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Remote control i.G.'s
data

A range of  remote cpntro l  i .c . 's  consis t ing of  one
transmit ter  (308-073) ,  an in f ra-red pre-ampl i f ier
(301-527 ) and f ive receivers, (303-826,308-089,309-
981, 309-997 and 305-2481 with individual charac-
ter is t ics to  su i t  many contro l  requi rements.
The system is  based on the t ransmiss ion of  coded
P.P .M.  (Pu lse  Pos i t i on  Modu la t ion )  s igna ls  over  a
wide var ie ty  of  t ransmiss ion media e.g.  sound,
u l t rasonics,  in f ra-red,  f ibre opt ics,  cable l inks.  Pro-
v is ion is  made for  carr ier  f requency generat ion
where requi red to su i t  the medium employed.
Processing of  the received P.P.M. s ignal  is  per-
formed by a d iscrete ampl i f ier  or  for  in f ra-red an i .c .
is  avai lab le.  The restored s ignal  is  passed to one,  or

a combinat ion,  of  the f ive receiver  i .c . 's  where an
error  checking system inspects the P.P.M. data
before activating the appropriate output. The out-
put  funct ions avai lab le inc lude para l le l  4-b i t  b inary,
in  e i ther  la tched or  momentary forms,  analogue
output  contro ls  and d iscrete outputs.
The abi l i ty  of  one t ransmit ter  to  contro l  a  combina-
t ion of dif ferent receivers enables this system to
satisfy the majori ty of remote control appl icat ions
inc luding sound systems,  l ight  d isp lays,  machine
control,  security devices etc.
Pr in ted c i rcu i t  boards to su i t  an in f ra-red l ink are
ava i I a ble @34-807 / 813 / 835/891 ).

Remote control transmitter RS490 (308-073)
The RS490 is a remote control transmitter i .c. which
produces a b inary coded pulse posi t ion modulated
(P.P.M.)  waveform. The code generated is  depen-
dent  on the operat ion of  any one s ingle pole swi tch
from a matrix of up to 32 switches and the device
wi l l  produce a corresponding number of  d i f ferent
P.P.M. codewords.
A feature of  the i .c .  is  i ts  abi l i ty  to  generate,  i f
requi red,  a carr ier  f requency over  the range 0 to
200kHz which may be subsequent ly  modulated by
the P.P.M. codeword,  thereby enabl ing modulated
carr iers  to  be d i rect ly  produced.  The P.P.M. rate can
also be adjusted over  a wide range to su i t  t ransduc-
er  response t imes.

Figure 1 RS490 Transmitter block diagram
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Absolute maximum ratings
Max.  supply  vo l tage 9.5V
Operat ing vol tage range,  V66 -7V to 9.5V
Max imum power  d iss ipa t ion 600mW
Operat ing temperature range -10 'C to *65"C
Storage temperature range-  -55 'C to + 125'C

Features
O Ul t rasonic  or  in f ra-red t ransmiss ion
O Direct  dr ive for  u l t rasonic  t ransducer
O Direct  dr ive of  v is ib le LED when us ing in f  ra- red
O Lower power consumpt ion
O Pulse posi t ion modulat ion g ives excel lent

immuni ty f rom noise and mul t ipath ref lect ions
O Switch resistance up to 5kO tolerated
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Electrical characteristics
Test conditions (unless otherwise stated) I Ta-u : 25"C Vcc I +7V to + 10.5V

Typical applications
RS 490 Transmitter (ultrasonicl
The internal structure of the RS490 remote control

i .c .  is  i l lust rated in  F igure 1 and Figure 2 shows the
complete circuit  of an ultrasonic transmitter.

Gharacteristic Pin
Value

Units ConditionsMin. Tvp. Max.

Operat inq supplv current .4 9 .5 1 6 mA V c c : 9 . 5 V
Standby supply current 4 1 0 p.A
Stabil ized voltaqe 1 7 4 . 1 4.9 V
Output current available f rom
stabil ized supply 1 7 1

I mA
0utput voltage swing 2 , 3 Vcc-1 V Unloaded
Output voltage 2 V

i: : I"ff | eear< varue < 1msOutput voltage 3 .l

I V
External switch resistance 5-1 5 5 ko
External carrier resistor R., 1 B 20 40 80 ko C2 : 680pF fc : 40kHz
t1 deviation from calculated value
using fixed timing components 2,3 t 1 0 % tr :  0.95 CzRz
PPM resistor 1 6 1 5 30 60 o
Variation of t1 and te with V66
t1 with Vcc : 7vltr with
Vcc :  10.5V 2.3 + 4 %
te with Vcc : 7Vlfu with
Vcc :  10.5V 2,3 +4 %
Ratio te/t1 2,3 1 . 4 1 . 6
Pulse width t6 2,3 0 . 1 1 + t r 0 .22+tz
Interword gap 2,3 3 The interword gap is 3 times t1

derived by counting

Figure 2 Ultrasonic transmitter
circuit
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Thirty-two momentary switches are used to prog-
ramme the t ransmit ter  in to producing a pulse
posi t ion coded s ignal .  The components R1 and C1
define the carr ier frequency according to Eqt. 1.

r :  t  ^ , . .Eqt . t  l i l l  ^^ .0^=1: rookHzcrRr t-{1 trt  sz 
2oko<R1<goko

The components employed in Figure 2 al low
adjustment of the carrier frequency about 4OkHz
which is the approximate resonant frequency of the
RS ultrasonic transducer 307-351.
R2 and C2 select the modulat ion rate according to
E q t . 2 .

to - 1 .4c2R2sec . . . Eqt. 2
to : t ime for '0'  interval (see later)

R2 in C) 15kO<R2<10OkO
C 2 i n F

1 bit/sec s te rote < 10kbit/sec
The capacitor C3 is a decoupling capacitor for the

2

internal voltage used to provide a constant voltage
for the two CR networks. The regulator voltage on
pin 17 is not establ ished unti l  a codeword switch
has been closed.
The RS 490 is capable of driving the RS ultrasonic
transmitter direct ly from pins 2 and 3 providing an
effect ive range of :8m. An increase in range up to
-  10m is  possib le by employ ing act ive pul l  ups 01
and 02 shown with dotted connections in Figure 2.

To indicate transmitter operation the voltage
appearing on pin 17 at switch closure can be used
to drive an NPN transistor feeding an L.E.D. and
this modif icat ion is shown with dashed connec-
t ions in  F igure 2.
Because the standby current of the RS490 is very
low (-6pA) r ising to about 8mA when transmitt ing,
the power requirements can be satisfied by a PP3
battery. Using the L.E.D. indicator modif icat ion
shown the operating current wi l l  be approximately
20mA.



Figure 3 Infra-red
transmitter
circuit
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RS 490 Transmitter (infra-red)

Operating a remote control system on an infra-red
l ink offers some advantages over the previously
discussed ultrasonic mode. The important gains
are less mult ipath interference, lower spurious
radiat ion,  a h igher  modulat ion rate capabi l i ty  and
more robust transducers. Figure 3 shows the
complete circuit  of an infra-red transmitter.
The modulat ion rate formula by Eqt.2 is appl icable
to the infra-red transmitter circuit .  A visual indica-

The posit ive pulses appearing on pin 3 are ampli-
f ied by Or, Oz and 03 to provide high current pulses
to supply 3 RS infra-red sources, 308-512.
All  wir ing to the transmitters should be short with
th ick conductors and the 47Ap.F e lect ro ly t ic
mounted close to minimise lead inductance.
A suitable p.c.b. (434-807) is available (see current
RS catalogue for detai ls).

RS 490 Output and coding
Figure 4a shows the output voltage waveforms
from pins 2 and 3 with respect to 0V. A carrier wave
is shown as it depicts a typical output for the
ultrasonic system. The carrier wave frequency is
shown lower than normal for clari ty. The RS 490
transmits a codeword as a group of 6 carr ier or d.c.
pulses (depending on the system being used)
continuously for as long as a programme switch is
operated. The minimum switch closing t ime is 6ms
and the transmitter wi l l  transmit unti l  the end of a
codeword even if the switch is released during a
word. On completion of the word thb device reverts
to standby mode. Each of the five intervals be-
tween the start of these pulses may take up 2
possible values, a short interval corresponding to a'1'  or a long interval corresponding to a '0' .  Figure
4b shows the t iming relat ionship between the
carrier pulses '1'  and '0' .  At the end of each word a
synchronising interval 'S' is generated to define a

3s60

t ion of transmitter operation can be provided by
employ ing the unused output  on p in 2 to  dr ive an
L.E.D. via a pul l  up resistor as shown in Figure 3.
The programming of the infra-red transmitter is
identical to the ultrasonic system in employing 32
S.P.S.T. switches to produce a pulse posit ion coded
signal. No carr ier frequency is required by the
infra-red transducers hence C1 is omitted and a
2.2kQ resistor substi tuted for R1.

codeword ending. The transmitter maintains a
f ixed relat ionship between the '1' ,  '0 '  and 'S'

in tervals  of  2 :3:6.  A lso the width of  the carr ier
pulse is  approx imate ly  1/6th of  a ' f  in terval  or
1/3:2 on the above rat io  scale.  From the possib le
combinations of the 5 bit  codeword up to 2s or 32
different words can be generated.
A carr ier burst of 3ms duration is shown in Figure
4b as an example of  the t iming re lat ionships.

Figure 4a P.P.M. output showing ultrasonic
carrier frequency

Figure 4b Ultrasonic transmitter output
(for a'1'period of 18ms)
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Infra-red pre-amplifier RS 486 (3Ot -5271
A high gain pre-ampl i f ier  designed to form an
interface between an infra-red receiving diode
(308-506) and the digital input of remote control
receiving circuits. This i .c. features a fast act ing
A.G.C. circuit  which together with the dif ferential
inputs reduce noise pick-up and hence improve
performance in noisy environments. An on-chip
gyrator circuit  al lows operation with high bright-
ness background l ight levels. The device contains
two other circuit  elements, one to provide a stretch-
ed output pulse faci l i ty and a voltage regulator to
a l low operat ion f rom a wide range of  suppl ies.
16-p in d. i . l .  p last ic  package.
A suitable p.c.b. (434-891) is avai lable (see current
RS cata logue for  deta i ls) .

Absolute maximum ratings
Supply voltage (V Pins 4 andTl

+  10V wr t  V  P ins  13  and  14
Regulator input voltage (V Pin 12l,- �-2OV wrt Pin 7
Output current
Stretch output current

Features
Fast acting AGC reduces effects of noise
Differential inputs reduce noise pick-up and im-
prove stability

a Output pulse stretcher for use with microp-
rocessor decoders
On chip s tabi l iser
Low noise input

o
o

o
o

5mA
5mA

Operating temperature range- 0"C to +70'C
Storage temperature -55'Cto +125'C

Electrica I cha racteristics
Test conditions (unless otherwise stated): T"-u : 25"C, Vcc : 4.5V to 7.0V

DIODE CATHODE

GYRATOR C2

GYRATOR C1

INPUTVgg

2ND STAGE DECOUPLE

4TH STAGE DECOUPLE

OUTPUTVgg

AGC DECOUPLE

DIODE ANODE

lST STAGE DECOUPLE

INPUT GROUND

OUTPUT GROUND

REGULATOR INPUT

STRETCH OUTPUT

STRETCH INPUT

OUTPUT

Figure 5 Block diagram
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Gharacteristic Pin
Value

Unit Conditions
Min. Tvp. Max.

Supply current 4,7
4

6.0
5 . 0  + 3  l D

1 0 . 0 mA
mA

Vcc : 5.0V, lotooE : 1'0g,A
Vcc :  4.5V, lotooe :  1.5mA

Low voltage
supply (external)

4,7(+ve),
13, 14(-ve)

4 .5 9.0 V Input and output V6s commoned
input and output ground commoned

High voltage
supply (external)

4,7(+ve),
12(-ve)

9.0 1 8 . 0 V lnput and output V6s commoned, input
and output ground at internal
regulated voltage

Internal regulated
voltage

13(wrt  7) -6.4 V V Pin 7 (+) to V Pin 12(-l : + 16V

Voltage between input
and output Vcc

4,7 1 . 5 V At room temperature

Minimum sensi t iv i ty
of differential input

1 . 1 6 5.0 nA For 4V output pulse, lorooe : 1 .0p.A

Common mode reiection 1 . 1 6 35.0 dB

Maximum signal  input 1 . 1 6 4.0 mA(peak)

AGC range 68.0 d B

Output and stretch
output pull-up
resistance (internal)

9 , 1 1 55.0 ko At 25"C
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Characteristic Pin
Value

Unit ConditionsMin. Tvp. Max.

Stretch output pulse width
(T")T coefficient on Rx

1 1 2.4
o.7

M S

%fc
Capaci tance Pin 9 to Pin 10 :  10nF;

1 5
To--Rx C ln "v

Vcc
where Rx: 200kO+25o/o (internal
resistance)

Output low I Output
ground
+0.5

V Output open circuit

Output high 9 Output
Vcc
-0.5

V Output open circuit

Stretch output low 1 1 Output
ground
+0.5

V Output open circuit

Stretch output high 1 1 Output
Vcc
-0.5

V Output open circuit

Sink current
stretch output

11 1 . 8 mA Low state

Supply rejection,
inilut Vs6

4 1 . 5
0 .8

V(peak)
V(peak)

Ripple ampl i tude at  100 Hz, Pin 1 2 ground
Ripple ampl i tude at  1 00 Hz, Pins 1 3 & 14
ground

Application notes (see Figure 6l
Diode anode and cathode (pins 1 and 161 The
infra-red receiving diode is connected between
pins 1 and 16. The input circuit  is configured so as
to reject signals common to both pins. This im-
proves the stability of the device, and greatly
reduces the sensitivity to radiated electrical noise.
The diode is reverse biased by a nominal 0.65V.
Gyrator G2 and Cl (pins 2 and 3) The decoupling,
provided by gyrator C2 and Cl, rol ls off  the gain of
the feedback loop which balances the d.c. compo-
nent of the infra-red diode current. The values of C2
and C1 are chosen to produce a low frequency
cut-off characteristic below a nominal2kHz. Hence,
the gyrator produces approximately 20dB rejection
at  100H2.
The gyrator consists of two feedback loops operat-
ing in tandem. Only one feedback path is functional
when the d.c. component of the diode current is
less than 200p,4. This loop is decoupled by gyrator
C2. For diode currents between 20Op"A and 1.SmA
the second control loop is operative, and this is
decoupled by gyrator C1.
The decoupling capacitors, gyrator C2 and Cl,
must be connected between pins 2 and 3, to pin 4.
The series impedance of C2 and Cl should be kept
to  a  m in imum.
First stage decouple (pin 151 The capacitor on pin
15 decouples the signal from the non-invert ing
input of the first difference amplifier (see also
Figure 5). The capacitance of 15nF is chosen to
produce a 2kHz low frequency roll-off.
The capacitor must be connected between pins 15
and 14 ( the input  ground) .
Second stage decouple (pin 5) The capacitor on
pin 5 decouples the signal from the non-invert ing
input of the second dif ference ampli f ier. The
capacitance of 33nF is chosen to produce a ZkHz
low frequency roll-off. T.he capacitor must be
connected between pins 5 and 4 (the input Vcc).
Fourth stage decouple (pin 6l The capacitor on
pin 6 decouples the signal from the non-invert ing

input of the fourth dif ference ampli f ier. The capaci-
tance of 4.7nF is chosen to produce a 2kHz low
frequency roll-off. The capacitor must be con-
nected between pins 6 and 7 (the output Vs6).'
A.G.C. decouple/delay adjust (pin 8l The output of
the fourth dif ference ampli f ier is fol lowed by a peak
detector, which is used to provide an A.G.C. control
fevel. This produces a current source which is
l imited to 10mA at pin 8. The A.G.C, decouple
capacitor (C5 normally 150nF) f i l ters the pulsed
input, and the resultant level controls the gain of
the first three difference amplifiers.
The A.G.C. control level exhibits a fast attack/slow
decay characterist ic. lmmediately infra-red pulses
are detected, the gain wil l  be reduced, so that ahy
weaker noise pulses that are also received wil l  not
be seen at the output. Thus, provided the infra-red
pulses are the most intense, it is possible to receive
data in noisy environments. The slow decay keeps
the A.G.C. level intact during data reception, and
produces a delay before any received noise may
become present at the output, when transmission
ceases.
Output (pin 9l The output wi l l  be low, pulsing
high with a source impedance of a nominal 55kO,
for a received infra-red pulse. l t  is a l inear ampli-
fication of the input and swings between output
ground and output V6s.
Stretch input and stretch output (pins 10 and
11) A typical infra-red P.P.M. system transmits
very narrow pulses. The duration of these pulses is
typically 15pr.s, so in order to utilise a micro-
processor based decoder system it is necessary to
lengthen the received pulse. This stretched output
can be obtained from pin 11 when a capacitor is
connected between pins 9 and 10.
The width of the pulse is determined by the value
of this coupling capacitor (C8 in Figure 7) and is
given by:

1 . 5Tp : -Rx Cs In
(V+ -Vrs)
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where Tp : pulse width in ms

Rx : 200kO (see electrical characteristics)
Cs - coupling capacitance

and (V+ -Vrs) - potential between input V6s and
ground (p ins 4 and 13)

The stretch output is normally high pulsing low for
a received infra-red pulse, and swings between
output Vss and output ground.
Regulator input (pin 121 The device can be oper-
ated with supplies of between 4.5V and 9.0V
connected between input/output ground (pins 14
and 13)  and input  and output  Vss (p ins 4 and 7)  as
shown in Figure 6.
The device can be operated with supplies in excess
of 9.0V by ut i l is ing the on-chip regulator. In this
case connections are made. between output V66
(p in 7)  and the regulator  input  (p in 12)  as s f rown in
Figure 5. A supply voltage of between 9.0V and 18V
wil l  then cause the output ground to be regulated
at a level nominal ly 6.4V below the output Vss (pin
71.
The regulator will, however, lose control with a
potential dif ference of less than 9.0V. Below this
level  the vol tage on p in 13 wi l l  t rack nominal ly  1.5V
below the output Vss (pin 12).
When the regulator is not used ( low voltage
operation), pin 12 must be shorted to output
ground (p in 13) .

Operational notes (see Figures 6 and 7)
Gyrator Cl (pin 3) l f  the environment in which the
device is operating, l imits the background l ight
such that the d.c. component of the diode current
has a maximum of 20Op.A, it may be desirable to
omit (see Figure 6) the more bu.lky and costly 68pF
capacitor, gyrator C1 shown in Figure 7. In this case
pin 3 can be left  open circuit .  The resultant
application wil l  then have a characterist ic of greatly
reduced gain when the ambient l ight causes the
d.c. current to r ise above this threshold.
The 689,F capacitor can alternatively be replaced by
a resistor. The outcome of this is to further reduce
the gain in ambient l ight levels above the 200pA

threshold. Below this threshold the overal l  gain is
sl ightly enhanced as the l ight level approaches the
threshold value. l f  chosen this resistance should l ie
between 1OkO and 200kO.
Noise immunity The stretch output can also be
used as a means of improving performance relat-
ing to a receiver system, over and above its main
purpose of providing a stretched output facility.
Inc luding 'CA (Figure 7)  causes the output  pulses
(from pin 9) to be subjected to the stretch input
threshold. Thus any noise pulses from pin 9 that
are below this threshold wil l  not be seen at the
stretch output  (p in 11) .
A further improvement can be made, ut i l is ing this
stretch input threshold by including some addit ion-
al f i l ter ing of the output (C10 in Figure 7). This can
be adjusted in value (typical ly 100pF) to reduce
some of the noise pulses that otherwise cross the
threshold, to a level below the threshold.
It must be noted that the stretch output logic sense
is invdrse (for microprocessor appl icat ions) from
that of the output (pin 9), and the cost of re-
inversion may be deemed uneconomical for the
improvements gained.
Screening Use of screening'for the device, and
associated components, improves the perform-
ance and immunity to external ly radiated noise.
The screening method used must protect the
sensitive front-end of the device; provided that the
diode, pin 1, pin 16, C2 (pin 2) and the f irst stage
decouple (pin 15) are screened, i t  may be found
that for the application considered, the remaining
circuitry need not be so protected.
In appl icat ions where external ly radiated noise is
minimal, i t  may be possible to reduce any screen-
ing to pins 1 and 16, and the diode connections,
only. ln some instances, no screening may be
necessary, but this largely depends on the level of
radiated noise, the decoupling/f i l ter ing employed
and the receivers decoding technique.
Decoupling Typical decoupling arrangements for
use with or without the regulator, are given in
Figures 6 and 7 respectively. When using the

Figure 6 Circuit diagram of minimum
component application (showing low
voltage operationl
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Figure 7 RS 486 application diagram showing all
optional circuitry
(Note: Supply decoupling and
connections for use of voltage
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regulator, further improvements in high frequency
supply reject ion are possible by the inclusion of R2.
The value can be chosen so as to keep the pin 12
end of R2 within the -9.0 to -18V (w.r.t .  pin 7)
specif ied voltage range. For example i f  using the
920 series remote control receivers, on a supply of

Figure 8 Application diagram for use with RS920 86rie3 remote control receiverc, utilising on-chip supply
stabi + 1 6 V
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16V, a typical value for R2 would be 200O.
Note that the regulator is a low innpedance point
between pins 12 and 13. C7 thus maintains a low
impedance path between pins 4 and 12 at high
frequencies.

Remote control receivers : introduction
All of the f ive remote control receiver i .c. 's have
similar signal reception and decoding circuits. The
receiver dif ferences are fundamental ly confined to
the number of P.P.M. codewords to which each
responds and the dif ferent output functions avai l-
ab le.
A general discussion of the circuit  operation com-
mon to al l  receivers is given below and each
receiver's capabilities are covered later.

Receiver oscillator
After processing by the receiver amplifier the pro-
cessed P.P.M. signal is transferred to the P.P.M.
input of the remote control receiver i .c.
An internal osci l lator uses the external components
Rr Rz and C1 (see Figures 11 and 13)  to  generate a
frequency in accordance with Eqt. 3.

1 _rosc -
0 . 1 5  C r R r

C r i n F

H z . Eqt .3

25kO<Rl<200kO Ra is the total resistance
of R1 and R2 in,f)

The set frequency of this osci l lator is dependent on
the received P.P.M. rate from the RS490 transmit-
ter. The importance of this sett ing is apparent when
the internal operation of the receiver is considered.

Internal operation
Whenever a P.P.M. pulse is received by the receiver
an internal counter is reset. This counter defines
timing windows for the fol lowing pulses as shown
in F igure 9.
After receipt of the first P.P.M. pulse the counter is
reset and disabled lor 2O periods of the internal
osci l lator frequency. This is to reduce the possibi l-
ity of pulse echoes from multipath reflections be-
tween the transmitter and receiver upsetting the
correct transmission. lf a pulse is received after the
counter reaches 20 periods the internal logic ex-
amines the spacing or t ime interval between the
receipt of the f irst pulse and the second and de-

pending on th is  in terval  ass igns the value '0 '  or '1 '
to the pulse spacing. This second pulse again
resets the counter and disables i t  for 20 periods
before repeating the above process with the r.ext
pulse. In this way the receiver reconstructs the
transmitted P.P.M. code, the receipt of an 'S' inter-
val defining the end of the codeword. On receipt of
'S' the receiver veri f ies that 6 pulses have been
received before accepting the code.
The receiver  s tores th is  code whi le  receiv ing
another set of P.P.M. pulses. At the end of the
second codeword a comparison is made; i f  the
codewords are the same the data is accepted and
passed on to a decoder to produce the output
function defined by the code; if they are different
the first codeword is rejected and the second code
used as a reference for comparison with the next
code received and no change in an output function
occurs. This sequential codeword comparison cou-
pled with P.P.M. and t ime window checking pro-
vides the system with a high degree of noise
immunity against producing an incorrect output.
As can be seen from Figure 9 for correct interpreta-
t ion of the transmitted code each pulse interval for
a '0 '  or  '1 '  must  l ie  wi th in the t iming windows
defined. This is achieved by sett ing the 'on chip'
osci l lator so that 40 periods at the osci l lator t ime
constant pin are equal to a '0' interval received at
the P.P.M. input. This places a '0'  interval at approx-

Figure 9 P.P.M. Demodulator timing
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imately the centre of the '0'  t ime window hence
providing some al lowance for osci l lator dri f t  both
in the transmitter and receiver.
P.P.M. rate selection
The minimum time taken for any receiver to re-
spond to a transmitter command is twice the t ime
to transmit the appropriate codeword, because of
the error  checking log ic .  This  delay is  dependent  on
the P.P.M. rate chosen at  the t ransmit ter  and in  the
example shown in F igure 4b the receiver  wi l l  re-
spond to the code 10011 in  a min imum t ime of  324
mi l l iseconds.  For  the d iscrete outputs th is  delay is
usually of l i t t le signif icance, however, for each step
of an analogue output two codewords have to be
rece ived .  Tak ing  the  'ana logue  1+ '  command
10100 and us ing the P.P.M. rate shown in  F igure 4b
one  word  i s  171ms long .  Themin imum t ime fo r  the
receiver to respond is 342ms. To complete al l  the
32 steps of  'analogue 1- 'would take approx imate ly
11 secs. Hence the P.P.M. rate at the transmitter
end of  the u l t rasonic  l ink should be chosen to
prov ide the desi red fu l l  range analogue output
sweep t ime.
Using the RS ul t rasonic  t ransducers the P.P.M. rate
is l imited by the r ise t ime of the transmitter (tr  :
2  ms) .
The recommended P.P.M. rate is 37 bit /sec corres-
ponding to a te t ime of 27ms as shown in Figu re 4b.
This rate can be increased to approximately 74bit/
sec, by using a te t ime of 13ms, with some loss of
range caused by the t ransducer  r ise t ime l imi tat ion.
The spread in the characterist ics of the transducers
may increase or  reduce th is  f igure.
The infra-red system can be operated up to the
maximum P.P.M. rate of  the t ransmit ter  i .e .  10kbi t /
sec.
Each receiver i .c. responds to a specif ic set of
codewords from the RS490 transmitter. A descrip-
t ion of each receiver type fol lows.

Electrica I ch a racteristics
Tamo : 25"C, Voo : 0V, Vss : * 16V

Remote control receiver RS 922 (308'089)
The RS 922is the remote control receiver i .c. for use
with the R5490 transmitter.
The P.P.M. codewords transmitted by the 490 are
interpreted by the 922 receiver and double checked
for t iming or codeword errors before being trans-
lated into part icular control functions. These func-
t ions include latched 4-bit  B.C.D. outputs (permit-
t ing up to 10 swi tched outputs) ,3 indepedent  s tat ic
D/A converters to provide 32 steps of analogue
contro l  and 3 other  d ig i ta l  contro l  outputs.  A l l
d ig i ta l  outputs are C-MOS compat ib le.

Absolute maximum ratings (Voo - 0V)
Supply vci l tage Vsg
Voltage at any input
Maximum power dissipation 600mW
Operating temperature range- -10'C to +65'C
Storage temperature range--55'C to +125'C

+0.3V to -25V
+0.3V to -25V

Figure 10 RS922 Receiver block diagram

ON/STANDEY O,P

TOGGLE O/P

ANALOGU€ 2 O/P

ANALOGUE 3 O'P

ANALOGUE 1 O/P

D/A
REFER€NCE

Gharacteristic Pin

Value

GonditionsMin. Tvp. Max. Units

Operating voltage 4 -14 - 1 8 V

Supply current 3 I 1 4 mA

Input logic level '0'

' 1 ' �
5 1 5

0

1 6

3.5

V

V

Output logic level '0'

' 1 ' �
8 ,  9 ,  1 2 , 1 5 , 1 7 1 5

Voo

1 6

0.5

V

V

SOk to Vpp

50k to Vee

Analogue outputs
current range 2 , 1 6 , 1 8 0

3 1
I lref 3k9 to Vep

Analogue dtep size 2 , 1 6 , 1 8 0 1t8 1 t 4 lret Vout<(Vss-S)V

D/A reference, 1.."1 1 -250 -345 -455 p.A 33k to Vee

Osci l lator t iming 6 1 . 6 kHz C : 8 2 n ,  R :  5 0 k

Power clear time
constant 1 0 400 M S C : 4 p , 7 R : 1 0 0 k

Step time constant 1 1 2 S C  : 4 7 0 n  R  : 3 M 3

PPM input logic level
high 7 1 5 1 6 V

PPM input logic level
low 7 0 1 0 V

PPM input pulse width 7 1 22T95s ,,S
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Features
O Accepts 5 bit  P.P.M.
O Al l  t iming f rom on-chip osc i l la tor
O Suitable for ultrasonic or infra-red systems
O Upto 10 programmeswi th la tched b inary

outputs
O Incorporates error protection
O Negative logic

This receiver accepts 21 of the transmitted code-
words. The command set and output functions for
each pin are given in Tables 1 and 2 respectively.
The RS 922 receiver featur-es a parallel 4-bit latched
binary output  wi th  10 output  codes,  3 independent
analogue outputs and 3 other  d ig i ta l  outputs.

Table 1 Basic 21 command set for RS 922 receiver

N.B. LOGIC CONVENTION RS922
Logic 'O' - output trEnsistor ON Logic '1' - output transistor OFF
- pulls output to Ves i.e. : NEGATIVE LOGIC

The'lnit ial '  condit ion
This describes the state of the outputs of the RS 922
receiver every t ime power is appl ied and no P.P.M.
data has been received.
Prog ramme O /P ' s -ABCD No te :  Log i c ' 0 ' i s  -  +14 to  +15V

0000 Logic ' f  is  0  to  +0.5V
Analogue O/P's - Al l  at 12/81,"r measured w.r.t .  Vpp (0V)
On/StandbV OlP - Logic 0
Pulse O/P - Logic 0
Toggle O/P - Logic 1

The'Normalised' condit ion
R e c e p t i o n  o f  t h e  ' N o r m a l i s e '  c o m m a n d  1 1 0 1 1
affects the fol lowing outputs only:
Analogue O/P's - Taken to 12/81,"s
Toggle O/P - Taken to 1 or 0 (see Table 2)

Table 2 Pin functions of RS922

D/A REFERENCE LOGUE 3 O/P

ANALOGUE 1 o/P

Voo

V""

STEP I/P

OSC. TIME CONSTANT

2 olP

PROGRAMME
o/P

P.P.M

ON/STANDBY TIME CONSTANT

PULSE O/P POWER CLEAR TIME CONSTANT

RS922

Pin
No. Name Function

1 DlA
Reference

A current drain l ."1set by a single external
resistor which f ixes the nominal step of the
analogue O/P's to 1..1/8.

2,
1 6 ,
1 8

Analogue
o/P's
1 , 2 , 3

These 3 outputs are from three stat ic 5 bit
current mirror converters. They are
referenced to the current drawn from pin 1,
l ,s1 ahd provide 32 steps, l ."y/8 from 0 to 31/8
l ret

The ' in i t ia l '  and normal ised '  condi t ion is  12/8
l r.t'

5 Step l /P Connecting this pin to Voo causes the
programme outputs to step up by 1. The
time period between steps is defined by the
RC network connected to pin 11. The
programme output wi l l  continue to step for
as long as Step l /P is  he ld  a t  Voo,  cont inua l ly
cyc l ing.

6 Osc, t ime An RC t ime constant connected to this pin
defines the internal osci l lator frequency. This
frequency controls the t iming windows for
the incoming P.P.M.  pu lses f rom the RS490
transmitter.

7 P .P .M .  I /P The output of the receiver ampli f ier provides
posit ive P.P.M. pulses which supply the data
input  to  th is  p in .  Wi th  no s ignal  th is  l /P is
held low.

8 On/Standbl
olP

An open dra in  O/P wi th  an in i t ia l  condi t ion o f
log ic  0 .  Th is  output  remains a t  th is  leve l  unt i l
a programme codeword or programme step
is received whereupon i t  changes to a logic
1. The 'standby' codeword 1 1000 returns the
output  to  log ic  0  unt i l  a  programme change
is  commanded.
No other codes affect this output.

9 Pulse O/P This  is  an open dra in  O/P wi th  an in i t ia l
condi t ion o f  log ic  0 .  A log ic  1  pu lse is
produced on receipt of a programme
codeword or programme step command.
The width of the 1 pulse is equal to the
per iod ic  t ime of  the in terna l  osc i l la tor  which
can be moni tored on p in  6 .  Th is  pu lse is
repeated as long as the programme
codeword or programme step command is
activated. The repeti t ion period is equalto
the t ime taken to transmit the appropriate
programme codeword or step command.

1 0 Power Clear
T ime
Constant

A single RC network connected to this pin
defines the t ime delay before the ' ini t ial '

condi t ions are estab l ished,  nominal ly  set  to
2 sec. by the components indicated in Figure
4.

11 Step Time
Constant

An RC network connected to this pin defines
the t ime period between increments of the
channel  number  when the programme step
codewords are transm itted.

12,
13,
14 ,
1 5

Programme
o/P's

These are latched 4 bit  binary outputs which
respond to the programme transmitter
codes and the programme codes. When
power is f i rst appl ied to the receiver
programme 1 is establ ished ie. ABCD
outputs are al l  at logic 0 corresponding to
p rog ramme 1 .

1 7 Toggle O/P Th i s  p i n  has  an ' i n i t i a l ' cond i t i on  o f  l og i c  1
and the on ly  changes to  log ic  0  when
Analogue 2OlP is  a t  the zero leve l .
Transmission of the ' toggle' command
1 1001 changes this output to 0 or 1 for each
separate transmission of toggle, provided
Analogue 2 OlP is not at the zero level.

Transmitter code Function Programme O/P's
D C B A

EDCBA
0000x
0001x
0010x
001 1x
0100x
0 1 0 1 x
01 10x
0 1 1 1 X
1000x
1 0 0 1 x
1 0 1 0 0
1 0 1 0 1
1 0 1  1 0
1 0 1 1 1
1 1000
1 1001

1 1 0 1  1
1 1 1 0 0
1 1 1 0 1
1 1 1 1 0
1 1 1 1 1

Programme 1
Programme 2
Programme 3
Programme 4
Programme 5
Programme 6'Programme 7
Programme 8
Programme 9

Programme 10
Ana logue 1  +

Programme Step +
Ana logue 2  +
Ana logue 3  +

Standby
Toggle O/P

(Analogue 2)
Normal ise

Ana logue 1  -
Programme Step -

Ana logue 2  -
Ana logue 3  -

0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1

x : Don't care
d ig i t

i . e . 0 0 1  1 0  a n d
0 0 1 1 1  b o t h

proouce
programme 4
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Figure 1 1 RS922 Receiver circuit

P.P.M. outpul
lrom Ultrasonic/
In l ra-Red
Receiver
Ampl i f ier

o/A

EP PULS€

RS92Z Analogue O/P's
Analogue 1, 2, 3 '+'  transmitter codes cause the
respective analogue outputs to step up for as long
as the transmitter code is being received unti l  the
maximum value of lrss is reached at which point
continued receipt of the analogue '+'  codes have
no effect. Similarly the analogue '- '  transmitter
codes cause the respective output to step down
unti l  l1s1 reaches zero where i t  remains even under
fu rther transm itter com ma nd.
The step for the analogue outputs is typical ly 1/8
lpss ahd the analogue output current range is 0 to
3118 1'."1 hence 32 discrete levels (typically 0 to
1.3mA) are possible from each analogue output.
The analogue outputs are current sources and
should normally feed 3.9kO sink resistors con-
nected to the Vpp and 0V rail. Greatest linearity is
obtained if the current sink resistors do not exceed
3.9kO giving a 0 to 5V D/A output control range.
However a 0 to 10V range may be obtained with
higher resistor values i f  some reduction in l inearity
of step size can be tolerated. The simplest form of
local adjustment of analogue control levels is to
make the current sink resistors variable. An ana-
logue output interface circuit  is shown below which
increases the analogue O/P current and voltage
capabil i ty without loss of l inearity.
A suitable p.c.b. (434-813) is avai lable.

Figure 12 Analogue output interface

Remote control receivers RS 928 and 929
(309-997 and 305-2481
The RS928 and RS929 are general purpose remote
control receiver i .c. 's which function in a similar
way to the RS922 device. They each respond to 16
of the possible 32 p.p.m. codewords transmitted by
the 490 transmitter i .c. to provide 16 latched, 4-bit
binary outputs.
Each i .c. responds exclusively to only 16 of the 32
codewords, the 928 accepting 00000 to 01111 and
929 accepting 10000 to 1 1 1 1 1.
8-p in d. i . l .  p last ic  package.

Absolute maximum ratings
Vss supply and inputs w.r.t .  VDD --0.3V to +25V
Storage temperature -55'C to + 125"C
Operating temperature ambient --10"C to +65"C

Figure 13 RS928 and 929 block diagram

A D

Features
O Accepts 5 bit  P.P.M.
O On chip osc i l la tor
O Four high drive outputs
O 16latched stages
O Negative logic

1 0



Electrica I cha racteristics
Test condit ions (unless otherwise stated):

Vss : 0V
Voo : -16V
T"-u:  *25oC

3560

Absolute maximum ratings
Vss supply and inputs w.r.t .  Voo- +0.3V to -25V
Storage temperature -55"Cto +125"C
Operating temperature ambient - -10'C to +65'C

Features
O Accepts 5 bit  P.P.M.
O Four outputs indicate in binary the code current-

ly being received, and are switched off when no
val id code is detected

O On chip osc i l la tor
O High power, free drain, output buffers
O Posit ive logic

Note 1: Rosc (pin 2) is 56k-156k O. fosc - + +20o/o.
0 .1sCR

Remote control receivers RS926 and 927
(309-981 and 303-826)
The RS926 and RS927 are remote control receiver
i .c . 's  which each respond to 15 of  the 32p.p.m.
codewords from the 490 transmitter to provide 15
unlatched,4-bit  binary outputs. The outputs remain
in an activated state for as long as a val id code is
being received and are switched off when no val id
code is detected. Codeword response: 00001 to
0 1 1 1 1 ( 9 2 6 ) ,  1 0 0 0 1  t o 1 1 1 1 1  ( 9 2 7 1 .
8-pin d. i . l .  plast ic package.

Gharacteristic Pin
Value

Unit GonditionsMin. Tvp. Max.

Current Consumption Vpp
Supply voltage

1
1

3
-12

4 5
- 1 8

mA
V

PPM input
Log ic '0 ' leve l
Log ic '1 '  leve l

Input pulse width

3
-1
Voo

1

0
-6

22Tosc

V
V

l.rs

1
I-r

I  osc -  +^^^' ( J S L

Oscillator timing
Frequency

Variation w.r.t. Vee

2
1 5

3k

1

1 50k Hz
Hz

o/oN

TypicalTC'.  22nF to Vss,
100kO to Vpe

Latched binary output
Logic '0' output voltage

Output leakage in logic
' 1 ' s t a t e

5 ,  6 , 7 ,  B
- 1 . 5 OV

1

V

p.A

RL :  3 .0k  to  VDD

Figure 14 RS926 and927 blockdiagram

P P M
I N P U T

TIME
CONSTANT

Vss r
F

uF{

A c

: I,o,,",o,,
: I 

"liLH'
V D D

OSCILLATOR
TIME CONSTANT

PPM INPUT

VSS

1 1



Characteristic Pin
Value

Unit Conditions
Min. Tvp. Max.

Operating supply voltage range
Current consumption 1

-12
2

-14
3

- 1 8
4

V
mA

PPM input
Input level  h igh
Input level low
Input pulse width

3
3
3

-1
Voo

1

0
-6

22f $g

V
V

pSec
1

l : . . . . : : -
tosc

Oscillator time constant See Note 1
Oscil lator frequency

Variation wrt Vep

Output voltage high
Output device leakage (Output OFF)

2

5-B
5-B

1 5

- 1 . 5

3k

1

1 50k

0
1

Hz
Hz

%N

V
pA

Typical f C: 22nF to Vsg
100k to Vee

Rr- :  3.0k to VDD

3560
Electrica I ch a racteristics
Test condit ions (unless otherwise stated):

Vss : 0V
Voo : -16V

Tamu: *25 'C

Note 1r Rosc (pin 2) is 56k-156k O. fosc : 
-*eil 

+20o/o.

RS 928,926,927 and 929 pceivers
The RS928 and 929 have paral lel 4-bit  binary latch-
ed open drain outputs only and respond to 16
codewords each. They are identical in circuit  opera-
t ion and appl icat ion and d i f fer  only  in  the i r  com-
mand sets, as shown in Table 3.
The RS926 and 927 respond to 15 codewords each
as shown in Table 3. The circuit  appl icat ions for the
RS928 and 929 are equal ly  appl icable to  the RS926
and 927. The outputs of the 926 and 927 differ from
the 928 and 929 by being 4-bit  paral lel  momentary
outputs and not latched and are of opposite logic
convention. The outputs are activated for as long
as a val id code is being received and return to their
inactive'off '  state under no signal condit ions.

A typ ica l  basic  c i rcu i t  appl icat ion is  g iven in  F igure
15.  The outputs are capable of  dr iv ing v is ib le
L.E.D.'s, opto-coupled thyristors/tr iacs or alterna-
t ively the 4-bit  binary outputs can be decoded
using a 40288 CMOS logic i .c. to provide up to 10
outputs or  a 45148 to produce the fu l l  16 outputs.

Figure 15 RS928/9 and 926/7 circuit

PPM INPUT

Voo Vss
0V + 15V

Applications
Ultrasonic control system
Setting up procedure

Transmitter
The potentiometers Ra and Rs in the transmitter
circuit  shown in Figure 2 require adjustment to
define the carr ier frequency and P.P.M. rate re-
qui red.
Activate the switch controlling transmitter code

Table 3 Command set 92819 &92617

N.B. LOGIC CONVENTION
RS928 & RS929 (Latching output)
Logic 'O'- output transistor ON
- pulls output to Vsg
Logic '1'-  output transistor OFF
ie: NEGATIVE LOGIG
RS926 & RS927 (Momentary outputs)
Logic 'O'- output transistor OFF
Logic '1'-  output transistor ON
- pulls output to Vsg
ie: POSITIVE LOGIC

RStf90
Transmittcr

Codc
RS9:16/8 RS9:t7t9

E D C B A D C B A D C B A

0 0 0 0 0
0 0 0 0 1
0 0 0 1 0
0 0 0 1 1
0 0 1 0 0
0 0 1 0 1
0 0 1 1 0
0 0 1 1 1
0 1 0 0 0
0 1 0 0 1
0 1 0 1 0
0 1 0 1 1
0 1 1 0 0
0 1 1 0 1
0 1 1 1 0
0 1 1 1 1

0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1

No change

1 0 0 0 0
1 0 0 0 1
1 0 0 1 0
1 0 0 1 1
1 0 1 0 0
1 0 1 0 1
1 0 1 1 0
1 1 1 1 1
1 1 0 0 0
1 1 0 0 1
1 1 0 1 0' 1  1 0 1 1
1 1 1 0 0
1 1 1 0 1
1 1 1 1 0
1 1 1 1 1

No change

0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 ' r 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1

1 2
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0000X and monitor the output waveform of the
transmitter i .c. appearing at pins 2 and 3. Expand-
ing one of the pulses displayed, adjust Rs to pro-
duce a carrier period of approximately 24.5p.s cor-
responding to a frequency of 40.8kH2. Display
several pulses of the transmitter code and by
adjust ing Ra a l ter  the t ime in terval  for  a. '0 '  to
provide the required P.P.M. rate (see Figure 4b).

Receiver
AI
Posit ion the transmitter and receiver transducers
3m apart.  Activate the transmitter to produce the
codeword 0000X continuously and monitor the
P.P.M. l /P p in on the receiver  i .c .
B}
Re-adjust Re control l ing the carr ier frequency on
the t ransmit ter  c i rcu i t  to  prov ide a maximum s ignal
at  the P.P.M..  l /P of  the receiver  i .c .  F inal ly  moni tor
the osc i l la tor  waveform on the osc i l la tor  t ime con-
stant pin of the receiver i .c. and adjust R1 so that
the periodic t ime is 1/40th of the t ime of a '0'

interval on the received P.P.M.

Infra-red control system
Setting up procedure

Transmitter
The potentiometer Ra shown in Figure 3 should be
adjusted for the required P.P.M. rate, fol lowing the
same procedure outl ined for the ultrasonic system.

Receiver
Follow part A oi ih; r"t t ing up procedure for the
ultrasonic system. Monitor the osci l lator waveform
on the osc t ime constant pin of the receiver i .c. and
adjust R1, so that the periodic t ime is 1/40th of the
time of a '0'  interval on the received P.P.M. of the
appropr ia te input  p in.

Additional circuits
Receiver amplifier (u ltrason icl
At  the receiv ing end of  the u l t rasonic  l ink a gain
and bandwidth defining system wil l  be required
before the incoming signal is suitable for reception
by the remote control receivers.
F igure 16 shows a sui tab le two stage ampl i f ier
del igned for receiving si lnals from the RS ultraso-
nic transducer, 307-367.

Figure 16 Ultrasonic receiver amplifier

To P.P.M. l /P
P i n  7  o f  R S  9 2 2
Pin 3 of  928/9
Pin 3 of  926/7

3560
Transmitter control for 2 receivers
Figure 17 i l lust rates a method of  employ ing one
RS490 transmitter to control two independent re-
ceivers. The P.P.M. rate for one receiver is selected
by the potentiometer R2. The second receiver
should be adjusted to receive the P.P.M. rate de-
f ined by the paral lel combination of R2 and R3. The
two dif ferent P.P.M. rates can be chosen such that
data accepted by one receiver is outside the t iming
windows defined by the osci l lator t ime constant of
the other. The P.P.M. rates should be within the
l imitat ions of the transducer, only one receiver
ampli f ier being required to direct ly feed the P.P.M.
inputs on the two receivers.

Figure 17 Transmitter modification for
controlling two receivers

T.T.L. interface
Figure 18 shows a simple interface between logic
level outputs of the remote control receiver i .c. 's, to
standard T.T.L. inputs. This circuit  also inverts the
logic levels, a logic 1 from the receiver producing a
logic 0 T.T.L. output.

Figure 18 T.T.L. interface

Digi lal outpuls lrom
remote control receiver

O/P to T.T.L.

1 3
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Il5data
Figure 19 Typical application circuit
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