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1) pulse-Amplitpde modulation (PAM)
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2) Pulse-Width modulstion (PWM) or Pulse-Dursation

Modulstion (PDM)
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»
Figure 3.34 Typical sct of photodiode chas. ctenstics.
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LESSEY

emiconductors

SL4S0B

REMOTE CONTROL TRANSMITTER

Plessey Semiconductors have developed and produced a
range of monolithic inlegrated circuits which give a wide
variety of remote contro! facilities. As well as ullrasonic or
infra red transmission, cable, radio or telephone links may
also be utilised. Pulse position modulation (PPM) is used
with or without carrier and automatic error detection is also
incorporated. Although initially designed with TV remole
control in mind the devices may equally easily be applied for
use in radios, luners, tape and record decks, lamps and
lighting, toys and models, industrial control and monitoring.

The SL4%08B is an easily extendable, 32 command, pulse
position modulation transmilter drawing neglible standby
current, It may be used with the ML920 series of remote
control receivers.

FEATURES )

Ultrasonic or Infra-red Transmissinn

Direct Drive for Ullrasonic Transducer

Direct Drive of Visible LED when using Infra-red
Very Low Power Requirements

nnunn-ooﬂ f 1g{JLasmn v CoNSTANT
i: w17 sTansin voLbact
oulrut
.- wl] e g CONSIANT
sl xxxty
v..l-m[ ¢ 51490 i SELICTION MATAIX
ooonx [} ] axxre] curasnt
1] xxxti
sutenon | rex e )
MATAIL
siexx ] af)
CuPhin] g D SILICTION MATRIX
SOUNCES 1 guar [ w[)1sza} curnin
Y . SOURCES
wogux [ o[} win

P18

Fig.1 Pin connsctions - lop view

QUICK REFERENCE DATA

Power Supply: 9V, Standby 6microamps,
Operating 8BmA

n
2 |
H
l; ¥i  Modulation: Pulse Position with or without Carrier
Pulse Position Modutation gives Excellent Immunity ina: 5 Bi iving a Primary Command Set of
from Noise and Multipath Rellections o gg dclr;%]?nggg:md sl mand
M Single Pole Key Malrix H  Key Enlry: 8 x 4 Single Pole Key Matrix
F Swich Resistance up to 1kohms Tolerated I8 Data Rate: Selectable 1 Bit/Sec 1o 10k Bit/Sec.
Bl Few Extemal Componenls B Carier Frequency: Selectable OHz (No Carrier)
M Anti-bounce Circuilry On Chip 10 200kHz2
SWITCH 4
GURRENT |——0 vee
SELECTOR
/é__— 4
s SUPPLY ___‘
o—] SWITCH
& 7
L REGULATOR I ‘<> YREG
i\:hclu ¢';,.___
533:2% 'E§ 1 \ ENCODER .
—
c outpPur [
1 REGISTER MULTIPLEX AMPLIFIER 5 5 SoTon
1"
] R I
Ln
‘o—’ oy ngﬁgu —‘é TIME CONST
: COUNTER MODULATOR
SWITCH ':)—-— ENCODER
MATRIX }
CURRENT 15
SINKS . o—T9
S R— oMM L % cousr

Fig.2 SL<90B transmitter block diagram -



SL480

ELECTRICAL CHARACTERISTICS

Test conditions (uniess otherwise staled)
Tame = 25°C Vcc = +7Vio +10.5V

Characteristic Pin Vi \_’ra;:‘e e Units Condilions

Operaling supply current 4 95 < 16 mA |Vcec =85V

Standby supply current 4 10 pA

Stabilised voltage 17 4.1 49 v

Output current available from

stabilised supply 17 1 mA

Outpul voltage swing 23 Vee -1 \ Unloaded

Output voltage 2 1 \ 12 = 10mA

Qutput voltage 3 1 V. |la=5mA } Peak value < ms
* External switch resistance 5-15 5 Xe}

External carrier resistor R2 18 20 40 80 k1 | C2 = BBOpF fc = 40kHz

11+ deviation from calculated value| 2,3 +10 % | R1 =15k} 1+ = 095C1R1

using fixed liming components 23 +10 % {R1 = 80k } See Fig.4

PPM resislor 16 15 30 60 K

Variation of t: and to with Vcc \

1y with Vee = 7V/t with

Vee = 10,5V 23 +4 %

fo with Vec = 7V/to with

Vee = 10.5V 23 +4 %

Ratio to/y 23 14 16

Pulse width tp 23 011t 022ty

interword gap 23 3 The interword gap is 3 times t

derived by counting

[ 0

Ll b

ME gl SR
[

-

Fig.3 PPM word notalion
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SL490

OPERATING NOTES

Fig.5 shows the circuit for asimpleintra-red transmitter
wherethe PPMoulputirompin2 of the SL490Bisled tothe
base of the PNP transmitier TR1, producing an amplified
current pulse about 15usec wide. This pulseisfurther amp-
litied by TR2 dnd appliediotheinira-red diodesDiandD2.

The current in the diodes and the infra-red output is con-
trolled by the quantity, lype, and conneclion method of the
diodes and also by the gain at high currents of the tran-
sistors. )

The most common solution where cost is important is
to use 2 single-chip diodes, such as the CQY99 connétted
in series.

Improved outpu! can be oblained by using four CQY99
diodes in a series paraliel arrangement, but it is usually sim-
pler lo use 2 mullichip diodes such as the CQXA47 con-
nected in paraliel or a single CQX19 which gives similar
results, ’

A significant increase in range can be oblained by using
diodes such as the CQY99 in conjunclion with a plated
plastic parabolic reilector.

When building the transmitter, care should be taken
with the choice of the capacitor C4land with the circuit lay-
oul, parlicularly when mullichip diodes are being used, as
the current pulses can be as high as 610 BAmps.

Transistor choice is also imporiant and any substitutes
should have high cument gain characteristics and swilch-
ing speeds similar to those specified in Fig.3.

An increase In output can be oblained by connecling
TR2 in common emitler conliguration, but care should be
taken not {o exceed the rating of the diodes.

Cholce of PPM Frequencies

* Although the ML920 series of remole control receivers
is designed lo work over a wide range of PP frequencies,
the actual usable range may be restricted by the appli-
cation. The analogue outputs on the ML820, ML922 and
MLG23 serve as a good example, since the oulpuls will
step up or down, one step for each pair of PPM words
recelved. This in tumn fixes the rate of increment or decre-
tnent of the volume or colour controls of a TV set.

When the transmiller is being used with an infra-red
link, with high current pulses fed lo the diodes as in Fig.5
power consumption will increase with frequency. It is thus

advisable that with a batlery power supply, the siowest °

PPM rale consislent with adequale response time should
be chosen.

Salting Up Procedure

When désigning a remote control syslem using the SL490
in conjunction with the ML920 range of receiving circuits it is
imponant fr a manulacturing point of view lor all
transmitters 16 be interchangeable. The timing capacitor C1
should be chosen to give the required T1 lime, calculated
from the formula T1 = 1.4CR with R = 33k. The R value
should be made up Q! a series potentiometer resistor
combination with suflicient adjustment to compensate for
the I.C. and component tolerances.

The liming components on the receiver can be selected
using the formula

1 ) 40
'RX‘-S—OJ—SCR— i2}0% where ’RX = -g
1, being the PPM logic 0 time from the transmitter.

i the recommended value of potentiometer and lixed
resistor, as shown in Fig.6, are used, then the value ol Rinthe
above formula should be B4k(). This gives the maximum
frequency adjustment range, which is neeced to cope with
component and IC tolerances.

Final adjustment is made by setting the period on the
receiver oscillator time constant pin to 1/40th of the trans-
mitter PPM logic 0 time using the potentiometer.
Connection 10 the receiver lime constant pin should be
made using a x10 oscliloscope probe to reduce circuit
loading.

When adjusting the ML920, the monitor outpu! can be
used lor setling up, bulin this case, a figure of 1/20th of the
transmitter PPM logic 0 time should be used as the monitor
oulput is at hall the oscillator {requency.

J,

w20 osc Y/c
SRS ¢
AZCTIVER PN

oy

Fig.6 Recommended receiver lime constan! components

ABSOLUTE MAXIMUM RATINGS

Supply voltage *

Total power dissipation
Operating temperature range
Storage temperature range

7V 10 9.5V
600mW

-10°Cto +65°C
—55°C 1o +125°C



ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated);

Tamb = 25°C, Vec = 4.5V 1o 7.0V

SL486

. ’ Value .
Characteristic Pin i Typ. | Max. Unit Conditlons
Supply current 47 6.5 9.0 mA Vee = 5.0V, lowooe ='1.0pA Pins 138 14
(See Note 1) 4 3.5+3xlo | 4.2+3xIp | 5+3xlp mA Vee = 4,5V, loooe < 1.5mA § ground
47 8.5 10 mA Vee =18V, loiooe = 1.0¢A Pin 12 ground
Low vollage 4,7(+ve), 4.5 9.5 A Input and output Vcc commoned,
supply (external) 13,14(-ve) input and oultput ground commioned
High voltage 47 (+ve) 8.4 18.0 \% Input and output Vee commoned, input
supply. {external) 12(-ve) and oulput ground at internat
regulated voltage
Internal regulated 13{wn 7) 59 6.2 6.5 -V VPin7{+)toV Pin 1?(-) = +16V
voltage ’
Voltage between 47 1.5 V | At room temperature
input and -
output Vce 11 v AlL70°C
Minimum sensitivity 1,16 9.0 23 nA lowooe = 1.0uA
ol dilferential input 74.0 18.5 nA Ipiooe = 100uA
168.0, 420 nA loiooe = 0.5mA
Common mode 1,16 35.0 a8
rejection .
Maximum signal 1,16 3.0 4.0 mA (peak)
input
AGC range 66.0 aB
Outpul and stretch 9.1 55.0 k2 AL 25°C
output pull-up
resistance (inlernal)
Strelch output 11 2.4 ms Capacitance Pin 9 to Pin 10 = 10nF;
| idth (T e
puise width (Ty) Tex~-BxCin 315 ]
Vee
T co-eflicient on Rx 0.7 %°C [Where Rx = 200k} + 25%
(internal resistance)
Output iow 9 Output \Y 0.2mA Sink, max,
' ground :
+0.35
Output high 9 Qutput v SpA Source
Vee
-0.5
Streich output low 1 Output v 1.6mA Sink, max.
ground
05
Stretch oulpul high 11 Output \ Output open circuit SpA Source
Vee
0.1
Supply rejection, 4 1.5 V(peak) | Ripple amplitude al 100Hz, Pin 12ground
input Vee 08 Vipeak) {Ripple amplilude al 100Hz. Pins 13 & 14
ground
NOTE

1. lo= loos = IR diode lorward current

_'i
<pf
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APPLICATION NOTES - REFER TO FIGURE 4

Diode Anode and Calhode (Pins 1 and 16) The inlra-red
receiving diode is connecled belween pins 1 and 16. The
input circuil is configured so as 1o reject signals common to
.both pins. This improves the stability of the device, and
greatly reduces the sensilivity 1o radialed electrical noise.
The diode is reverse biased by a.nominal 0.65V.

Gyralor C2 and C1 (Ping2 and 3) The decoupling, provided
by gyrator C2 and C1, rolls off the gain of the feedback loop
which balances the DC component of the infra-red diode
currenl. The values of C2 and C1 are chosen lo produce a
low frequency cut-off characteristic below a nominal 2kHz.
Hence, the gyrator produces approximately 20dB rejection
at 100Hz.

The gyralor consists of two feedback loops operating in
tandem. Only one feedback path is lunctional when the DC
component of the diode current is less than 200uA. This loop
is decoupled by gyrator C2. For diode currents between
200uA and 1.5mA the second conlrol 1oop is operalive, and
this is decoupled by gyrator Ct.

The decoupling capacitors, gyrator C2 and C1, must be
connecled between pins 2.and 3, lo pin 4, The series
impedance of C2 and C1 should be kept to a minimum,
First Stage Decouple (Pin 15) The capacilor on pin 15
decouples the signa! from the non-inverting input of the first
dillerence amplifier (see also Figure 2). The capacitance of
150F is chosen 1o produce a 2kHz low frequency roll-off.

The capacitor must be connecled belween pins 15 and 14
(the input ground).

Second Stage Decouple (Pin 5) The capacitor on pin 5
decouples the signal from the non-inverting input of the
second difference amplifier. The capacitance of 33nF is
chosen fo produce a 2kHz low frequency roll-off. The
capacilor must be connected between pins § and 4 (the input
Vcec).

Fourth Slage Decouple {Pin 6) The capacitor on pin 6
decouples the signal Irom the non-inverting input of the
founth ditlerence amplifier. The capacitance of 4.7nF is
chosen to produce a 2kHz low frequency roll-olf. The
capacitor must be tonnected between pins 6 and 7 (the
output Vee).

AGC Decouple/Delay Adjust (Pin 8) The output of the
fourth dilference amplifier is followed’ by a peak detector,
which is used to provide an AGC controt level. This produces
a current source which is Kmited 10 10mA at pin 8. The AGC
decouple capacitor (C5 normally 150nFJ filters the pulsed
inpul, and the resultant level controls the gain of the first
three dillerence amplitiers, .

The AGC control level exhibits a fast attack/slow decay
characteristic. Immediately inlra-red pulses are detected. the
gain will be reduced, so thal any weaker noise pulsesthatare
also received will not be seen at the output. Thus, provided
thevinira-red pulses are the most intense, it is possible to
receive dala in noisy environments. The siow decay keeps
the AGC level intact during data reception, and produces a
delay belore any received noise may become present at the
output, when transmission ceases.

Oulpul (Pin 9) The output will'be low. pulsing high with a
source impedance of a nominal 55k(), for a received infra-red
pulse. 1t is a linear amplification of the input and swings
between output ground and oulpul Vee.

Strelch Input and Stretch Oulput (Pins 10 and 11) Atypical
inlra-red PPM system transimils very narrow pulses. The
duration of these pulses is typically 15us, s0 in order lo utilise
a microprocessor based decoder system it is necessary 1o
lengthen the received pulse. This streiched output can be
obtained from pin 11 when a capacitor is connecled between
pins 9 and 10. :

The width of the pulse is determined by the value of this
coupling capacitor (C8 in Figure 3) and is given by:

15
Te =-RxCyln '(m)l

whereTp = pulse width in ms
Rx = 200k} (see electrical characteristics)
Ce = coupling capacilance
and (Va - Vi3) = polential betweeh input Vec and ground
{pins 13 and 14)

The stretch outpul is normally high pulsing low for a

received infra-red pulse, and swings between outpul Vec and
outpui groun '
Regulator Infut (Pin 12) The device can be operated with
supplies of between 4.5V and 9.0V connected belween
inpul/output ground (pins 14 and 13) and input and output
Vce (pins 4 and 7) as shown in Figure 3.

The device can be operated with supplies in excess of 9.0V
by utilising the on-chip regulator. In this case connections
are made between output Vee {pin 7} and the regulator input
(pin 12} as shown in Figure 4. A supply voltage of between
9.0V and 18V will then cause the output ground to be
regulaled al a level nominally 6.4V below the output Vee (pin
7).
The regulator will, however, lose control with a polential
difference of less than 9.0V. Below this level the voltage on
pin 13 will track nominally 1.5V above the leve] of pin 12,

When the regulator is not used (low voltage operation), pin
12 must be shoried to outpul ground (pin 13},

OPERATING NOTES -
REFER TO FIGURES 3 AND 4

Gyralor C1 (Pin 3) If the enviconment in which the deviceis
operaling, limits the background fight such that the DG
component of the diode current has a maximum of 200uA, it
may be desirable 1o omit (see Figure 3) the more bulky and
costly 88uF capacilor, gyrator C1 shown in Figure 4. In this
case pin 3 can be left open circuit, The resullant application
will then have a characteristic of greatly reduced gain when
the ambient light causes the DC current 1o rise above this
threshold.

The 68uF capacilor can alternatively be reptaced by a
resistor. The outcome of this is 1o further reduce the gainin
ambient light tevels above the 200pA threshold. Below this
threshold the overall gain is slightly enhanced as the light
level approaches the threshold value. If chosen this
resistance should lie between 10k} and 200k0).

Noise Immunity The siretch oulput can also be used asa
means of improving performance relating 1o a receiver
system, over and above its main purpose ol providing a
sirelched output facility. Including C8 (Figure 4) causes the
output pulses {from pin 8) to be subjected 1o the siretch input
threshold. Thus any noise pulses from pin 9 that are below
this threshold will not be seen at the stretch output (pin 11),

A further improvement can be made. ulitising this stretch
inpul threshold by including some additional filtering of the
output (C10 in Figure 4). This can be adjusted in value
(typically 10QpF) 10 reduce some of the noise puises that
otherwise cross he threshold, to a level below the threshold.

It must be noted that the strelch output logic sense is
inverse (for microprocessor applications) rom that of the
oulpul {pin 9), and the cost of re-inversion may be deemed
uneconomical for the improvéments gained.

Screening Use of screening for the device, and associated
components, improves the performance and wmmunity to
externally radiated noise. The screening method used musi
protect the sensitive front-end of the device; provided that



the diode, pin 1, pin 16, C2 {pin 2) and the first stage decouple
{pin 15) are screened, it may be found thal for the application
considered. the remaining circuitry need not be so protected.
In applications where exlernally radiated noise is minimal,
it may be possible to reduce any screening to pins 1 and 16,
and lhe diode connections, only. In some instances, no
screening may be necessary, bul this largely depends on the
level of radiated noise, the decoupling/liltering employed
and the receivers decoding technique.
Decoupling Typical decoupling arrangements for use with
or without the regulator, are given in Figures 4 and 3

SL486

respectively. When using the regulator, furlher
improvements in high frequency supply rejection are
possible by the inclusion of R2. The value can be chosen 1]
as 1o keep the pin 12 end of R2 within the -8.0 1o -18V (w.rt.
pin 7} specilied vollage range. For example if using the 920
series remote conlrol receivers, on a supply of 16V, a typical
value lor R2 would be 2000).

Note that the regulator is a low impedance point between
pins 12 and 13. C7 thus maintains a low impedance path
belween pins 4 and 12 at high frequencles.
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Semiconductors

' ML926/7

REMIOTE CONTROL RECEIVERS
(WITH MOMENTARY OUTPUTS)

The ML926 and ML927 are MOS L:SI monotithic circuils
for use as receivers of.remote control signals for television
control and many other applications. They are general pur-
pose devices each receiving sixteen of the thirty-two codes
transmilted by the SL490 circuit as pulse position modu-
lation (PPM).

FEATURES

K Minimum Package Size — 8-Lead Minidip

Ef Four Outputs indicate in Binary the Code
Currently Being Received, and Are Swilched Of
(Low) When No Valid Code is Delecled.

On-Chip Oscittator

B High Power, Free Drain, Output Bulfers

OPERATING NOTES

The receiver operates on a limescale fixed by an internal
osciltator and its external timing components. The oscillator
may be adjusted to any value between’ 15Hz and 150kHz
{allowing different receivers to respond lo different
transmission rates withint the same area).

Checks are made to ensure 6 pulses, or 5 bits, are received
for a word to be valid, and only after two consecutive and
identical words is the receiver allowed to respond to the
incoming code. 5

The ML926 responds only to codes 00001 to 01111 from

the SL490 transmitter whereas the ML927 responds 1o codes
10001 to 11111,

ABSOLUTE MAXIMUM RATINGS

Voo supply and inputs w.r.t. Vss +0.3Vio-25V.
Storage temperature —55°C to +125°C
Operating temperature ambient -10°C10+65°C
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ELECTRICAL CHARACTERISTICS-

Tost Condilions (unlpss otherwise staled):
Vop = —16V, Vss = OV

ML926/7

Tamp = 25°C
Value
Characteristic Pin 2 u. Units Conditions
Min. Typ. Max
Operating supply vollage range 12 14 18 \
Current consumplion 1 2 3 4 mA
PPM input '
Input level high 3 -1 (6] \
Input leve! low 3 Voo -6 v 1
| 1 i 2271 ec | T=
nput pulse width . 3 1 osc HS T
Oscillator time constant See Note 1
Oscillator Irequency 2 15 150k . Hz
3k Hz Typical TC: 22nF 1o Vss
. 100k|to Vpo
Variation wrt Vpp 1 %N
Output voltage high 5-B -15 0 v R =3.0Kto VDD
Output device leakage (Oulput OFF}| 5-8 1 pA
. 1 .
Note 1. R, (Pin 2)is 56k-156ka .losc o~ 55eA 220% -

PIN FUNCTIONS
POSITIVE LOGIC 1’ = Vss 0" = Voo
1. Voo

—14V to —18V power supply

2. Oscillator time constant

An RC time constant ol a capacitor and resistor at this
pin defines the internal clock frequency. The clock
trequency may be varied Irom 15Hz to 150kHz.

3. PPMinput -

The output of the ‘front end’ ampliher’ is connected lo this
pin; the signal must consist of 8 normal "lov/ fevel with pulses
lo high level corresponding 1o the PPM pulses from the
transmitter.

4, Vss
0OV (ground)

5-8. A.B.C.D

Four open drain high power transistors give a binary
coded output of the vaiid code being received. -

Momentary binary outputs

Transmitter

MLg27

Code ML326
EDCBA DCBA DCBA
00000 0000 0000
00001 0001
00010 0010
00011 0011
00100 0100
00101 0101,
00110 0110
0°0 1 11 0111
01000 1000
01001 1001
01010 1010
01011 1011
01100 1100
01101 1101
01110 1110
01111 1111
10000 0000 0000
10001 0001
10010 0010
10011 0011
10100 0100
10101 0101
10110 0110
10111 | 0111
11000 1000
11001 1001
11010 1010
11011 1011
11100 1100
11101 1101
11110 1110
11111 111

Table 1 Response to SL490 codes
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