free of thermal runaway problems because of its
negative temperature coefficient, but it isn’t free of
thermal destruction problems, and in any case, ex-
cessive temperatures will reduce output conduct-
ance. Heat-sinking requirements are, therefore, simi-
lar to those of bi-polars. The calculations of thermal
operating conditions are beyond the scope of this
article, but interested readers are referred to the
Siliconix literature listed in the references, (4).

Extending The Ratings

The current handling capacity and therefore total
dissipation capability may be easily increased by
simply connecting several devices in parallel (Fig. 7).
No ballast resistors are needed to ensure proper
current sharing since if one device draws more
current than another it simply gets a little warmer
which causes it to draw less (assuming adequate
heat sinking, of course). The only major precaution
needed is to keep lead inductance in the gate and
source connections to a minimum to prevent parasitic
oscillations, unless the devices are driven from a low
impedance source.

It may be advisable to insert “stoppers” — small
resistors (100 to 1000 ohms) in series with each gate,
wired directly to the socket, or ferrite beads mounted
on the leads close to the socket terminals. An ad-
ditional plus when paralleling several devices is that
the gm is multiplied by the number of devices used.
Mutual conductance gm is specified as the ratio of a
large change in current to a small change in control
voltage. If, for example, a change of 0.4 volts on the
gate produces a change of 0.1 amp through one
device, connecting two devices in parallel will give us
an output swing of 0.2 amps, but it will still require
only the original 0.4 volts gate swing. Since voltage
gain A=gm x RL, if gm is increased, A is increased.

In real use, of course, the internal resistance of two
devices in parallel is less than of one, the optimum
load is less, so in amplifier applications, the net
amplification A is the same. But notice that the drive
requirements have not changed. With bi-polars cur-
rent would have to be supplied to each base, thus
increasing the output requirements of the drivers.
Indeed, with many high-power amplifiers using
multiple output devices the drivers are also power
devices. :

We can also extend the voltage ratings by series
operation of two or more devices; Fig. 9 shows the
technique. Resistors R1 and R2 bias Q2 on while C1
and C2 ensure fast switching. Input control signal is
inserted between gate and source of QI. Ordinarily
the bottom of the divider chain is at ground potential
for signal frequencies, so that circuit is really a
cascode.

Maximum current and gm are the same as for one
device. »
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Some Practical Applications :
An efficient light dimmer circuit as proposed by
Siliconix is shown in Fig. 8. The 4011 acts as a pulse
width modulated oscillator whose duty cycle is de-
termined by the ratio of R1 to R2, with R2 adjusted to
control the brightness of the bulb. Of special interest
here is the fact that with its fast switching time, the
VMPI is especially suited to pulse width modulation
at power levels and suggests it as being suitable for
use in switching, or class D linear amplifiers.

A DC to DC converter is outlined in Fig. 10. The
VMPIs form an oscillator with positive feedback
provided by the additional coil in the gate circuits. In
operation the upper V-MOSFET is biased on, and the
lower V-MOSFET is off. When power is applied the
upper device conducts causing current to flow from
'Vdd through the upper half of the transformer
primary and the upper V-MOSFET to ground. The
induced current flow through the feedback coil
develops a voltage such as to shift the bias in the
upper device off (if the winding is connected with
the correct polarity) and the lower device on. This
causes current flow from Vdd through the lower half
of the transformer primary and the lower V-MOSFET
to ground.

The secondary circuit consists of a single rectifier
and filter. The resistor in the upper gate prevents
shorting out of gate bias, and the one in the lower
gate keeps both sides balanced. In addition, each
resistor limits current through the protective diodes.
These are expensive devices for such an application,
but the high reliability, the reduced RF radiation (due
to reduced switching transients) and the circuit
simplicity easily make up for the cost. The very high
circuit impedance allows for running frequency to be
set by the self resonance of the transformer.

A single ended and push-pull transformer coupled
amplifier for audio applications are shown in Figs. 11
and 12. Both designs utilise the biasing system des-
cribed in Fig. 4. A load-line drawn on the output cha-
racteristic will show the optimum load to be 24 ohms.
In Fig. 11 gate drive is supplied by a single
junction FET, and voltage feedback is taken from the
output transformer secondary and series fed to the
source of the input device. Distortion is under 2 per
cent at full output (try to get that with a single ended
valve or bi-polar) and could probably be reduced even
further by adopting a source follower output stage.

A push-pull version of Fig. 11 is shown in Fig. 12
using a differential input to provide phase splitting,
drive, and a feedback point. Although the trans-
former winding ratio implies the use of a low imped-
ance loudspeaker, a step-up ratio could be used for
direct coupling to an electrostatic speaker, a balanced
transmission line (both with some modification of the
feedback circuit) an unbalanced transmission line, or
a 70 volt speaker distribution line.

Notice in both circuits, and in the biasing circuits
shown that no source resistors have been used, either
for local feedback or for bias setting. In valve and
bi-polar circuits it’s a useful technique, and with
bi-polars can be used to stabilize bias and control
thermal runaway by using the increased current flow
to increase the voltage drop, thus reducing base-
emitter voltage. However, if used with these devices,
it will actually impair the self-limiting action of its
negative temperature co-efficient. If temperature
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Figl. 13. Tape recording amplifier.
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Fig. 14. A FET as a constant-current source.

rises due to high current, current flow is reduced. This
would reduce the voltage drop across a source resis-
tor, lowering the source voltage and increasing the
gate-to-source voltage, causing an increase in current
flow. The circuit would work great while it lasted —
which wouldn’t be for long.
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Power Amp

In Fig. 15 we have a high quality power amplifier
designed by Lee Shaeffer of Siliconix Inc. (5) and
described in their application notes. Output current
capability is increased by using three VMPI12s in
parallel; providing for 6 amp current, 75 Watt dis-
sipation and optimizing the load at 8 ohms. Q11-13
operate as a source follower, while Q8-10 form a quasi
source foliower. This is accomplished by applying
local feedback from drain to gate via R14, R15, and
driving the gate by a modified current source. This
consists of a cascode circuit with a constant current
diode as the load.

For the benefit of those not familiar with these
devices, a constant current diode is really a FET
connected internally as shown in Fig. 14. Since
current in a FET is controlled essentially by the
gate-to-source voltage, changes in load or in applied
drain to source voltage have negligible effect since
gate-to-source voltage is held constant. This is a
current analogue to the zener diode and is described
in detail in Siliconix literature (6).

The design is push-pull from input to output,
thanks to differential circuitry throughout, prior to
the drivers. Open loop distortion is low, bandwidth
wide, allowing satisfactory performance with only
22dB of feedback.

Complete construction plans including PCB
layout are available from Siliconix (7). A word of
caution, however. Readers accustomed to construc-
tion articles in which the writer does everything but
hold your soldering iron will find these plans rather
sketchy. They consist of a spec sheet, schematic,
board and parts layout, two paragraphs of construc-
tion suggestions, initial adjustments, and a parts list.
Parts, generally, are specified as to value and rating,
and that’s it. These plans are excellent, but they
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assunie some knowledge and experience on the part
of the constructor. Regular ‘eti constructors’
should have little difficulty.

Finally, how about something elegant for its sim-
plicity, such as the Tapered Current Voltage Limited
battery charger shown in Fig. 16. This is especially
useful with Ni-Cad batteries which are intended for
stand-by use and are permanently on charge, such as

12V o1
VMP1

BATTERY

UNDER

CHARGE
R1 b
21K

Fig. 16. Tapered-current voltage-limited battery charger.

electronic clocks. Overnight shut-downs of a few
hours are occasionally but irregularly experienced.
You know what this can do to clocks. Especially
alarm clocks which are supposed to make noises, turn
on radios, start the coffee at a pre-set time in the
morning so you can go to work. Battery operation is
not too satisfactory if the readout is on continuously,
and Ni-Cads should not be on permanent floating
charge. >

71




FEATURE : V-FETS

With this little device current is supplied to the
battery via the VMP-1. Gate voltage is set at a value
equal to the desired end of charge voltage. As the
battery charges its voltage increases, reducing gate-
to-source voltage, thus reducing charging current.
When the battery reaches full charge its voltage and
that of the source equals gate voltage, and charge is

terminated. If a load is placed across the battery it will

draw current, and as the battery voltage drops
slightly below gate voltage, charging at a trickle rate
occurs — automatic.

Experimentation

The various applications shown are intended as:
suggestions for further experimentation on the part
of the reader. They are mainly designed to illustrate
various characteristics of the device under consider-
ation, and are not necessarily representative of com-
mercial practice or of finished designs. In some cases
this may be just as well. But we would be delighted to
hear of any readers’ experience with any of these or
other circuits.

The author’s own feeling is that V-MOS constitutes .

a genuine breakthrough in semi-conductor techno-
logy, as important as the silicon transistor and the
FET itself. We’ll be seeing more of these devices, with
higher ratings (a 10A 200V unit is already under
development) and specialized characteristics. They
are said already to be in use commercially as mag-
netic core drivers.

- = - R T s - -

Digital enthusiasts may be somewhat impatient
with the strong emphasis on audio applications in this
piece but other literature has placed great emphasis
on digital applications, with little attention paid to
linear techniques beyond the 40 watt amplifier de-
scribed here. The serious reader in all areas is referred
to the references at the end.

Further literature may be obtained from the
manufacturer, Siliconix Inc., 2201 Laurelwood Rd.,
Santa Clara, CA 95054, California. They have been
most helpful in providing information for the prepa-
ration of this article.

Have fun. En

— -- = TC SR ~ =
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Our new 1978 catalogue lists a whole range of
plastic boxes to house all your projects. And
%» we've got circuit boards, accessories, module
| systems, and metal cases — everything you need
to give your equipment the guality you demand.
Send 25p to cover post and packing, and the
catalogue’s yours.

VERO ELECTRONICS LTD. RETAIL DEPT.
Industrial Estate, Chandlers Ford, Hants. SO5 3ZR
Telephone Chandlers Ford (04215) 2956

M
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PCB AND COMPONENTS
FOR ETI PROJECTS

| Componeni
| kit | PCB.

" Metal Locator I1_ t 591 [ 0.92
House Alarm A 11.60 1.91
House Alarm B 2.39 0.79
‘Frequency Shifter 6.52 1.46
F/S Omp Amp Supply 414 0.63 1
Stars and Dots 576 1.83

| . | A4.46
Spectrum Analyser 36.51 B 386

122" Speaker, 8(Q), for metal locator MK. || 83p each

Prices above are VAT inclusive. P&P 20p. Send large SAE for fuli
details of available Component Kits, P.C.B.'s our Component
Catalogue and any specified kit list.

* Kits include ONLY Resistors, Potentiometers, Capacitors and
Semi Conductors.

Shop: 32 Market Place, Greatbridge, Tipton, West Midlands
Mail Order: 217 Tcil End Road, Greatbridge, Tipton, West
Midiands

217 TOLL END ROAD, TIPTON
WEST MIDLANDS DY4 OHW
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PROJECT

The ETI project team presents a high performance Power Supply Unit based on an
encapsulated regulator block. ‘

THOSE OF YOU who threw up
various parts of your anatomy at the
sight of yet another power supply
design probably fall into two groups.
One will use batteries, will always
have used batteries and won't see
why they shouldn’t continue to use
batteries ad infinitum. There will be
others who have a power supply —
be it ever so humble — and are fed
up with four-part articles describing
the construction of same.

What is this fetish with PSUs?

Cell Your Batteries

We appeal to those of you in the
first category to give batteries the old
heave ho if only on financial grounds
— batteries really are a very
expensive way of buying power.
They also come in fixed voltages and
any current limiting attributes are
limited to dying a death at the first
sign of the short circuits that are
bound to occur in even the most
ordered of development work.

Supply And Demand

To those of you who fall into our
second group we ask you to take a
look at your present Power Supply. Is
it up to the job? Does it have variable
current limiting (0O-1A)? Can it
provide an adjustable output of up to
30 volts? Does it have a couple of
LEDS to indicate its mode of
operation (voltage/ current)?"Can you
isolate the DC output? Does it
provide for remote voltage sensing?’

Needless to say our design meets
all these criteria.

Meg A Mania

The unit is easy to build as it is
based on an encapsulated Power
Supply Module. The module itself

takes care of nearly all the work but
in its naked form can only provide a
100m A output, Q1, acting as a
series pass element, means that up to
1 A output can be provided.

The photographs show that we did
not use a PCB for this project but
mounted components directly to the
PSU module or on a smali strip of tag
board.

Gonstruction

Construction should be
self-explanatory if the circuit diagram
is followed through, about the only
point to watch is the gauge of wire
used in the current carrying sections
of the design, make sure it's of
adequate rating. Also make sure that
the sense wires are taken to a point
as near to the output sockets as near |
to the output sockets as possible. A
switch jack socket inserted in the
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—— BUYLINES
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sense leads will provide a remote
voltage sense option.

The meters are an optional extra,
but we felt that these added that
extra touch of professionalism to the
device.

ET1 >

THE. regulator module is available
from Doram Electronics for £13.05.

The case used in the prototype was
‘an Alson type 23 (10% x 62 x 6%%).
Alson are at 5/7 Long Street, Lon-
don.

The other components should be |
generally available.
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PROJECT :Power Supply

RV1 Ql . N/C
100R < o+

FIG. 1. Circuit diagram of the
power supply. The components
are mounted either on the
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oy == 5 o A !
|
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module itself or on a small tag soor i R <
strip — see photograph below. REGULATOR MODULE 13 25K <
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| |
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NOTE: . 1 ,‘l.
oy ZN:ZOSE 209 | I Ve
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——PARTS LIST-

RESISTORS (all 5% %W unless * 2%
{ MO).

' R1,5 k8
i R2* 470R
R3" 33k
R4 : 2k7

e L

POTENTIOMETERS

Cc4 10u 50V electrolytic l

£
f
? SEMICONDUCTORS

ioQl " 2N 3055
4 LED1-4 TIL 209
' BR1 2A'5QV
|
. TRANSFORMER X
T1 15-0-15 1.5A

L SW1, 2

| SWITCHES 5
Single pole on off

i

!

Il

1

MISCELLANEOUS. ~ )
1-30V, 100mA regulator module, tag
i strip, 1T00uA meters, case

RV1 ~ 100R preset
j RV2 500R
i RV3 25k
:l CAPACITORS l
e 4700u 50V electrolytic
1 Cc2 100n 250V polyester
I C3 10n 250V polyester

=

—

The photograph, right, shows clearly the
‘method of constiruction adopted in our
prototype. Ensure that the wires carrying
high currents are of adequate rating.
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transformer T1. This AC signal is rectified
and smoothed by BR1 and C1. LED] indicates
the unit is on.

The regulator module provides all the
control functions associated with a Power
Supply.

RV1 and RV2 set the current limit, RV1
setting the maximum output current. RV3
sets the output voltage.

The basic module can provide outputs of
up to 100mA only, Q! increase the module's
output capability to 1A.

LEDs 2 and 3 indicate which mode of

————HOW IT WORKS -

' THE AC mains is stepped down to 30 volts by

operation the supply is in (LED2 is current }
mode, LED3 is voltage).

The resistors in series with the meters
should be selected to ensure that the meters
are calibrated, the values given are for our
prototype and.may need slight alteration.

C2 is included to improve the stability. of
the design. :

The output from the module is further
smoothed by C3, C4.

SW2 is the DC isolation switch and LEDA4
indicates that a DC output is present at the
unit’s output terminals.

T =
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solid state speech

I THE DEPARTMENT STORE:
“MAGAZINES ? THAT'S JUST

: BEHIND COSMETICS. NO,
WAIT A MINUTE....THEY*VE
JUST MOVED TO THE NINTH
FLOOR, OR WAS IT.....?" |

THE CORNER SHOP: |
“SORRY MATE, THE
DOG CHEWED YOUR
COPY.” i

CedsvePage
EABACADIE {48 Q{1 (3
AR AT AP HE (TS T
YRR S S

ANOTHER CORNER SHOP:
L “SORRY, SOLD QUT 3
- HAVE YOU TRIED THE
 CORNER SHOP UP THE

- ROAD?

w

A MAGAZINE STAND:
“WE'VE RUN QUT,

BUT I CAN GIVE YOU
‘CAMPING NEWS*.. 2"

GIVE UP, GO HOME:

AND TAKE OUT A
POSTAL SUBSCRIPTION
TOETI.

It can be a nuisance can’t it, going from newsagent to
newsagent? “"Sorry squire, don’t have it — next one should
be out soon.”

Although ETI is monthly, it's very rare to find it available
after the first week. If it is available, the newsagent’s going
to be sure to cut his order for the next issue — but we’re glad
to say it doesn’t happen very often.

Do yourself, your newsagent and us a favour. Place a
regular order for ETI; your newsagent will almost certainly be
delighted. If not, you can take out a postal subscription so
there’s nothing for you to remember — we’li do it for you.

For a subscription, send us £7.00 (£8.00 overseas) and tell
us which issue you want to start with. Please make your
payment (in sterling please for overseas readers) to ETI
Subscriptions and keep it separate from any other services
you want at.the same time.

ETI Subscription Service
Electronics Today International
25-27 Oxford Street, London W1R 1RF
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If the latest goodie from Texas
Instruments is as successful as
we think it will be, the next
generation will speak with an

American -accent! Called
“Speak & Spell’ it is a box that
talks to the kids (with a
‘standard’ American accent),
and theoretically helps them
pronounce new  words
correctly — it also compares
how the Kkids spell the word
with the correct (American)
spelling, and indicates whether
they gave the right answer.
The 200 words in the machine
were selected by educators for
the 7 to 12 year old, further sets
of words are to be made avail-
able as plug-in modules. In its
main mode of operation it
selects a word at random and
‘speaks’ it. The user then types

in their version of how it is
spelt, and the machine either
says well done, or please try
again (or noises to that effect).
After 10 words the ‘Speak &
Spell’ talks and displays a score.
Various other modes of opera-
tion are also available, in-
cluding a version of ‘Hangman’.

Heart & Throat of the
machine is a 128K ROM, the
word library is stored as a series
of sound values—representing
the various word characteris-
tics. Priced at 50 dollars in the
States, it will be available from
July onwards, although no date
has been given for U.K. release.
Methinks the ETI office culd
use one usfulli. Texas Instru-
ments Inc., Consumer relations,
P.O. Box 53, Lubbock, Texas
79408.

national phoenix

National Semiconductor have
recently opened the first plant
in the world to process 4 inch
silicon wafers. The production
facility has been built on the
ashes of their previous factory
in Greenock, which burnt down
a year ago. The builders es-
timated that it would take bet-
ween 2 and 2% years to rebuild,
National were determined to do
it in 12 months and succeeded.
The advantage of 4 inch over
the more normal 3 inch wafer is
simple — they get a lot more
usable ICs in the same time.

A touch of humour was ad-
ded when Peter Sprague, a
director of National and also of
Aston Martin, failed to arrive in
a brand new Aston Martin
Lagonda (yours for £32,000).
The sophisticated electronics in
the car were not functioning, or
as he remarked to some
reporters “The *©£&()” + elec-
tronics don’t work’, the
*@©£&()” + electronics are made
by-a company that has just built
a rather large factory in Sco-
tland.

11




Ron Harris examines a top of the range
offering from Goldring Products — a new
version of the G900OSE — and asks
whether or not thisis the .. ...

GOLDRING ARE ONE of the best known names in the
hi-fi industry. Most of us have at some time or other
undoubtedly possessed one of their GBOO series car-
tridges, sometimes without realising it! (Checked the
end of that package deal arm recently?)

In the lower price ranges the company has been more
than able to hold its own against all comers, but the
higher strata have seemed beyond their reach of late.
Last year they launched the G90OSE, which sold at a
ridiculous £25 or thereabouts, and produced an excel-
lent sound quality. The unit never received the acclaim it
deserved.

One can’t help feeling that had one of the American
cantilever giants produced the G900, we would be
hearing about it still. Goldring, however, had themselves

some financial difficulties to overcome — which they

now seem to have risen above — and this could not have
helped.

This month sees the release of the 900E, a lower
priced cartridge, and a Mk 2 of the GOOOSE itself. It is
this we concern ourselves with here.

Time To Mark Two?
Basically the unit is a low mass moving magnet design of
high compliance, intended for use only in arms of low

inertia. The cartridges weigh only 4g, and the reduction®

in mass over its predecessor has been achieved by what
Goldring describe as ‘‘formerless winding’" of the coils
within the body.

More important still though, tip mass is also low at
0.32mg. A tie wire is fitted to dampen stylus move-
ment(?) and also to act as a leakage path for static on the
record surface. Quite a bit of innovation going on here,
and it was to prove interesting to discover what effect, if
any, this was going to have on the sound of this new
Goldring.

Sound Results

As can be seen from the test results, technically the unit
acquitted itself well with good separation, well balanced
outputs and a good smooth frequency response. The
rising (extreme) top end response may well be engin-
eered to suit the unit to CD-4 usage. In stereo mode the
resonance should not prove a problem.
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The sample was fitted into an SME Series |l for test
purposes, and initially the mounting method raised
suspicions as to its rigidity. These proved to be un-
founded, however — but it still /ooks wrong!

With a mass of only 4g, the Goldring would pose no
problems to arms capable of doing it justice.

Off The Beaten Track?

Once balanced out, and with no damping applied to the
arm, tracking checks were undertaken using the
ubiquitous HFS 75 and several of our own torture tracks.
At Goldring’s stated 1g, all bands except the highest
level were handled with confidence. Band C could just
be tracked at around 1.1g, but only just. No improve-
ment was apparent with increase in excess of this and so
we left the tracking weight at 1.1g throughout the
listening tests. >

SPECIFICATION——
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Above: frequency response plot for our sample of the G900SE. |
Upper trace is the left channel, and the lower the right.

Below: Specification and test results for the same sample of the
Goldring cartridge.

Frequency Response: 20Hz to 20kHz *+2dB see graph
Playing Weight Range:  0.75to 1.5 grams best at 1.1g
Tip Mass: 0.32mg —
Channe! Separation: 25dB 30dB (L on R 1kHz)
Output at 5cm/sec, 1kHz: 4.5mV L—5.4mV; R—5.2mV
Weight: 4 grams —
Inductance (1kHz): . 570mH =

(10kHz): 540mH —

Test conditions — tracking force 1.1g, load 47k, 150p.
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This result, while not as good as the best that say a
V15 can manage, is still very commendable and a great
deal better than the moving coil devices available at
present. No change was observed in tracking ability with
damping applied to the arm.

Resulting Sound

With all the test completed - and no gremlins apparent -
down to listening. Initially we simply wired it up,
switched it on and got on with it! First impressions were
of a smooth sound with no obvious vices and a well
-controlled bass extension. Slight recession of extreme
treble perhaps.

Over an extended listening period however we came
to appreciate just how good this new Goldring can be. It
has depth and it has an open quality which puts you in
with the music, without ever being bright or hard.

Comparisons were made between the G900 and
several other top-flight devices, including an Ultimo
20A, Sonus Blue and the new Entré moving coil unit.
These showed without doubt that the GYOOSE is a
match for any of them! At this level of fidelity it comes
down more than ever to a case of personal taste. On a
subjective level the Goldring was preferred to the Ultimo
for its smoother presentation, although the 20A did have
greater depth. The Sonus likewise came out second
best, for no other reason than that the G9OOSE sounded
better! The bass was tighter and the mid-range less
aggressive.

Battle With The Coil

The most interesting comparison was between the Entré
and the G900 however. The latter has many of the
qualities so beloved by the devotees of the moving coil,
but just fails to match the best of them in ‘terms of
delicacy of presentation. The Entré did provide a greater
sense of detail throughout the frequency spectrum, but
its bass response was never as well defined, and the
Goldring tracks better. You pays your money and you
takes your choice. . . .

What A Load Of . . .
Our main reservation concerns the specified loading for
the cartridge.

This is 47k and 150p, and this was the figure the
cartridge was tested at. However most amplifier and
pickup lead combinations will exceed this, usually
providing around 200p-250p. This could have an effect
on the top end response of the cartridge, especially if the
capacitance offered is higher than the .upper specified
limit of 200p. ' ‘

We varied the load the cartridge saw to gain an idea of |
its performance on this parameter, and only when we
reached about 350p could we honestly say a subjective
difference was present, this manifesting itself most

clearly on cymbals. '

In practise then anything between 100p and 300p
should be fine. It is interesting to note that Shure specify
a load of 450p for the V15 Ill, and the fact that this is
rarely met may account in some measure for the
“bright’” reputation that unit has made for itself, since |
lower values will act to boost hf response. 1

Impact And All That

Overall then the sound of the Goldring can be des- |
cribed as smooth, detailed with plenty of depth and

good extension into ¢he bass. It will undoubtedly come
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Contact Pin
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Mounting Bracket

Stylus Point Front Former

Pole Shoe |'
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Screening Can

Cantilever Tube
Contact Plate

Damped Pivot
Rear Former

Micro Magnet
What goes where inside the Goldring G300SE2. The tie wire is
claimed to control stylus movement in the ‘unwanted modes’ —
whatever they are — and to provide a leakage path for surface

static. In practice the G90OSE did prove highly insensitive to
surface noise, whether this was due to the little wire . . .

as a surprise to many devotees of the “bright-is-
beautiful’” school, but extended listening will pay even
them dividends. The sound perhaps lacks an immediate
nature a little too much, but again that is for you to
decide. Impact it has — but only when the music does!!
It is good to-see a British manufacturer produce a
product of this quality, and be able to retail it at a price
less than esoteric. At its expected cost of around £50 the
G9Y0O0SE disposes of similarly priced opposition with a

-disdaining waggle of the cantilever, and indeed takes its

place with the very best moving magnet designs of the
day. ET

% MIGHTY MIDGETS |

/L2 MINIATURE

SOLDERING
IRONS -

ACCESSORIES

RETAIL PRICE | POSTAGE

eachinc.v.a.t.| extra.

18 WATT IRON inc.No.20 BIT| €3-78 22p
SPAREBITS 44p —
STANDS S = £3-25 65p
SOLDER : SAVBIT 20’ 52p 9p
i " 10’ 26p 4p
LOWMELT 10’ 65p 9p

I.C. DESOLDERING BIT 88p 9p

BIT SIZES: No.19 (1-5mm) No. 20 (3 mm)

No. 21 (4:5 mm) No.22 (6 mm)

N
From your Local Dealer or Direct from Manufacturers

S:R.BREWSTER [!!

86-88 Union St -Plymouth PLI 3HG
YL AENTRADE _ENQUIRIES WELCOME
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microfile.......

Gary Evans has been going round in circles this month in search of more MPU

news items.

THIS WORLD IS full of vicious things, circles and dogs
spring immediately to mind. |'ve had experience of both,
the latter in the bundle of fluff that’s the nearest | getto a
pet and of the former, it seems, in everything | do. Atany
rate it's an example of the former that I'd like to dwell
upon for a moment.

The situation concerns anyone considering the deve-
lopment of a microprocessor based control system. As a
first step in any such development program, our likely
lad will look around at the various development systems,
that most of the major manufacturers produce, to help
potential micro users to get to grips with their particular
processor.

When It’s All Assembled

Having chosen one of the various kits he can now get
down to the real business of developing the control
algorithms and, finally, the machine code that will drive
the completed implementation of his system. That's if all
goes well. Many of the basic development kits come
supplied with a monitor that can only be described as
rudimentary, allowing only a simple memory examine/
modify type instructions. The development of any
routine over a few hundred bytes with such a system has
been know to drive many a hardened engineer to throw
down his soldering iron and go for some knitting
needles.

Fear not we say to our, by now, disheartened fellow,
for we can provide you with an assembler. From now on
you will not have to wrestle with machine code, but can
deal with mnemoriics which at least makes the task of
coding much easier, and if you're lucky your assembler
will also take care of a few labels in our program. At this.
point though, our man hears of a marvellous thing called
an interpreter, whereby he can program his system in a
high level language that is, by all accounts, far easier to
pick up than either machine or assembly code. As time is
money and personnel with experience in machine/
assembly programming are difficult to come by, the
choice seems to lie with a BASIC INTERPRETER. We
know the final system will operate slower than a machine
language program, but it will be fast enough for most
applications.

All is well, the final program is soon written and
debugged and the time has come to dump the object
code into the PROM that will reside in the final hardware
configuration. It’'s here that we observe the beginnings
of our vicious circle (you were starting to wonder weren 't

youy).

Things Looking Up?

The crunch comes when we realise that an interpreter
does not in fact produce any object code, instead,
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looking at a string of stored instructions line by line, it
consults a lookup table within the interpreter which then
directs the micro to another area of the interpreter’s
ROM where the routines to carry out the required
instructors are located. It is important to note that this
takes place on a line by line basis and at no stage is
anything that remotely resembles an object code
generated. Thus our poor chap has his BASIC program
ready to go, but to run it on any system he will require
not only to dump the program itseif to ROM but also the
entire BASIC interpreter. To add insult to injury, most
BASICs require a fair sized stack which will also have to
be provided.

So attractive as it may seem in terms of development
time an interpreter supporting a high level language is
no way to undertake software development in most
control systems applications. So it's back to the
assembler, or, if you feel like withdrawing from life for a
while, machine code.

Heard The One About .. ..

Now tor a tew quick news items

A new addition to the ranks of places offering micro
systems, along with the advice necessary to help chose
between the many products around, is the Byte Shop at
426/428 Cranbrook Road, Gants Hill, llford, Essex.
IG2 6HW. Sounds like an offshoot of the American Byte
Shop chain, a franchise operation that has been going in
the States for some time now. A SAE to the Byte Shop at
the above address should get you details of their product
range.

This issue of ETI goes to press on the eve of the DIY
Computer show and a report of this event, which follows
the successful show held last year, will appear in next
month’s Microfile. | do hear however that another
computer magazine is to be launched at the show. The.
title I've heard is Practical Computing, but by the time
you read this the thing may be on the news stands. | look
forward to reading the fi[st issue with interest.

Chip Off The OId . . ...

You ‘may recall my mentioning the 8048 single chip
MPU from Intel a while back. Well no sooner was that in
print than a new product information sheet landed on my
desk describing the latest addition to the Intel stable.
The 8022 is a derivative of the 8048 being a single chip
MPU, but with the important plus of having two on
board A-D converters. Add to this an eight bit input port
with variable threshold (just right for decoding touch
keyboards) and the usual complement of 28 1/0 lines
and onboard memory and you have a product that
should find its way into more products than | care to
think of over the next year or so.
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NEWS : Microfile

Why Did The Chicken. . ..

Last month | mentioned a company called PETSOFT
that has begun to market software for the PET home
computer. The company tell me they have had quite a
number of inquiries since then with the interesting fact
being that most of you have wanted more information on
the various games packages offered —you lot must have
a lot of time on your hands as | never get the chance to
play games on our machine—honest. Before leaving the
subject of PETSOFT and going on to name another
company that is to offer much the same service. | must
just mention a recent addition to the PETSOFT range.
This program is a recipe title that goes under the name of
Colonel Evans Kentucky Fried Chicken — a roast by any
other name.

In case you missed PETSOFT's address last month
they are at 316 Fulham Road, London.

That other company | mentioned is General Software
at 16 Sommerford Avenue, Crewe, CW?2 8NE. Initially :
this company is to deal in TRS80 software and a SAE to
them at the above address will secure a list of the titles at
present in their range.

And Now For Something. . ..

Many of you who have ordered either MK 14 or
NASCOM kits have told me of the long waits you have
had between placing your order and receiving your
goods. | am assured by both companys concerned that
the supply problems that, in both cases, have been
responsible for the delays have now been sorted out and
that the kits are now being dispatched without delay. As

a result of this | have at last managed to sort out reviews
of these interesting products and one or other of these
should appear in the next issue of ETI.

Many A Slipped (disk) Twixt. ...

The floppy disk untit for the PET computer will appear
in Britain but not it seems before the end of the year.
Meanwhile the men at Commodore are being inundated
with requests for just such a unit and Commodore have
asked me to say that if any of you feel able to tackle a
PET-floppy interface, they would be only too glad to
provide you with all the necessary information.

In One Ear, Out The . . .

| get many enquiries regarding the adaption of TV to
accept video signals. With many of the sets on the
market this can prove a tricky task but D. Reddington
has written to tell me of a £69 Sanyo receiver that could
not be simpler to adapt.

With three screws and a phono plug removed and the
back comes off, two more screws and the circuitry slides
out, and here’s the best bit, there is a link wire joining
the video stage’s input to the sets RF stages. Remove
this and replace by a switch and conversion is complete.

As a bonus there is a similar link in the sound stage.

One For The.....

I'live in a place that is a desert in the oasis of life and
I"d like to move (this has got nothing to do with MPU's in
case you hadn't guessed) so if any of you within the GLF
(Greater London Frontiers) know of a room/flat that's
going spare please let me know here at ETI. EN

All the many types of components we supply are BRAND NEW and guaranteed and only from

direct or app. No surplus, no seconds.

" 1.C.s TTL 7400 series

7400 14p | 7414 60p | 7454 14p | 7485 74p | 74107 27p
7401 14p | 7420 14p | 7460° 14p | 7486 27p [ 74021 27p
7402 14p | 7430 14p | 7470 24p | 7490 40p | 74123 51p
7403 14p | 7440 14p | 7472 24p | 7491 71p | 74140 54p
7404 18p | 7442 54p | 7473 23p | 7492 46p | 74151 60p.
7405 14p | 7443 60p | 7474 23p | 7493 40p | 74154 £1.60
7407 22p | 7444 60p | 7475 45p | 7494 66p | 74190 94p
7408 18p | 7447 70p | 7476 32p | 7485 57p ‘] 74191 94p
7409 18p | 7450 4p | 7480 41p | 7496 63p | 74192 94p
7410 14p | 7451 14p | 7482 61p | 74100 73p | 74193 94p
7413 22p | 7453 14p [ 7483 S8p | 74104 40p

‘OUR COMPUTER TAKES GOOD CARE OF YOUR ORDERS .
SIEMENS CAPACITORS @

World-famous for quality and dependability
exceptionally large stocks held

PCB TYPES: 75 mm PCM 0 001 10 001 5p
each. 0012100 068 6pea. O 1 7p each
CERAMIC. 2 5 mm PCM 0 Ot 4p, 0 022
0033 5p ea.; G047 0 068 6p ea.; 5mm PCM SIEMENS TRANSISTORS

07 7p: G 2210p. Stlicon npn and pnp from B8pea LEDS red. 19p
ELECTROLYTICS. 1/100 10/25, 10/63. ea yellow or green 23p (3 or 5mm). Photo
100 25 etc For full range see our current iists transistors fram 76p.

KEEN PRICES GOOD SERVICE: WIDE RANGES
DlSCOUNTS V.AT. & POSTAGE

RESISTORS

1 Y2, Yawatis 2pea . metal film, metal oxide and
1 wati corbon 5p @Magneur. el dependent from
£1.50. Hall Etfect from £1.23.

YOU CAN'T BEAT OUR

METAL DETECTOR KITS

FOR VALUE
ETI Mk. 1 Induction Balance Metal Detector Kit
£T! Mk. 2 Induction Balance Metal Detector Kit . . . ... .. £19.00 + 60p P&P
Full Building Instructions for Above (state which) .. .. ... ..... .. .... 50p
Please note that Kits do not include Marley Pipe, Cycle Handg[ip, nor
Plywood for the construction of the Search Head, but does include
everything else.
Component Paks for Metal Detec;:.:s:—

........ £17.00 + 60p P&P

Mk. 2
Resistor Pak 30p 40p
Capacitor Pak £1.60 £1.95
Semiconductor Pak £2.35 £2.24
Verobox £2.40 £3.15
P.C.B. £1.00 £1.25
S.R.B. Miniature Soldefinglron 16/18 watt .. .. ... . .. £3.50 + 25p.P&P
sSCooPpP!!

Wae are the SOLE DISTRIBUTORS and STOCKISTS of the

‘APOLLO’ LOGIC TESTER

No serious amateur can afford to be without one.
ideal for Servicing, Workbench, Schools, Industry.
The ‘APOLLO’ is suitable for any logic system using 5v power supplies. CMOS, TTL,
DTL. etc. The "APOLLO’ takes its power from the circuit under test and it is protected
from the inadvertent connection to reverse polarities.

1 CLEAR, UN-AMBIGUOUS indication of Logic State
1. Pin disconnected or Voltage between 1v and 2.2v
2. High Level (Logic 1) more than 2.2v

Add 8% to value ol order ar 12'%'% with rtems
(o) marked @ No VAT on uvetseas orders:
5 O i list value af order over £10 whure cash - B
PO ur eneque is sent with urdery

Goods sent POST FREE on C.W.0. orders in
U.K. over £5 list value. It under, add 27p per

o,
1 O /0 il st value of Lids ower €25 where
ustt PO o cheque oS sent with arde:

MONTHLY BARGAIN LISTS
5 A E brings monthly iist ol bargains
Alsa cutrent quick reference price ist of all ranges

Cash with order 1P O or cheque payable to Electrovalue Ltd } or your Access or Barclaycard number
TRADE AND INDUSTRIAL ENQUIRIES INVITED
For all round satisfaction — be safe — buy it from ELECTROVALUE

Dept. ETI.8. 28 Judes Rd., Eng
TW20 OHB.

ELECTROVAL

LTD

lefield Green, Egham, Surrey

Phone Egham 3603: Telex 2644 75.

Northern Branch (Personal shoppers only), 680 Burnage Lane,

Burnage, Manchester M 19 1NA.

Phone (061) 432 4945.

3. .
/ 3. Low Level (Logic 0) less than tv
4. Fast pulses (Mark-Space ratio indicated by relative
4 brightness of centre segments)

Special Introductory Offer Price .. £11.75 Inclusive of P.&P. COST.

All our Prices include V.A.T. Please include 25p P.&P. except where stated
otherwise.

Our Stores at 31 POOLE ROAD WORKS. Wimborne are open to personal shoppers
on Fridays from 2.15 pm to 8.00 pm and on Saturdays from 9.15 am to 6.00 pm.
R. F. Equipment Spares Limited, 3 Lacy Cross, Wimborne, Dorset.

Tel. Wimbome (0202) 885854
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electronics
tomorrow......

by John MillerKirkpatrick,

AS YOU SWELTER in the sun this Summer (?} think
forward to Christmas 1978 and the never ending task of
trying to think of new and original presents for Aunt
Mavis and Uncle Eric. If you think that you have
problems spare a thought for the manufacturers of gimic
presents who have the problem this year of what form to
present an electronic goody. Should they come up with a
super calculator which calculates, tells the time and date
in all 24 time zones, checks your pulse and biorhythm,
etc. etc, — bit old hat really! What about a new gadget
for the kitchen which slices cucumber, carrots, potatoes,
picks up crumbs and nails and checks your pulse and
biorhythm?

Auto-focus for cameras and . . .?

Electronic cameras have been with us for some years
with automatic light sensors, shutter timers, etc. The
latest development is a self-focusing device which is now:
being fitted to some cameras, the device is from Honey-
well and goes under the name of Visitronic. The type of
rangefinder or auto-focusser fitted to some cameras at
present is based on two mirrors, one fixed and one

EXTERNAL FIXED MIRROR

e
A ' / INTEGRATED
CIRCUIT

EXTERNAL MOVING MIRROR

Fig. 1. External arrangement of mirrors for the Visitronic.

moveable, which reflect the images onto the viewfinder.
Adjusting the focus screw moves one of the mirrors
until the images relfected from the two mirrors become a
single image and at this point the image is assumed to be
in focus. A similar system is used in the Visitronic except
that the images are reflected onto the surface of an IC
with two photosensor arrays, one at each end of the IC.
As the mirror is moved the images presented at the two
photo arrays are compared and a signal is produced
which is relative to the comparative matches in the two
arrays with a peak at the best match. The movement of
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Fig. 2. The Visitronic module, with prism, two 1enses and linear
1C chips.

the mirror is linked to the focussing ring of the camera
and thus is capable of continuously adjusting the focus
of the camera so that it is centred on the most obvious
subject in view. The speed at which this happens is fast
enough to operate during the time that the shutter is
open for a still camera and thus is capable of ‘instant’
focus for cine or TV cameras.

The whole unit is packaged in a TO-8 can with a
sophisticated plastic over which also incorporates two
plastic lenses and a prism to transmit the light from the
external mirrors onto the photo arrays, the mirrors,.
mirror motor, and controls are not included. The actual
chip measures 100 x 250 mils and contains sensors,
amplifiers, voltage regulator, reference voltage, peak
detector and output driver. The photosensor arrays are
each broken down into four parrallel sensors on each
side of the chip, the use of four sensors in each array
increases the sensitivity of the device and allow for more
accurate calculation of the best image match.

Eye Technology

Applications of the Visitronic are not limited to use in
cameras. Your average run of the mill Robot uses light or
ultrasonics to find its way around obstacles, it might now
be possible to use one or more Visitronic devices to give
the Robot something approaching the concept of an eye.
With an MPU backing up the Visitronic it may be
possible to differentiate between similar objects of
different sizes, different textures or colours. This might
well be a beginning to the answer to one Robot problem
which has always fascinated me — unless you know
different. If you show a young child a picture of a male
lion standing under a tree the child has no difficulty in
relating this to your own small tabby kitten and will not
mistake it for a dog. The Robot can be persuaded to
recognise the picture of the lion and can inform you that
it is the picture of the lion, and can inform you that it is
the picture you have told it is called lion on any sbuse-
guent showing of the picture. If your kitten wanders into
the viewing range of the Robot it will not recognise it at’
all unless the kitten decides to strike up a pose similar to
that of the lion under the nearest hat stand. Is the
problem of recognising a pattern from a different angle,
size, colour, etc really that difficult?
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01-3 TO SUIT RELAYS
29,10 ARE BC108
IC1IS 7413

IC2 1S 7490

1C3 1S 7442

1C4 1S 7400

C5 1S 7430

IC6 1S 7447

DISPLAY IS DL707

Electronic Switch
S. Yacu

This circuit provides remote switching
of up to eight loads, and uses only two
switches for selection. One switch is
used to select the load to be control-
led, the second controls whether the
load is energised or not. If the state of
one of the loads needs to be changed,

e = o

SWiis depressed until the number of
the load appears on the 7-segment
display. The decimal point then indi-
cates whether or not the load is ener-
gised. To change the state of the
load, SW2 is depressed (pressing
SW2 again will change the loads state
again).

The circuit is based ona 7442 .1 of
8 multiplexer and a 7490 binary
counter. When SW1 is closed, the

- Tech-Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer -
queries on these items. 3
ETl is prepared to consider circuits or ideas submitted by readers for this page. All items
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Schmitt trigger IC1 will oscillate and
clock the 4-bit counter. This drives the
7-segment decoder and the 1 of 8
multiplexer. The outputs from the
multiplexer are inverted and fed to the
J-K flip-flops. When SW2 is pressed
and released, a pulse will occur at the
collector of Q10. The pulse will clock
the selected flip-flop and activate or |}
deactivate the relevant relay driver
transistor (Q1-8).

used will be paid for. Drawings should be as clear as possible and the text should preferably
be typed. Circuits must not be subject to copyright. Items for consideration should be sent
to ETI TECH-TIPS, Electronics Today International, 25-27 Oxford St., London W1R 1RF.
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FEATURE

DESIGNING
HIGH(EST)~FI

AMPS

Audio amplifier design has come a long
long way since its move into semicon-
ductors. Stan Curtis, who has been res-
ponsible for such excellent examples of
the art as the Cambridge Audio and Lec-
son, explains here the black arts of
super-fi designing.

«=~ _in practical terms. the-balancing of

CAREFUL LISTENING TESTS have shown that while an
amplifier that measures badly is unlikely to sound good
one that measures well cannot be guaranteed to sound
good. Thus it is apparent that the traditional measure-

‘ments of power distortion and frequency response need

supplementing by new and more powerful laboratory
tests. Such tests should more closely relate to the
conditions prevailing when the amplifier is driving
realistic loads and using music signals rather than
sine-waves, which of course represent only one special
case.

AMPLITUDE
\ BALANCE

MONITOR
AMPLIFIER
UNDER
TEST

VIRTUAL
EARTHMIXING /7.
> AMPLIFIER

i

3 ;

1

f 1

b P 1)
! 'f" | PHASE BALANCING
4 / ! CIRCUIT (TYPICAL)

: i

0 [

d . ! '

SIMPLE NULLING CIRCUIT

Block diagram of the Peter Walker balancing test.

Balancing Act - ' = T
The first such test was popularised by Peter Walker of
Quad. 1t i5a Simple nulling system whith attempts to
cancel the output and input signals of an amplifier. With.
full cancellation whatever remains must be distortion,
i.e. signals added to or subtracted from the original. The
ideal, or perfect, amplifier will produce no residual at the |
output of the nulling circuit and any imperfections will
be monitored during a piece of music. -
this CirCUH-5 Verysm-
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However, with such high current capability it is
essential that the amplifiers have speaker muting to
prevent switch-on "'thumps’’ (or more accurately, ear-
thquakes) and DC offset protection to protect the louds-
peakers from the effects of 20 Amps of pure DC!

Offsetting Long Tails!

DC offset has been a major problem with many DC
coupled amplifiers (i.e. those having no output capaci-
tor). The offset voltage measured across the output
terminals should not be any more than + 50 mV. Once
this voltage starts to rise the loudspeaker is subjected to
a DC bias which moves the coil out of the central
position. This in turn causes the coil to heat up and the
power-handling capability of the loudspeaker to be
restricted.

Eventually (and often sooner) the loudspeaker will
blow. Many amplifiers have an offset voltage that is
acceptable when the amplifier is first switched on but
which starts to increase as the amplifier heats up. Such
amplifiers are subject to thermal drift and this drift is
normally due to a component mismatch in the circuit.
The conventional amplifier, with a long-tailed pair at the
input, is “'theoretically’* free of thermal drift as these will
be automatically compensated for by the DC feedback.

However, this is on the assumption that the first two
transistors (or FETs), forming the long-tailed pair, are
perfectly matched.

The input offset voltage (upon which the output offset
voltage is dependent) is related to the base-emitter
voltage Vg of each transistor.

e.9. Vos =Vge1 —Vaes

This difference can be made almost insignificant by
using a dual-transistor or a monolithic integrated-circuit
differential stage where matching is provided by the
simultaneous adjacent fabrication of the two transistors.
With discrete transistors, however, a close match is
unlikely.

Similarly unbalanced output loading or mismatch of
the collector resistors also increases the offset voitage.
These mismatches also worsen the linearity (and hence
the distortion) of this stage. Thus well designed
amplifiers usually use 1% tolerance resistors in these
positions and adopt balanced circuitry throughout.

The offset voltage is considerably reduced by the
application of local DC feedback that occurs when
emitter resistors are fitted. In this case: i

Vos =Vae1—Vaea + gy Ry —lgs Ry

and so by adjusting the balance between R,; and R.,
with a trimpot a balance can be achieved.

Emitting Resistance
Note that R, =R +r, is the total external emitter resist-
ance and r, is the transistor dynamic emitter resistance.
Thus it can be seen that in the earlier typical example of a
stage without emitter resistors, an inbalance of r.andr,
will cause a worsening of the offset voltage. More
importantly it can reduce the common mode rejection of
the stage. In this case the common mode is the HT lines
with their ripple to appear at the output of the amplifier.
Of course the presence of emitter resistors also lowers
the AC gain of the stage. For reasons to be discussed later
this is not such a bad thing but in some amplifiers, for-

e

s

+Ve

o b o ol RS ' Ay

—Ve
— 0

Differential pair with variable emitter resistances balanced by-
variation of the potentiometer.

1C1
Q1
Vos

iJ —Ve

in this circuit the input offset voltage is related to the base-
emitter voltage of this transistor.

Recovering lost gain by use of bypass capacitors across the
emitteér resistances.
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Effect of a sine wave of varying amplitude as signal upon the DC
offset voltage at the output.
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In the case shown in the diagram (unconditional stability) the
open-ioop response of the amplifier is stabilised by rolling it off
at a slow 20 dB/decade slope with a single pole at 1 KHz. This
amplifier would be stable with any amount of resistive feedback.
However it will be seen that at higher audio frequencies the
amount of feedback available reduces and so the distortion of
the amplifier will increase. For this reason many amplifiers are of
the ““marginally stable’’ type.
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In this case the amplifier has a fast roll-off which allows an
improved closed loop performance at higher frequencies but
without careful compensation they are not stable under all
conditions of feedback. Once the phase shift reaches 180° the
amplifier will become unstable so it can be seen that our example
is only marginally stable.
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example the GAS Ampzilla. This gain can.be recovered
by using bypass capacitors.

Clip-on Off Set

Another situation where abnormal DC offset voltages
occur is following a clipping overload of the amplifier.
When many amplifiers are driven into clipping, the DC
voltage of output rises towards one of the HT lines and
then when the signal comes out of clipping the amplifier
takes a finite time (often several seconds) to recover with
the output DC voltage often oscillating between a
positive and negative voltage before finally settling back:
to its nominal zero. Of course, when the amplifier is
driven into clipping the normal negative feedback
system ceases to control the amplifier.

Thus the DC instability is indicative of poor low
frequency stability in the amplifier. Some of the worst
(but not all) amplifiers in this respect, have separate AC
and DC feedback loops and so have big eletrolytic,
capacitors (decoupling the AC loop) which take time to
charge and discharge.

The old Cambridge P100 amplifier had this problem
and the effect on the reproduction of a loud bass note

~ can be imagined to be as waffley and uncontrolled as it

is. Regrettably many amplifiers still suffer from this
problem.

Quite often some amplifiers go unstable without their
owners becoming aware of the problem. Sometimes the
oscillation may be moderate in level and at a very high
frequency; the only symptom being that the amplifier
seems to run hotter and next-door’s electric drill causes
more TV interference than before!

Compensation Phase

To know why some amplifiers are potentially unstable it
is necessary to understand the principles of phase
compensation. Much of the low distortion characteristics
of amplifiers are achieved through negative feedback. If
the phase shift around the feedback loop reaches 360

at any frequency at which the loop gain (i.e. the overall
amplifier gain) is unity the result is a self-sustaining
oscillation at that frequency.

The phase-inversion to provide negative feedback
produces a stabilizing 180 (eg. ''out of phase’’) phase
shift, but an additional 180 can be developed in the
amplifier.

The phase shift developed through an amplifier is the
combined phase shift of its several stages, and it usually
develops 180 at higher frequencies. To ensure
frequency stability under feedback conditions, phase
compensation reduces the amplifier gain at those
frequencies for which phase shift is high and it reduces
high frequency phase shift by accepting a greater phase
shift at low frequencies. This is accomplished by adding
response poles and zeros in the form of resistor-capacitor
networks (real or inherent in the transistors) in the
.amplifier circuitry.

Equally important, to the owner of an expensive pair
of loudspeakers, is the problem of high-frequency
instability. These days very few high quality amplifiers
are so unstable that they break into oscillation. However,
quite a few respected units are on the edge of instability’
and so can potentially become unstable following a shift
in operating conditions or of output loading. | 4
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Sum Theory

The author used another technique at Cambridge
Audio to investigate the changes in amplifier perfor-
mance that are dependent upon the loudspeaker load.
The two channels of a stereo amplifier are driven in
mono but one channel is converted to become non-
inverting. The outputs of both channels are sum med and
the resulting signal is monitored. Theoretically both
channels should transmit the signal in the same way and
(for a given circuit design) any distortion, time aberra-
tions etc. should be the same for both channels. It is
often quite possible to balance the two channels (driving
8 Ohm resistive loads) so that the residual is inaudible.
However when one 8 Ohm load is replaced by a real

LHC

B
SIGNAL W I N 1
L’ e N
AMPLIFIER 8 OHM
MONITORING
UNDER TEST Sh Ty
|

RHC

p——— s i J

LOAD

SIMPLIFIED TEST SYSTEM

Using one channel as an inverting amplifier to monitor distortion
produced by the design.

“live’" loudspeaker the residual betrays problems
‘caused by the new load. In a refined form the test works
‘well and it did reveal two interesting things;

i) the two channels of the average amplifiers are rarely
identical

i) some amplifiers work better in the inverting mode
than in the non-inverting.

These tests serve best to indicate imperfections
without generating much data to help the designer. Two
simple but useful tests do generate an awful lot of usable
data. The first is an HF Intermodulation Test.

IM High
The conventional IM test uses an LF (50 Hz) and an
HF (7 kHz) tone in a 4 to 1 ratio and then measures the
sum-total of the sideband (e.g. distortion) components.
This is of little practical value unless the amplifier is
particularly non-linear.

SPECTRUM ANALYSER
2

11 = s 1
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M‘I\)s(?ll\l\éE DISTORTION SIDEBANDS

Intermodulation distortion testing using three frequencies.
The HF IM test uses two tones of, say, 15 000 Hzand

15 100 Hz and the resulting side-bands are viewed on a
spectrum analyser. The frequencies can be altered to
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suit whatever simulation that is desired, e.g. two
sopranos trying to sing the same note.

By repeating the tests at different levels it can be seen
that many amplifiers have a performance which varies
appreciably with signal level, and the test results corre-
late very well in identifying amplifiers with an aggressive
“top end.”’

Dynamically Noisy

The second test is similar bit attempts to measure the
amplifiers” performance under more varying,
“'dynamic’’ conditions. A white noise source has a
harmonic and amplitude structure which is variable and
random and thus provides a better simulation of a music
signal than does a sine-wave. The noise signal is passed
through a bandpass filter to define its frequency res-
ponse. The bandwidth and centre-frequency can be
altered to suit the investigation as can the overall
operating level. The output of the amplifier is fed to a
spectrum analyser where the out of band components
can be studied. Again this test is very useful for studying
the effects of different loudspeaker loads but more
significantly for subjecting the amplifier to random
momentory “‘clipping’’ overloads.

SPECTRUM
ANALYSER

WHITE
NOISE
SOURCE

BANDPASS
FILTER

)
AMPLIFIER I

NOJSE SBAND
SIMPLFIED VERSION DF NOISE SAND TEST

Noiseband testing with a spectrum #nalyser, the sidebands
produced by the amp are clearly visible.

‘A Channel and A Log

Possibly the most complex type of testing in use is a
form of input and output signal comparison used by
Analog Engineering Associates in the U.S A. and, in a
simplified form, by Mission Electronics in the U.K. AEA
have developed a Transient Distortion measurement
system that uses music as a test signal to evaluate circuit
performance under dynamic conditions. This system
consists of a dual channel analogue to digital convertor
which is designed to have a resolution of 1 part in
65 536 0or 0.0015%.

One channel of this is used to sample the input music:
signal whilst the second channel samples the output
signal via a precision attenuator. The digitally encoded
output of the convertors is fed to a computer memory
system for later analysis. Instead of trying to compensate
for the amplifiers phase and frequency response with a
passive circuit (as in the earlier simple nulling circuit) a
frequency sweep is made through the amplifier to
generate a “'transfer function’’ which the computer can
use to correct the data during the subsequent error
analysis.

Once a series of measurements have been made in
the course of playing a passage of music the resultant
data can be subjected to a series of Fourier and
Coherence analytical calculations. Put simply, this
means that any difference between the input and output
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