INTEGRATED CIRCUITS

APPLICATION NOTIE

ABSTRACT
This application note illustrates the use of an 87LPC76x microcontroller

from Philips Semiconductors as an infrared RC5 remote control
transmitter.
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INTRODUCTION

The P87LPC760 is a 14-pin single chip microcontrol-
ler designed for applications demanding high-
integration, low cost solutions over a wide range of
performance requirements. It is based on an 80C51
processor architecture that executes instructions at
twice the rate of standard 80C51 devices.

The P87LPC760 offers internal RC operation, wide
operating voltage range, programmable 1/O port con-
figurations, LED drive outputs, two 16 bit timers, a
build-in watchdog timer, four keypad interrupt inputs
and power reduction modes.

All these features make the LPC760 very suitable for
remote control transmitter applications. It is a very
cost effective alternative for older or even discontin-
ued devices like the PCA84C122 and the SAA3010.

HARDWARE

Figure 1 shows the main application of the
P87LPC760 as a remote control transmitter. A 16-
key pad, arranged as a 4 x 4 matrix, is implemented
using only eight port pins of the microcontroller. The
‘sense’ (input) lines are connected to port 0. The

P87LPC760 allows any pin of port O to be enabled to
cause a single keyboard interrupt. The interrupt is
generated when any enabled pin is pulled low by a
key pressure.

The ‘scan’ (output) lines are designated to port 1 pins
of the LPC760. By making each scan line logic 0 in
turn, and each time looking at the sense lines, a de-
pressed key can be detected. Each key of the trans-
mitter keypad represents a corresponding command
code, determined by using a software look-up table.
This code together with the system address (see next
chapter) is sent according the RC5 protocol.

The pulses that are generated are available at port
pin P1.7. This pin drives the output transistor, which
provides the current for the IR-LED.

In our example, the on-chip reset and the micro’s
internal RC oscillator (6 MHz + 5%) are used.

Unused port pins could be used to expand the key-
pad matrix or for example to select the controllers
system address. If more /O or on-chip program
(code) memory is needed alternative micro-
controllers, like the P87LPC761/2 are available from
Philips Semiconductors.
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Fig. 1 P87LPC760 remote control transmitter application

2003 May 15

20f6



Philips Semiconductors

Application note

Using the Philips 87LPC76x microcontroller as a

remote control transmitter

AN10210

RC5 TRANSMISSION PROTOCOL

To ensure immunity to interference from other IR
sources such as the sun, lamps and IR sound trans-
missions (to headphones), bi-phase encoding (also
called Manchester encoding) is used for RC5 code
words. As shown in figure 2 each bi-phase encoded
bit is a symbol comprising two logic levels with a tran-
sition in the middle.

Logic O Logic 1

' 1 bit period ' ' 1 bit period '
1.7778 ms 1.7778 ms

Fig. 2 Bi-phase code word bits

As shown in figure 3, the bi-phase code words modu-
late a 36 kHz carrier, before being transmitted via the
IR LED. Since the repetition period of the 36 kHz car-
rier is 27.778 us and the duty factor is 25 %, the car-
rier pulse duration is 6.944 us.

Because the high part of each bit of the RC5 code
word contains 32 carrier pulses, 1 bit period is 64 x
27.778 us = 1.778 ms.
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Fig. 3 RC5 code word example

A complete RC5 code word contains 14 bits, so it
takes 24.889 ms to transmit. Each 14 bit RC5 code
word consists of:
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= @ start bit (S) which is always logic 1

= afield bit (F) which denotes command codes 0 to
63 or 64 to 127

= a control bit (C) which toggles after each key re-
lease and initiates a new transmission

= five system address bits for selecting one of 32
possible systems

= six command bits representing one of the 128
possible RC5 commands

SOFTWARE

Main loop (see figure 4)

After initialisation of the hardware, the four scan-lines
(port pins P1.0-3) are pulled low and the LPC76x is
forced into power down mode.

If one of the 16 keys is pressed a keyboard interrupt
will be generated and the micro will wake up from
power down mode. The main program checks for a
valid key hit. Next, the control bit (C) of the system
byte is set or reset. After that, a routine is called for
sending out the key info as an RC5 code word. Fi-
nally power down mode is entered again, waiting to
wake up at the next keyboard or watchdog interrupt.

maln

Init hardware

<

Go into power down

Key hit ?

S/R toggle bit
Send RC5 code word

!

Fig. 4 Main software loop
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Keyboard Interrupt

When a key is pressed, an interrupt is generated.
Inside the Keyboard Interrupt routine the keyboard
interrupt is disabled and the de-bounce Timer O is
started. This is done in order to let enough time (5
ms) for the key to stabilize so that we read a correct
value from the port O sense lines. While waiting for
the de-bounce timer to expire the micro is in idle
mode to save power.

KB interrupt

v

| Disable KB interrupt |

!

| Start debounce timer 0 |

!

| Enter Idle mode |

Timer 0 (de-bounce timer) Interrupt

At the very beginning of the Timer O interrupt routine,
after the timer is stopped a routine is called to de-
code the keypad. After detection of a valid key pres-
sure this routine sets / resets the flag “key hit” (see
main loop).

TOinterrupt

Stop Timer 0

'

Decode key
S/R key hit flag

!

Start WD timer

At the end of the timer interrupt the watchdog timer is
started. This timer is used for repetition of sending
RC5 code words (every 100 ms) as long as a key
stays pressed.
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Watchdog Timer Interrupt

If the watchdog timer overflows an interrupt is gener-
ated and the micro leaves power down mode (from
inside the main loop). First the decode keyboard rou-
tine is called to check if a key is still pressed. If that is
the case the watchdog is fed and the interrupt routine
is left, resulting in sending a new RC5 command by
the main loop and the next watchdog interrupt after
approximately 100 ms.

If there is no more “key hit” (key released) the watch-
dog timer is stopped, the toggle bit is inverted and
the keyboard interrupt is re-enabled. This results in
the micro going back into power down mode, waiting
for the next keyboard interrupt (key pressure).

WD interrupt

Decode key |

Reset KB int. flag
Enable KB interrupt
Complement toggle
Stop WD timer

Feed watchdog

Send RC5 code word

The flow diagram below shows the routine used for
sending out an RC5 code word. The program starts
with setting a bit counter to 14 and sending the start
bit. For sending out 36 KHz modulated bits the sub-
routine “Start_Mod” is called which is described later
on in this document.

After transmission of the start bit, the next 13 bits of
the RC5 code word are transmitted, using the above-
described Manchester encoding principle. After each
bit transfer a delay of 889 microseconds is pro-
grammed using Timer 1 of the micro, according the
RC5 specification. Than, the next two bits of the RC5
code word are checked to decide if a short (modu-
lated) pulse, a long pulse or another extra delay
should follow.
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If the bit counter reaches zero the program returns
back to the main loop and the micro enters power
down mode again.

Send RC5

Bit_count =14
Start-Mod (32)

<

A 4
Bit_count - 1

Bit_count=07? Exit

Delay 889 us
Shift next bit

Next 2 bits Y
O00or11?

Start-Mod (32)

N

Next 2 bits Y
01?

Delay 889 us

N
(Next 2 bits are 10)

Start_Mod (64)

36 KHz modulator

For the generation of 32 (or 64) pulses modulated at
36 KHz with a duty cycle of 25% Timer 1 of the micro
is used. This part of the program is very time critical
and is therefore written in assembly.

T1 is programmed in auto-reload mode generating an
interrupt every 27.777 us (including latency). Inside
the interrupt routine a puls-counter is decremented
and at port pin P1.7 a puls of 7 us is generated, ac-
cording the RC5 specification.
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SOURCE CODE

Code file of this application note is available on re-
quest. Please enter your request at:

http://www.semiconductors.philips.com/markets/mms
/products/microcontrollers/support/training_education
/technical_support/index.html

REFERENCES

For further details please refer to the following publi-
cations:
o Datasheets:
www.semiconductors.philips.com
o0 “Remote control system RC-5"
doc. Nr: 9398 706 23011
0 AN10184: “Connecting a keyboard to the
Philips LPC9xx microcontroller”
o Example Programs:
http://www.keil.com/download/c51.asp
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Definitions
Short-form specification — The data in a short-form specification is extracted from a full data sheet with the same type number and title. For
detailed information, see the relevant datasheet or data handbook.

Limiting values definition — Limiting values given are in accordance with the Absolute Maximum Rating System (IEC134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation of the device at these
or at any other conditions above those given in the Characteristics sections of the specification is not implied. Exposure to limiting values for
extended periods may affect device reliability.

Application information — Applications that are described herein for any of these products are for illustrative purposes only. Philips Semicon-
ductors make no representation or warranty that such applications will be suitable for the specified use without further testing or modification.

Disclaimers

Life support — These products are not designed for use in life support appliances, devices or systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips Semiconductors customers using or selling these products for use in such applica-
tions do so at their own risk and agree to fully indemnify Philips Semiconductors for any damages resulting from such application.

Right to make changes — Philips Semiconductors reserves the right to make changes, without notice, in the products, including circuits, stan-
dard cells, and/or software, described or contained herein in order to improve design and/or performance. Philips Semiconductors assumes no
responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright, or mask work right to these
products, and makes no representations or warranties that these products are free from patent, copyright, or mask work right infringement,
unless otherwise specified.

Contact infor_mation N O Koninklijke Philips Electronics Electronics N.V. 2002
For additional information please visit All rights reserved. Printed in U.S.A
http://www.semiconductors.philips.com. Fax: +31 40 27 24825

For sales offices addresses send e-mail to:
sales.addresses@www.semiconductors.philips.com
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