Adding remote control to any circuit or device
is not as hard as you might think. This article

shows you how its done.

THE DREAM OF ADDING REMOTE CONTROL
to appliances, gadgets, and projects is an
old one in electronics. But because of the
complexities involved, it is one that has
been beyond the skills of many hobbyists.
Now, as in so many other arcas of elec-
tronics, Large Scale Integration (LSI) IC’s
have come to the experimenter’s rescue.
The Motorola MC14457 remote control
transmitter and MC14458 remote control
receiver [C’s, by themselves, form almost
90% of a high-quality infrared or ultra-
sonic remote-control system that is capa-
ble of handling up to 272 commands.
Although the IC set was developed for
television remote use, and has some spe-
cial pin functions for that purpose, it is
highly flexible and can be used for a myr-
1ad of remote-control needs ranging from
controlling TV and stereo gear, to remote
arming of security systems, to remote pro-
gramming of computers and robots.

The remote-control system

The MC14457 IC (see Fig. 1) needs
only akeyboard, oscillator, output device,
and battery to form a complete remote-
control transmitter. Similarly, the
MC14458 receiver (also shown in Fig. 1)
needs only a power supply, input circuit,
and oscillator to function. Both devices
are CMOS, and thus require only a mini-
mal amount of supply current.

The transmitter does not have or need
an on/oft’ switch. When a button on the
keyboard is pressed, the clock oscillator
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starts up, the key is decoded, and the cor-
rect seven-bit data stream is transmitted
via either an array of IR LED’s or an
ultrasonic transducer. Four of the trans-
mitted bits are actually either data or a
command; a fifth “function” bit lets the
receiver know the nature of those bits (the
function bit is not externally available).
Two start bits are added to synchronize the
transmission with the receiver. Table 1
shows the 32 possible keys, their codes,
and their row/column location.

The data is transmitted in FSK (Fre-
quency Shift Keying) format, using two
frequencies divided down from the 500
kHz control clock—38.46 and 41.66
kHz. That FSK transmission, other than
using much higher frequencies, is similar
in operation to the encoding process used
by computer modems.

The 14458 receives the transmitted data
through either a photodiode or an ultra-
sonic transducer, After the signal is am-
plified and conditioned, the receiver IC
decodes it from its FSK form and, accord-
ing to the state of the function bit, routes it
to either the data or the command port.

If the function bit is a @, the four bits are
read as data and are routed to the data port.
The data port is two digits wide (each digit
is made up of eight bits), and can be con-
figured to accept either one or two digits
as a full data word. After a full word is
transmitted, a pulse appears on the data
available (pa) pin. The data can be either
BCD or hexadecimal in format, depend-
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FIG. 1—THE 14457 REMOTE-CONTROL TRANS-
MITTER IC pinout (top) and the 14458 remote-
control receiver IC pinout (bottom). With the ad-
dition of a keyboard, oscillators, power sup-
plies, and input and output transducers, the pair
of IC's becomes a powerful remote-control sys-
tem.

ing on the number of keys used in the
transmitter, so data words from @ to 99 (¢
10 9 in single digit mode) or §0—FF (3-F)
can be transmitted to the data port.

If the function bit is a 1 instead of a §,
the four data bits are read as a command,
and are routed to the command port. A
received command is latched into the 4-
bit port, after which a pulse appears on the
valid command (vT) pin. Of the com-
mands, four are internally decoded by the
14458, and twelve require external decod-
ing to be useful.

With 256 data words and 16 com-
mands, plus other specialized single-pin
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TABLE 1—4457/4458 COMMAND ENCODING

Key Row Column FB €8 C4 C2 C1 VC Pulse
0 1 1 0] 9 7] 0 0

1 1 2 @ 9 0 6] 1

2 2 1 9 9} (4] 1 (%)

3 2 2 @ 0 9 1 i

4 3 1 %] 9 1 Q 2

5 3 2 1%} (0] 1 %} 1

6 4 1 (4] 0} 1 1 Q

7 4 2 Q Q 1 1 1

8 5 1 (%] 1 %) %) 0

9 5 2 0 1 9] a 1

TOGGLE 1 1 3 1 0 6] 2 0 X
TOGGLE 2 1 4 1 1} [0} o} 1 X
CONT 1 2 3 1 (4] @ 1 @ X
CONT 2 2 4 1 4] 9] 1 1 X
CONT 3 3 3 1 (%) 1 9 [0 X
CONT 4 3 4 1 7} 1 7} 3| X
ANALOG DOWN 4 3 1 %) 1 1 4] X
ANALOG UP 4 4 1 4] 1 1 1 X
MUTE 5 3 1 1 6] %] 9] X
OFF 5 4 1 1 g 0 1 X
A 2/5 1 ) 1 0 1 6]

B 2/5 2 % 1 (%) 1 1

2] 3/5 1 | 1 1 @ 1]

D 3/5 2 0 1 1 (6] 1

E 2/3/5 1 ] 1 1 1 [}

F 2/3/5 2 Q0 1 1 1 1

CONT § 2/5 3 1 1 1} 1 4} X
CONT 6 2/5 4 1 1 0 1 1 X
CONT 7 3/5 3 1 1 1 19} %) X
CONT 8 3/5 4 1 1 1 0 1 X
CONT 9 2/3/5 3 1 1 1 1 (0] X
CONT 10 2/3/5 4 1 1 1 1 1 X

outputs controlled by the data sent to the
two ports, it's easy to see how that IC set
can be used in dozens of different ways.
By proper use of the data and proper de-
coding of the commands, almost anything
that can be done with switches and knobs
can be done over an invisible beam. The
only limitation on the usefulness of the
14457 and 14458 is how well you can
interface the receiver to the device under
control. Before we get into the problems
of interfacing and decoding, let’s look at
how a complete transmitter and receiver
are built.

The transmitter

Since the 14457 is CMOS, it draws
almost no supply current by itself.
However, the clock oscillator and the out-
put device are another story—the current
drawn by both would normally make bat-
tery power impractical. However, the
14457 is designed to shut down the os-
cillator when it is not needed and the
output circuitry draws power only when
transmitting, which takes 0.1 seconds per
data stream. Those features make both
battery power and the lack of an on/off
switch completely practical.

Being CMOS, the 14457 can operate
from a supply voltage between 5 and 12
volts. The voltage and type of battery used
will depend on the type of output. Since
the ultrasonic type needs a higher voltage
but much less current than the IR type, an

ordinary 9-volt transistor battery can be
used for power. The array of IR LED’s, on
the other hand, need a substantial amount
of supply current, so four “AA™ or
“AAA” cells in series (for a total of 6
volts) should be used. In both Figs. 2 and
3, note that a diode is used to prevent
damage to the IC from reversed battery
connections and a S0-wF capacitor is used
to filter transients from the supply line;
those components should not be omitted.
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FIG. 2—THE BASIC CONNECTIONS for the
transmitter oscillator. Note that this circuit uses
an ultrasonic output.

FIG. 3—THE OUTPUT CIRCUIT for an infrared
transmitter.

The 14457 has an on-board oscillator
circuit; the only external parts required are
the frequency-determining components.
Both the 14457 and 14458 require an iden-
tical control frequency of about 500 kHz.
Instead of using a crystal to maintain the
frequency, both units use a much cheaper,
smaller, and more durable ceramic reso-
nator. While ceramic resonators are less
precise than crystals, they are more than
accurate enough for many uses, this one
included. The exact frequency of the reso-
nators used is not important, as long as
they are identical and of about the fre-
quency specified. Suitable resonators are
available from the source provided on
page 67 (Ordering Information).

The ceramic resonator is used in exact-
ly the same manner as a crystal (Fig. 2),
requiring a tank circuit around it to force it
to oscillate at the correct frequency. High-
Q disc capacitors and metal-film resistors
should be used in the tank circuit to pro-
mote stability. Note that the 14457 dis-
ables the oscillator by clamping pin 1}
(osc N) to ground.

The output circuit of the ultrasonic
transmitter is simpler than that of the IR
type and requires no circuitry in addition
to the ultrasonic transducer itself. The
14457 uses complementary push-pull out-
puts to generate a strong, balanced drive
signal across the transducer.

The IR output uses only one of the two
outputs, since a driver transistor is needed
to provide sufficient current to the LED
array. Three infrared LED’s are used to
increase the range of the transmitter.
High-output LED’s such as XC880A’s or
TIL906-1's should be used.

There is no real difference in perfor-
mance or range between the two types of
output. The IR output is decidedly cheap-
er, since a pair of ultrasonic transducers
can cost $25.00 or more, and the parts are
more widely available. On the other hand,
the IR beam is limited to line-of-sight



Ordering Information

The following are available from Circuit
Specialists, PO Box 3047, Scottsdale, AZ -
85257: 14457/14458 transmitter/receiver
pair, $17.00 postpaid; 455-kHz ceramic
resonator (Mallory CU455), $8.50 each,
postpaid.

operation, while the ultrasonic signal can
bend around corners and other obstacles.
In general, the IR type is recommended
for hobbyist use.

Besides the push-pull transmitting out-
puts, the 14457 has another output, the
DATA output, that can be used to give a
visual indication of transmission. It fol-
lows the unencoded binary data used to
modulate the FSK transmission. If a driv-
er circuit and LED like that in Fig. 4 are
added, the LED will flicker briefly each
time data is transmitted. That load will
contribute slightly to battery drain, but
since it is impossible to see infrared or
hear ultrasonics, the feedback of a visual
transmission signal could be valuable.

The most difficult part of building the
transmitter is the construction of the key-
board. The 14457 has four column and
five row inputs, each with its own internal
pull-up resistor. To transmit a data digit or
command, one column and one (or more)
rows must be simultaneously shorted to
ground. The problem is that only one type
of row-to-column-to-ground keyboard is
commonly available, and it is for tele-
phone use, and it has the familiar 12-
button pattern. Since that type of key-
board is expensive and difficult to modify
to the circuit needed here, it is not prac-
tical.

Fortunately, there is an alternative. The
ordinary row-to-column type of matrix
keyboard may be used with an array of
NPN transistors to provide a path to
ground. That allows use of the common,
inexpensive membrane-type keyboard
like that found in many calculators. The
NPN transistors may be discrete
2N2222/2N3904 types, or a DIP array
such as the CA3046/3086.

Actually, any type of SPST normally
open switches could be used to build a
keyboard, with one connection of each
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FIG. 4—THIS CIRCUIT can be added to give a
visual indication of the transmitted signal.
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FIG. 5—THE 10-KEY keyboard. Each SPST normally-open switch shorts one row to one column. Note

that the column 3 and 4 pins are left unconnected.
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FIG. 6—THE 20-KEY keyboard. Either discrete transistors or an NPN IC array can be used.

switch going to the correct row and the
other going to the correct column. Al-
though that type of keyboard will be more
expensive and much larger than the mem-
brane type, the keys can be laid out in any
desired pattern.

The 14457 allows the use of up to 32
keys, 16 for the data digits @ through F,
and 16 for commands. Any of those keys
and commands may be used indepen-
dently, with or without any other keys.
Also, any lesser part of the 32-key pattern
can be used. Let’s look at three such sub-
patterns, and the full 32-key version.

The simplest keyboard (Fig. 5) uses
only [0 keys, those corresponding to the
digits from @ through 9. That pattern

would be ideal for security system disarm-
ing, with the receiver input mounted be-
hind a window or near a door. Note that
the two unused column inputs are left un-
connected; since they have internal pull-
ups, no external disabling is required.

A somewhat more complex keyboard,
the 20-key version (Fig. 6), is probably the
best compromise between usefulness and
too much complexity. That keyboard adds
the following to the 10-key keyboard: oFr,
ANALOG UP, ANALOG DOWN, MUTE, twoO
uncommitted toggle-type commands, and
four uncommitted continuous-type com-
mands. (We’ll talk about the command
types in a moment.)

Since all of the available rows and col-
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FIG. 7—THE 26/32-KEY keyboard. if the extra commands are not needed, switches C5-C10 can be

deleted.

umns are used for the 20-key keyboard,
three extra rows must be “‘synthesized™ to
access the remaining 12 commands. That
is done by using an array of diodes (Fig. 7)
to allow each of the new rows to short
more than one of the existing rows to
ground at the same time. The three new
rows are labelled 2/5, 3/5, and 2/3/5, in-
dicating the existing rows used to syn-
thesize each. :

If all 32 keys made accessible by
adding those synthesized rows are used,
six more continuous-type commands are
available, along with the six hexadecimal
digits A through F. If only access to the
hex digits is desired, the six command
keys can be deleted, leaving the 26-key
keyboard. The only thing that determines
whether BCD or hex data can be transmit-
ted is whether or not the hex digit keys are
available. If the 10- or 20-key keyboard is
used, only BCD data may be sent; with
the 26- and 32-key versions, either BCD
or hex data can be transmitted.

The receiver
The receiver half of the remote-control

system is slightly more complex. The
14458 requires a power supply between 5
and 6 volts, and thus can use a TTL power
supply if one is available. If a voltage in
that range is not available from the device
being controlled, a higher voltage can be
regulated down or a separate power sup-
ply added. Since the 14458 and it’s out-
board circuitry are CMOS, not more than
20-30 mA of supply current should be
required.

The 14458 has three inputs, one for the
incoming signal (pATa IN), one for the
oscillator frequency (osc IN), and one
used for automatic power-on reset (POR).
The poR input, pin 3, has an internal pull-
up resistor and needs only a0.22-0.47 wF
capacitor between it and ground for opera-
tion. With such a capacitor in place, when
power is applied to the 14458 all of its
outputs and internal registers will be reset
to 0.

The oscillator used in the 14458 (Fig. 8)
is almost identical to that used in the
transmitter, except that the receiver re-
quires an external active element, a
4069UB inverter (the active element is

internal on the 14457). The ceramic reso-
nator used in the 14458’s oscillator must
be identical to that used in the transmitter.

The FSK signal is received, as de-
scribed earlier, by either a photodiode or
an ultrasonic transducer. The transducer
can be directly connected to an amp input,
but the photodiode requires a pull-up bias-
ing resistor from 22K-220K, with the ex-
act value determined experimentally once
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FIG. 8—THE BASIC CONNECTIONS for the re-
ceiver oscillator. For single digit operation, pin 9
(ma) would be tied to +5V, and pin 6 (u/v) would
be grounded.
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FIG. 9—FOR BEST SENSITIVITY and range, the
value of the bias resistor, R1, must be deter-
mined experimentally.

the circuit is built (see Fig 9). That bias
resistor controls the sensitivity and thus
the pickup range of the photodiode.. An
infrared filter must be used in front of the
photodiode to exclude ambient light and
further increase its sensitivity. Although a
piece of red plastic like that used for dis-
play filters can be used, a true IR filter will
give better performance.

From the pickup, the signal is sent to an
amplifier. We’ll show you a suitable am-
plifier and finish things up. R-E
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A VERSATILE
REMOTE
ONTROLLER

Adding remote control to any circuit or device
is not as hard as you might think. This article
shows you how its done.

P t 2 LAST TIME WE BEGAN
ar to look at the receiver
half of our remote-control system. Let’s
continue that discussion now.

The output from either the ultrasonic or
infrared pickup must be amplified before
being input to the 14458. One suitable
amplifier design is shown in Fig. 10. That
circuit takes the signal from either type of
pickup, amplifies and conditions it. and
clips its amplitude between 0 and 5 voits.,
producing at its output an exact duplicate
of the signal applied to the transmitting
LED’s or transducer.. Other amplifier de-
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signs could be used, as long as they have a
high-impedance input and extremely high
gain. However, the amplifier in Fig. 10
meets that requirement and uses some of
the inverters already available.

As discussed earlier, the 14458 has two
output ports, one eight-bit port for data,
and one four-bit port for commands. The
data port is actually two four-bit ports, one
for the Most Significant Digit (MSD) and
composed of the outputs mi through s,
and one for the Least Significant Digit
(LSD), composed of the outputs Li
through Ls.
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N G ouT
C5
001 1/6 4069 001

FIG. 10—THIS INPUT AMPLIFIER is ideal for use with the receiver. It can accept the output from either

the infrared or ultrasonic pickup.
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THESE TWO IC’s form the heart of a versatile
remote control system that can be added to al-
most any circuit or device.

When data is transmitted, the first digit
sent is routed to the MSD outputs, and the
second digit to the LSD outputs. Both
digits are latched in simultancously and
followed, aftera 0.1 second delay, by a 0.8
millisecond positive pulse on pin 17 (pa).
The data and the DA pulse may be used in
any manner necessary.

Without any special connections, the
14458 is configured to receive two digits
as a full data word. If desired, the receiver
can be converted to accept a single digit as
a full data word by connecting pin 9 (m4)
to +V and pin 6 (u/v) to ground. In
single-digit mode, the first data digit
transmitted will be latched into the LSD
outputs and followed by the DA pulse.

The command transmission situation is



Ordering Information

The following are available from Circuit
Specialists, PO Box 3047, Scottsdale, AZ
85257: 14457/14458 transmitter/receiver
pair, $17.00 postpaid; 455-kHz ceramic
resonator (Mallory CU455), $8.50 each,
postpaid.

Also, the following are available from
Dick Smith Electronics, PO Box 8021, Re-
dwood City, CA 94063; telephone number
800-332-5373: Photodiode (catalog
number Z-1950), $.60 plus shipping and
handling; a matched pair (receive/trans-
mit) of ultrasonic transducers (catalog
numbers L-7050 and L-7052), $2.95 each
plus shipping and handling. Note that this

supplier requires a $10.00 minimum order.

somewhat more involved. If the function
bit in the data stream is a 1, the four-bit
code is identified as a command, and is
routed to the command port. Once the
digit is latched into the port, thereis 2 0.1-
second delay and then a negative 0.8-
millisecond pulse appears on the VT
output, pin 18. All 16 commands and the
VC pulse may be used as necessary;
however, four of the commands are also
internally decoded by the 14458 to control
two specialized outputs.

When the key corresponding to com-
mand 09 or OFF is pressed, pin 5 on the
14458, oN/OFF, is driven low. That pin is
also set low when the IC is powered up,
and is driven high when any data word is
transmitted. If the 14458’s power supply
remains uninterrupted, that pin can be
used to turn the controlled device on and
off. When the oN/oOFF pin goes low or off,
the rest of the 14458 goes into a standby
mode, with commands being ignored un-
til a data word is transmitted.

The other three commands decoded by
the 14458 all control one output, pin 23,

FROMOG

ANAL

ouTPUT OUTPUT
(PIN 23) (0-5 VOLTS)

-

FIG. 11—THE LOW-PASS FILTER used to obtain
a smooth DC signal from the anaLoG ouT output.
An active filter and/or voltage follower can also
be used.

ANALOG ouT. That output provides a vari-
able voltage between 0 and 5, with a total
of 64 steps between the two extremes.
When the 14458 is powered up, the volt-
age is at 0. When the ANALOG UP KEY
(command 07) is pressed, the voltage at
the ANALOG oUT pin begins to step up-
wards at a rate of 10 steps per second, until
the key is released or until the maximum
of 5 volts is reached. The ANALOG DOWN
key (command 06) operates in the op-
posite manner, stepping the voltage at the
ANALOG OUT pin down at a rate of 10
steps/second until either the key is re-
leased or O volts is reached.

The mutE key (command 08) when
pressed once forces the ANALOG OUT
voltage to 0, and when pressed again,
returns it to its previous level. The aANA-
LoG up key will also return the voltage to
its previous level and, if held down, con-
tinue to increase it.

The ANALOG OUT signal is pulse-width-
modulated, and must be passed through a
low-pass filter (Fig. 11) in order to obtain a
smooth DC signal. If more than a few
milliamps of output current are needed,
an op-amp voltage follower should be
added. The ANALOG ouUT signal is intend-
ed to control a TV’s volume, but can be
used for any purpose. :

There are two basic types of com-
mands, toggle and continuous. The only
difference between the two is that with the
toggle type, the command is only sent
once (with one VT pulse) no matter how
long the key is held down, while with the
continuous type, the command is re-
transmitted (each time with a ¥C pulse)
every 0.1 seconds as long as the key is
depressed. oFF and MUTE are examples of
toggle-type commands; ANALOG UP and
ANALOG DOWN are continuous types.
There are twelve uncommitted com-
mands, two of which are toggle-type and
ten of which are continuous.

The 14458 also has three specialized
outputs intended for TV control that are
probably of little use otherwise. All three
are controlled by the data sent to the data
port.

Pins 6 (u/v) and 7 (LBV) are used to
switch between tuners and bands in a TV
set. When the data at the data port is
between 14 and 83, the u/v pin will be
high; it is low otherwise. ‘If the data is
between 02 and 06, the LBV will be low; it
is high otherwise. When the data is be-
tween 7 and 13, both pins will be low.

The third specialized TV output is dif-
ferent in that it may have other uses. Pin 4
(AFT) is used to disable a TV's automatic
fine tuning circuit briefly each time the
channel is changed. Each time new data is
entered into the data port, that output will
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FiIG. 12—THE OUTPUTS and decoding scheme
for the receiver used in the 20- and 26-key sys-
tems. Each enable output is used to activate one
output device.

drop low for 0.4 seconds. That could be
used as an alternate to the pa pulse, orasa
countering or resetting signal to it. The
only problem is that four other commands
(00, TOGGLE 1; 01, TOGGLE 2; 02, CONT 1 03,
CONT 2) also cause that pin to drop low,
which could interfere with such reset
functions.

Decoding and interfacing

The most difficult part of using a re-
mote-control system built with the 14457
and 14458 is interfacing the receiver to the
system under control. Since the idea here
is not to tell you how to build a specific
sort of remote-controlled device, we will
not discuss specific sorts of interfacing.
Instead, let’s look at a universal system
that can be used to decode the 14458’s
commands to control functions remotely.
It is up to you to provide the final link
between these decoders and the device
you want to control.

If the 10-key transmitter is used, no
decoding is needed as none of the com-
mands are accessible. The only step nec-
essary would be to interface the data port
(either one or two digits) to the security
system or other device. Note that although
no direct orr control is possible with that
configuration, the oFF output can be driv-
en high by transmitting any data word.
The ofF output (and the 14458) could be
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reset by the controlled device by pulsing
the poOR input low.

With the 20- or 26- key transmitter, ten
commands are available and must be de-
coded by external circuitry. Since the
command codes fit the ten BCD digits
(0000-1001), a 4028B BCD-to-10 line de-
coder can be used to generate ten separate
enable lines, one for each command (Fig.
12).

Basically, what that decoding scheme
does is use the appropriate enable line to
enable or activate the interface circuit as-
sociated with the command, and then uses
the V€ pulse or pulses to clock the circuit.
If the 32-key transmitter is used, there are
16 commands, so a 4514B hex-to-16 line
decoder must be used to generate the re-
quired number of enable lines (Fig. 13).
Table 2 shows the relationship of the com-
mands to their respective enable lines.

With that basic approach, an interface
circuit can be devised to interface the en-
able and T lines to control the proper
function on the controlled device. If nec-
essary, more than one enable line can be
used to control different aspects of one
output device. Let's look at four basic
interface circuit types.

The simplest type is used to generate a
pulse output when it is selected and
clocked by the VT pulse (Fig. 14). Two
4001B NoR gates are used, one to invert

45y
2
+
M8 :—o’
M40
M2t
- 20iGIT
1458 [16 ATA
Lgfi—o | INPUTS
ul2o
i
4 |
L3 24
J 1] _
c8 22 22) 45148 15 15 5
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20 3 13
C2p— 130
19 2 14
i) 5 12l
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12 Ig 17 O
|2 8 %3 (ENABLE
= 7[z—ofoutPuTs
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o
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T
Py L)
23 1 191 ;
g ~
12 iz
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FIG. 13—THE OUTPUTS and decoding scheme
for the 32 key system.

TABLE 2—-ENABLE DECODER OUT-

PUTS

OQutput  Command

00 TOGGLE 1

01 TOGGLE 2

02 CONT 1

03 CONT 2

04 CONT 3

05 CONT 4

06 ANALOG DOWN"

07 ANALOG UP"

08 MUTE"

09 OFF"

10 CONT §

11 CONT 6

i2 CONT 7

13 CONT 8

14 CONT 9

15 CONT 10

*also internally decoded by the 4458

ENABLE: © /4 40018

oy

2 3 6)1c16 )0t
Ve o 51/ 40018

FIG. 14—THIS INTERFACE CIRCUIT outputs a
puise that can be used to control a-device.

104, : 15
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FIG. 15—THE ONE-BUTTON alternate-action in-
terface circuit.
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ST 3 8 13
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chaBLE s o 10| V2 4m3_L

5| 1c1b RESET 0Qf*o

L

1/440818
Ve 1 2
1/6 4069UB

FIG. 16—THE TWO-BUTTON alternate-action in-
terface circuit. Either a 4013B or 4027B type flip-
flop may be used.

the enable line signal, and the other to act
as a gate that will pass the VC pulse (in
inverted form) when the correct enable
line is high. The pulse will be an exact
mirror of the VT pulse, 0.8 milliseconds
wide, and positive in polarity. A third or
gate could be added to’ re-invert the
pulse’s polarity, and if a longer pulse wid-
th is desired, a 4528 B monostable or 555
timer can be added to the output.

The basic on-off type of control is a
one-button alternate-action decoder (Fig.
15). A 4027B JK flip-flop has its y and
inputs tied together and to the correct en-
able line, and its cLK input tied to the VG

pin. If the enable line is low, a pulse on the
ve pin will have no effect on its outputs. If
the enable line is high, the pulse will
cause the outputs to change states. That
type of output device should be used with
a toggle-type command to keep it from
changing states more than once per key
press.

A more positive such control is a two-
button alternate-action decoder (Fig. 16).
Either a 4013B or a 4027B flip-flop may
be used in that circuit, since only the SET
and RESET inputs of either are used. One
enable line is used, via a 4081B anD gate,
to allow the VT pulse to reach the ST input
and drive the @ output high (and the ¢
output low, of course);another enable line
and AND gate are used to similarly allow
the VT pulse to reach the RESET input and
drive the @ output low. Note that the vc
signal is inverted in that circuit. The ad-
vantage of the two-button control is that it
is impossible to mis-set the flip-flop if the
correct button is pressed. Repeated press-
ing of a button or (in the case of a continu-
ous command) repeated VC pulses will
have no effect on the output; only pressing
the opposite button will alternate the out-
puts.

5V
16 1
L UP/DJV\CN oo 124
° o ETE
3 (4—9— BINDEC 4008 °[s °
0 15 A °
CLK
cigNp Pr P2 P3 Py
5 |8 |4 |12 |13 |3
oomn o , 1/4 40018
ENABLE ; w,
: 8
up
ENABLE ©

Veo

FIG. 177—THE UP/DOWN counter interface cir-
cuit. The 4029B can be set to count in either BCD
or binary format, or can be replaced by a
45108/4516B counter.

The last and most complex decoder is
an up/down counter controlled by two en-
able lines (Fig. 17). One is used to activate
the counter in the up-counting mode; the
other is used to activate the counter in the
down-counting mode. In both cases, the
Ve pulse is used to clock the counter in the
desired direction.

(Continued on page 113)



REMOTE-CONTROLLER

continued from page 66

The example circuit uses the 4029B up/
down binary/BCD counter, since that is
the most flexible type available. Not only
is that counter capable of counting up or
down, but it can count in either straight
binary or BCD formats. In addition, it is
presettable and cascadable. If the alter-
nate counting format is not needed, the
similar 4510B or 4516B binary counters
can be used.

Whichever of the three counters is
used, a single device will give a total of 10
or 16 steps. All three types can be cas-
caded to a second counter, giving 100 or
256 steps. One continuous command
should be used to step the counter up, and
a second to step it down. Gating could be
added to prevent over- and under-flow by
disabling the up enable when the max-
imum count is reached, and disabling the
powN enable when the all-zero state is
reached.

That type of decoder could be used in a
number of ways, the most flexible of
which is to interface its outputs with a
resistor string or an IC digital-to-analog
converter to obtain an analog voltage out-
put. A series of optocouplers and such a
resistor string could be used in standard
D/A format to replace a potentiometer on
the controlled device.

The data port has been left out of this
discussion, since it is meant primarily to
carry channel numbers, tuning frequen-
cies, and other numerical data. However,
if the controller is converted to single-
digit operation, another BCD or hex 1-of-
n line decoder could be added via that
port, giving 20 or 32 separate enable
lines.

There are a number of methods that can
be used to interface the CMOS outputs of
the various decoders to the controlled de-
vice; let’s examine some of those next. If
the device is digital and uses a matching
5-volt supply, often the outputs can be
directly connected. However, if more cur-
rent is needed, power drivers such as tran-
sistors must be added to the CMOS
outputs. If different voltages are used in
the controlled device, either power driver
IC’s or optocouplers must be used. Light-
duty reed relays can be used without spe-
cial driver circuitry.

It’s now up to you to take the
14457/14458 remote control system and
use those output devices (or a system of
your own) to interface it to what you want
to control, be it a TV, VCR, stereo, cable
tuner, CD player, computer, or any other
device or circuit that you can think of.
Whatever that device or circuitis, it can be
controlled by an invisible beam of light or
an ultrasonic wave linking the two halves
of this system! R-E
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Reader’s Circuit. Designed to switch
off a conventional tape recorder/player auto-
matically at the end of a reel, the control cir-
cuit illustrated jn Fig. 1 was submitted by
Richard F. Serge, ETR-2, aboard the USS
Columbus (CG-12). Although intended for
a specific purpose, the basie circuit is rea-
sonably versatile and, with a little ingenuity,
could be modified for more general applica-
tions.

Referring to the schematic diagram, com-
mon-emitter amplifier @1 normally is held
in a conducting state by the base bias estab-
lished by voltage-divider Rj-R5, thus ener-
gizing K1 (4- to 30-mA pull-in current) and
permitting equipment operation. At the
same time, base diode D1 is held in a high
resistance (non-conducting) state by a re-
verse bias obtained from a voltage-divider

TAPE
RECORDER

—e_  / [ J
seT /| Breass

SPKR

HHTVAC
OFF

PAPENS NN B

sa

Fig. 1. The control clrcuit can be used with a battery-operated recorder with the same effect.
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Multi- channel Proportional Remote Control

Use of t.t.l. in low cost system giving nine channels

by M. F. Bessant*

The introduction of inexpensive servo
torque units and integrated-circuit pulse-
width servo amplifiers has opened up new
possibilities in the field of low-cost propor-
tional remote control for general laboratory
or industrial use. Unfortunately the associ-
ated drive circuitry available commercially
is intended for model radio control, and is
often built on the same printed-circuit cards
as a 27MHz transmitter and receiver. The
cost-effective application of torque units
and amplifiers to a system not requiring a
radio link therefore depends upon the user’s
ability to construct suitable drive circuitry.

This article outlines a remote control -

system offering a maximum of nine fully
proportional channels, using medium scale
integration t.t.1. to obtain a low component
count and level of wiring complexity, at a
lower cost than currently available con-
struction kits.

Coder

The purpose of the coder is to scan sequen-
tially nine parallel input commands (from
potentiometers for fully proportional in-
formation and switched resistors for *‘go/
no-go” or multi-step information) and

present them to the single-line data link as

a series of nine varying width pulses
followed by a fixed width synchronisation
pulse.

To understand the operation of the coder
shown in Fig. 1, it is advisable to start on
familiar ground with the collector-coupled
astable multivibrator formed by transistors
Try, Tr,, and Trj, then assume that on the
initial application of power the decode
counter holds a number between 0000 and
1001 (i.e. a b.c.d. number), say 0001. This
will result in charging current being ““pulled
down” through channel 1 command re-
sistor Ry via pin 2 of the open-collector
b.c.d.-to-decimal converter, thereby allow-
ing astable action to commence. The coder’s
first output pulse (taken from the collector
of Tr3) will be in the 1-2ms range with an
exact duration determined by the setting of
R;. The positive transition produced at
the collectors of Tr, and Tr, by the termina-
tion of this pulse clocks the counter into the
next state (0010) and after a 0.25ms delay
fixed by the CR time constant at the base of
Try, the second coder output pulse is
generated (the duration of which will this
time depend upon the setting of R,). All
the command resistors will be sampled

“*University of Bristol.

sequentially in this manner until a count of
0000 1s reached, when a 0.5ms sync pulse is
generated, thus ““labelling” the next output
pulse as a command function corresponding
to channel 1 (or 0001 again).

When displayed on an oscilloscope the
repeating train of nine 1-2ms varying-width
pulses, with equal 0.25ms spacing, has a
distinctive “‘concertina’ appearance (see
Fig. 2(a)), with each command function
being sampled approximately every 20ms.
(This coding is compatible with commercial
radio-control equipment should interfacing
become necessary.) In the event of a non-
b.c.d. number being held in the counter at

“switch on”, resistor R; will enable the
astable to free run at a low clock rate until
one of the b.c.d.-to-decimal converter out-
puts goes low, preventing the system from
locking up.

Fig. 1 shows channels 1-6 as fully pro-
portional and channels 7-9 as “go/no-go”
functions. This is only to illustrate the idea;
in practice any mix of commands can be
used, depending on the application.

Decoder

The decoder accepts the serial information
from the coder (via some form of data link)
and by detecting the sync. pulse, passes the

Try
ZTX501

Try
ZTX501

— -0 +5V (max)

1
220k 10k% 10k 10k%

output to
data link
10k%
v ) ’ e S o v vt v o
S . 8 Z e[S 4 3 =2 1 % aky
? (syne)
. Swe Swe Sw,

SN74145N
b.c.d-to-decimal

Fig. 1. Nine-channel coder.

SN7490N
decade counter

+5V
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nine individual commands to their respec-
tive servo amplifiers. It can be seen from
Figs. 2(b) and 3 that the operation of the
coder and decoder is in many ways similar
due to their both being effectively clocked
by opposite collectors of the same astable.
Both b.c.d.-to-decimal converter outputs
will therefore be almost identical (the
decoder output has a 0.25ms “‘offset’’) pro-
viding the counters are locked in step by the
sync. detector clearing them both simul-
taneously. A change in the value of V'R, for
example will result in a corresponding
change in the duration of the negative going
pulse fed to channel 3 servo amplifier via
pin 4 of the decoder’s b.c.d.-to-decimal
converter.

Detection of the synchronization pulse is
achieved by comparing the length of in-
verted input pulses with the output of a
0.6ms monostable reference. Fig. 4 shows
that as the minimum length of all command
pulses exceeds 0.6ms only the 0.5ms sync.

pulse presents the counter’s internal *‘clear™"

NAND gate with two high inputs simul-
taneously, thus clearing the counter to 0000
before the arrival of the next channel 1
command pulse. A similar combination of
reference monostable and gating could be
used after the decoder to detect the “‘go/
no-go”’ information pulses.

Data Link

If the data link between the output short-
circuit protection resistor R, (Fig. 1) and
the decoder’s input consists of more than a
simple cable link (optical coupling etc.) then
care must be taken not to subject the
decoder t.t.l. inputs to voltages outside the
decoder’s supply rail limits. Transistor 7r,
(Fig. 3) has therefore to serve the dual
purpose of logical inverter and voltage
clamp.

Data link bandwidth limitations present
no critical problems to decoder operation
for the following reasons:

(a) command pulse width information is
carried on positive transitions only;

(b) these transitions are reshaped before
clocking the counter by the sync. detector’s
Schmitt/monostable. Deterioration of the
incoming pulses will not, therefore, result
in reduced counter noise immunity, al-
though excessive ‘“‘pulse rounding” will
eventually lead to reduced servo resolution.

Compared with the widely used technique
of cascading discrete-component mono-
stables to produce ‘concertina” pulse
trains which are then decoded by some
form of shift register (s.c.r. etc.), the ap-
proach described in this article offers many
advantages. One advantage not already
stated is the ability to reduce the size or
power consumption of the decoder simply
by substituting the standard t.t.l. shown in
Fig. 3 with low power or flat pack versions
where appropriate.

Servo amplifier in t.t.1.

The system for driving six servo torque
units from the m.s.i. decoder is based on
torque units originally designed to provide
radio control models with a reliable method
of converting electrical commands into
proportional mechanical movement.

A typical unit costing five pounds would
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Fig. 2. Timing diagrams for (a) coder output, top, and (b) decoder output, bottom.

Fig. 3. Nine-channel decoder.

puise width commands to servo amplifiers
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contain within its matchbox-size case a low
voltage d.c. motor driving a reduction gear
train, the final shaft of which connects at
one end to a positional feedback potentio-
meter and at the other to mechanical output
coupling. Backlash on this shaft would be
less than 1° and stall torque approximately
150z/in. Unloaded full drive transit time
for 300° travel would be in the order of a
second. These basic characteristics are com-
patible with low-cost, light laboratory/
industrial servo applications.

The principle of pulse proportional servo
control is now well established, with the
most popular types of commercially avail-
able “‘amplifier” (for driving the motor in
the required direction to cancel errors
between command and feedback pulse
length) falling into the following two
categories:

(a) Discrete amplifiers using push-pull
motor drive that require a centre-tapped
supply. Apart from the high component
count (typically ten semiconductor devices
plus associated passive components) these
amplifiers can, in the event of power supply
voltage differences, have the added dis-
advantage of lopsided response.

{b) Integrated circuits, custom built for
radio control servo manufacturers (i.e. not
available directly from semiconductor
manufacturers) have the obvious size and
reliability advantage over discrete counter-
parts, plus in some cases a bridge motor
drive. They are, however, rather specialized
and not easily adapted to different motor
voltage, gear ratio and potentiometer re-
sistance combinations. Both fully assembled
amplifiers cost between five and six pounds.

The amplifier shown in Fig. 5 is based on
a t.t.l. pulse width comparator feeding a
discrete bridge motor drive circuit. This
combination offers a reduced component
count compared with totally discrete am-
plifiers and improved flexibility (with com-
parable complexity) compared with custom
i.c. amplifiers. A considerable cost saving
can also be achieved if the components for
all six channels are mounted on the same
card (see Fig. 6). Under these conditions
each t.t.l. servo amplifier will cost approxi-
mately £1. -

Circuit operation

The position of the torque units output shaft
determines the value of Ry which together
with C; and a 2kQ resistor, form the feed-
back monostable’s timing elements. De-
coded command pulses trigger the mono-
stable via an inverter and are compared
with the resultant @ and Q outputs. If the
position requested by the command pulse
differs from the output shaft’s present posi-
tion an error signal proportional to the
difference in pulse lengths will appear at the
output of either G, or G, open collector
NAND gate depending on whether the
feedback is longer or shorter in duration
than the command (see Fig. 7). Provided
that this error exceeds the drive amplifier’s
“turn-on pedestal”, one side of the bridge
will be turned on and the motor driven in
the required direction (assuming the ““sense”
of the feedback is correct) to reduce the
error below the turn-on level. When this is
accomplished neither side of the bridge
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Fig. 5. Servo amplifier using t.t.1.

conducts and negligible current is drawn
from the motor supply.

Expansion and deadband
considerations

After being time-division multiplexed by
the coder and decoder, an individual
1.25ms-2.25ms command will only appear
at the input of its allotted servo amplifier
approximately once every 20ms. In order
to sustain motor current between commands
it is therefore necessary to expand the pulse
length of any error produced by the com-
parator. As the value of the expansion com-
ponents Ry, Cp and Rp must be-equal for
symmetrical servo operation only one side
of the bridge will be referred to below.

The pulse expansion ratio N depends
on the charge and discharge time of Cj,
together with the turn-on pedestal and is

N ReZo 1
Z,+R; Ry
where Z,, is the drive amplifier input im-
pedance above the pedestal. In practice N
must be a compromise between servo res-
ponse time and “pile up” at the higher com-
mand repetition rates (i.e. all commands set
to minimum width).

Resistor R, defines the minimum error
pulse capable of charging Cg to the drive
amplifier’s turn on pedestal and thus cause
motor current to flow. An error below this
level is usually referred to as being within
the “‘deadband”. In the circuit of Fig. 5 the

d
1 | 6 sN7404N
Aq
command

* = motor commutating capacitor

width of the deadband ¢, is
CeRyp
I

The minimum usable deadband width is
limited by the motor and gear box inertia,
which may be sufficient to cause “hunting”
(oscillation about the requested position).
The deadband is often expressed as a per-
centage of command pulse modulation. For
the values given we have 7, approximately
equal to 50us with lms modulation; the
servo is therefore said to have a 5%, dead-
band.

Although the expansion and deadband
component values shown are not critical
and can be used with most commercial units
in a multi-channel system, some trade off
between response time and deadband may
be necessary to optimize the servo for a
particular application.

~

=

Complementary bridge

By using the complementary bridge con-
figuration shown in Fig. 5 a wide range of
motors can be driven (in either direction)

- from a single supply, and as any variation

in this supply can only result in symmetrical
changes in servo response time, the two

‘main disadvantages associated with push-

pull centre-tapped amplifiers has been
eliminated. With the values shown the
bridge is capable of saturation with motor
stall current of up to 300mA (typical
“motor run’ current is approximately
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input
> command

input

| I Q mono
C output
feedback
condition 1
D l I Q mono
output
i ‘ Q mono
E output
feedback |
condition 2
F l ’ Q mono
output

A+C = command
‘< tfeedback

BeF = command
> feedback

% = unexpanded

Fig. 7. Pulse-width comparator logic.

15mA). Small plastic-cased transistors are
quite adequate even at higher stall currents
due to the very efficient saturating nature of
the bridge. In order to accommodate motor
voltages in excess of the SN7410N 5-voit
limit, as SN7401AN must be used, which
has an open-collector rating of 15 volts. If
the torque unit is capable of operating from
the t.t.I. supply, decoupling between the
motor and logic must be included to avoid
instability.
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Remote control servo

An alternative design to that proposed in M. F. Bessant's article

on multichannel proportional control

by J. H. Cook

In a time-division multiplex system, the
command to an individual servo ampli-
fier has to be expanded so that the
motor current will be sustained in the
interval between commands, which in
this case is approximately 20
milliseconds.

In the original design® this expansion
is realised by charging C; during the
control pulse and maintenance of this
charge keeps the motor turning. In
practice, the charge leaks away after
about 5 milliseconds. This causes the
motor to turn slowly, since it is not
supplied with current for most of the
cycle time. Another disadvantage is
that, as the servo nears its end point the

pulse charging C. becomes narrower;

hence, there is less charge on C¢ and the
servo movement is even slower. In-
creasing the value of C; to 4.7 pF. causes
the servo to move faster but then the
dead space becomes impractically wide
and renders small, accurate movements
of the servo impossible.

New design

The present circuit completely separ-
ates the mechanisms which set the dead
space and which ensure that the motor
is driven hard even when it is near its
end point. It can be seen from the circuit
in Fig. 1 that it is developed from the
original and I, G4 and G, in Fig. 1 are
equivalent to I, G, and G, in the original.
G, and Ggq, G; and Gy, G,; and Gy,, G
and G,, form set-reset latches, while [
and G, I, and G;, I and G, give
negative-going pulses on a positive-go-
ing edge®. I; and G, are similar but the
pulse length is longer and variable. This
pair acts as a monostable which is used
to set the dead space time.

It is necessary for G5 and G to be
open-collector gates and one package
can be saved by also making Gy and G,
open-collector gates, providing them
with 1kQ resistors at their outputs.
These four gates are in an SN740IN
package. The rest of the gates are in

Fig 1. Circuit of improved servo design.

+ 5V motor
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Fig 2. Waveforms when servo is sta-
tionary.

SN7400N packages and the inverters
are an SN7404N.

Channel X is the channel currently
controlling the servo and channel X-1
is the previous channel. If X is the first
information channel, then X-1 is the
synchronizing pulse.

The functioning of the servo circuit
can best be followed by study of the
waveforms at the points marked in
lower case letters in Fig.l. These
waveforms are shown in Figs. 2, 3 and 4
for different states of the servo; b, g, h,
and i are shown longer than they
actually are for clarity.. Pulse b is
derived from a as explained above and
resets all the set-reset latches, while ¢ is
the control pulse for the servo.

Fig. 2 shows the waveforms when the
servo is stationary. For the motor to
turn there must be a negative going
pulse at either m or 1 to set one of the
latches Gy, Gj, or Gy;, Gy In the
conditions as in Fig. 2 neither of these
things happen. It is arranged that k
becomes logic 0 before d becomes logic
1. If both these are switched “simultan-
eously,” there is sufficient propagation
delay through the gates for a momen-
tary pulse to be present at m, enough to
set Gy;, Gj,. It is also arranged that d
reverts to logic 0 before k becomes logic
1, again to ensure no pulse at m. (The
same applies to e, j, i, G;; and G,.)
Hence both q and r remain at logic 1 and
the motor does not move.

Fig. 3 shows the waveforms when the
input pulse length at ¢ is shorter than
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Fig 3. Waveforms when input pulse
length at c is shorter than the output
pulse length from the monostable
SN7412IN.

the output pulse length from the
monostable SN74121IN. In this case, j
will revert to logic | before e becomes
logic 0. Therefore a negative-going
pulse will appear at 1. This will set the
Gi;, Gy, latch, which will cause nto go to
logic 1 and r to become logic 0. This will
turn on the motor, which will turn until
the conditions in Fig. 3 prevail, when
the motor will stop.

It can be seen that once the set-reset
latch is set it will remain set for nearly
the whole cycle time (20 milliseconds).
It does not matter how short the pulse
at 1 is, which means that the motor
speed is independent of the distance
from the end point.

Fig. 4 shows the waveforms when the
output pulse from the monostable
SN74121IN plus 1I,G, is shorter than the

control pulse at c. In this case the servo .

is driven in the opposite direction, in a
similar manner to that described above.

The dead space is adjusted by setting
the 220 ohm trimmer to as small a value
as possible compatible with the servo
not hunting.
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Fig 4. Waveforms when the output
pulse from the monstable SN7412IN
plus I,C, is shorter than the control
pulse at c.

(Announcements)

Repairing semiconductors

On page 52 of the November 1976 issue we
published a letter from a reader who had
found it possible to remove the protective
casings from some defective transistors and
effect repairs. We have since received a
number of letters pointing out that many
semiconductor devices contain poisonous
substances. The danger of beryllium oxide
poisoning particularly concerned readers. It
appears that semiconductor manufacturers
are aware of this and other dangers —
beryllium oxide is only one of many toxic
substances used in semiconductors. At least
one manufacturer, concerned about his
liabilities under the Health and Safety at
Work Act, wrote to his customers in October
to point out that the dangers from breakage
in use and disposal, though small, did exist
and were worthy of the customer’s attention.
The equipment maker is responsible for any
such danger and would normally be obliged
to label the product accordingly. In the case
of' semiconductor components, however,
there is usually no room for a label.

In view of all this we must strongly advise
against any tampering with the packaging of
transistors. We thank those who drew our
attention to the problem.






