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INTRODUCTION
The LPC932 provides a number of features, which help to reduce
power consumption as well as to minimize external components.

For example, it might be an option for applications in battery
powered and handheld devices to clock the microcontroller with the
internal watchdog timer (WDT). (See figure 1)

This lowers the power consumption considerably compared to the
use of an external crystal or the internal RC oscillator. Also, there’s
no more need for the crystal and its two capacitors. Thus,
applications, which don’t need a high clock frequency, can be
developed more economically. Although the WDT oscillator has a
low initial accuracy, it's possible to achieve a highly accurate time
base if required. For example to drive the integrated UART, it's
necessary to set up a baud rate with a deviation smaller than +2.5%.
Since the watchdog oscillators frequency is in a range between
—30% and +20% of 400kHz, the actual frequency must be measured
and considered before setting up the particular baud rate. This
means the watchdog oscillator has to be calibrated.

Fortunately, the actual frequency is very stable, so that the WDT
only needs to be calibrated once. The results are written into the
EEPROM and can be used from then on.

This description shows in detail how to setup the UART as an
example, but the calibration itself and its results can be used for any
other purpose requiring an accurate time base.

CALIBRATION PRINCIPLE (See figure 2)

A convenient way to generate a baud rate for the UART is to use the
internal baud rate generator. It divides the CCLK by a factor that is
defined by two registers BRGO and BRGL1. If CCLK is

fwpT = 400 kHz and the intended baud rate is 9600 the factor should
be 42. Obviously, this factor is proportional to CCLK and fypr-

To determine the frequency of the WDT we just have to count
watchdog timer events (counts, overflows) during a certain period.
It's easy to use overflows, because they cause an interrupt, which
can be used to increment a counter. To maximize the accuracy we
set up the highest overflow frequency, by writing a 0 into the
watchdog timer reload register. Now every 80 ps an overflow occurs.
The resulting count value could be used directly as the factor for the
baud rate generator, but it's advantageous to count a value that's 4
times the required factor. By shifting the result by 2 digits to right, the
LSB error can be removed.

Now the measurement time is 4x42x80 pus = 13.44ms. The result of
the calibration is as accurate as this time can be measured.

When the LPC932 is powered up for the first time, it uses the
internal RC oscillator as its clock source. It has a tolerance of +2.5%
over the whole temperature range and is better than £0.8% when
used at room temperature. This tolerance is well suited for
performing the calibration. The RC oscillator has a frequency of
7.373 MHz, this means an internal timer (e.g. Timer0) increments
every 0.271 ps. To get a total measurement time of 13.44ms it has
to count 49547 times until it overflows and causes an interrupt. This
interrupt must stop all timers (TO and WDT) and write the current
count value into the EEPROM (In-Application Programming).

Now that the WDT is calibrated, an IAP routine is called to set up the
microcontroller to use the WDT as its clock source. The last step is
to execute a software reset to let the new clock settings take effect.

On further power-ups this calibration procedure can be skipped,
since the EEPROM contains the necessary information. It can be
read, shifted right by 2 digits and used as the factor for the baud rate
generator to clock the UART.

It can also be used for the prescaler of any other peripheral of the
LPC932 that needs an accurate time base.
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Figure 1. Watchdog timer in timer mode
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First startup Following startups
using factory defaults: fosc= fwpT= 400 kHz +20%
fosc= frc= 7.373 MHz £2.5%
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the clock source fosc calibration data
Execute software reset Execute customer code

Figure 2. Calibration flowchart

SOFTWARE EXAMPLE Start the program ‘Hyperterminal’ (Start / Programs / Accessories /
The following code implements the calibration of the WDT. It's Communications) and set the configuration to 9600 baud, 8 data -
divided into two major parts, so that it's easy to include it in existing bits, 1 stop bit, no parity bit and no flow control. Then click on ‘Wait

projects. for Call’.
The first four files are a simple software example. It uses the UART After a power up, the programmed device blinks the LEDs on Port 2.
for receiving a command (‘S’ = Send Data) from the PC and sending That means, it has already calibrated the watchdog timer and is

back some data. using it as the clock source.

The last two files contain the necessary code, which calibrates the By pressing 'S’ in Hyperterminal, the LPC932 sends out some data
watchdog timer. to the PC, which are displayed by Hyperterminal.

To test this example, the LPC932 needs a RS232 interface to a PC,
which may be provided by the Keil MCB900 evaluation board.
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CustomerCode.c
CustomerCode.h
Cstm_lib.h

AN10167

WnDcal_lib.h

. .
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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 data sheet or data handbook.

Limiting values definiton—  Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 60134). 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 Semiconductors 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 applications do so at their own risk and agree
to fully indemnify Philips Semiconductors for any damages resulting from such application.

Rightto make changes — Philips Semiconductors reserves the right to make changes in the products—including circuits, standard cells, and/or software—described
or contained herein in order to improve design and/or performance. When the product is in full production (status ‘Production’), relevant changes will be communicated
viaa Customer Product/Process Change Notification (CPCN). Philips Semiconductors assumes no responsibility or liability for the use of any of these products, conveys
no license ortitle 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 information 0 Koninklijke Philips Electronics N.V. 2003
For additional information please visit All rights reserved. Printed in U.S.A.
http://www.semiconductors.philips.com . Fax: +31 40 27 24825

Date of release: 01-03
For sales offices addresses send e-mail to:
sales.addresses@www.semiconductors.philips.com . Document order number: 9397 750 10992
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