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P89LPC9351/9321 Migration

1. Introduction

This document provides information regarding the migration of the P89LPC935/932A1 to
the P89LPC9351/9321 This document should be used in conjunction with the device
datasheet. The following is a list of the differences between the two microcontrollers.

The followed aspects are covered in this document:
. Pinning
. Reset
. Memory
. Clock

1

2

3

4

5. Brownout detection
6. ADC functions (LPC9351 only)
7. Analog comparators

8. Readable RTC

9. User configuration bytes

10. Power consumption

11. Difference in Keil IDE

12. IAP/ISP mode

13. Parallel programming

2. Pinning
The pinning of both micros are the same. Compared with the PB9LPC935/932A1, the
P89LPC9351/9321 has eight I/O pins with high current sourcing/sinking (20 mA). These
eight 1/O pins include P0.3 to P0.7, P1.4, P1.6 and P1.7.

3. Memory
The memory maps of both microcontrollers are the same.

4. Reset
In the P89LPC9351/9321, a watchdog reset is similar to a power-on reset, both POF and
BOF are set but the other flag bits are cleared.

5. Clocks

AN10765_1

Fig 1 gives the block diagram of oscillator control of the P89LPC9351/9321.
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5.1

5.2

5.3
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P89LPC9351/9321 Migration
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(1) A series resistor may be required to limit crystal drive levels. This is especially important for
low frequency crystals (see text)

Fig 1. Block diagram of oscillator control

Clock doubler option

In the P89LPC9351/9321, the internal RC oscillator has a clock ‘doubler’ option.
UCFGZ2.7 is used to control the clock doubler option. When set, it doubles the output
frequency of the internal RC oscillator to 14.746 MHz. The unprogrammed value of
UCFGZ2.7 is zero, disabling the clock double option.

Watchdog oscillator option

Both the P89LPC935/932A1 and the P89LPC9351/9321 have a watchdog oscillator of
400 kHz. In the P89LPC9351/9321, the accuracy of the watchdog oscillator has been
improved to £5% at room temperature.

WDT clock source

In the P89LPC935/932A1, the WDT can be clocked from the watchdog oscillator and
PCLK. In the P89LPC9351/9321, the external crystal oscillator can also be the clock
source of the WDT. XTALWD bit in the CLKCON register is used to configure this feature.
When ‘1, the external crystal oscillator is chosen to be the clock source of the WDT.
When ‘0, the clock source configuration of WDT is the same with PB9LPC935/932A1.
The reset value of XTALWD bit is ‘0’
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Fig 2. WDT clock source

5.4 Clock switching on the fly
A new feature called ‘clock switch on the fly’ is added to the P89LPC9351/9321.

It can implement clock source switching on any sources of watchdog oscillator, 7/14MHz
IRC oscillator, external crystal oscillator and external clock input during code is execution.
The CLKCON register is used to control this function. During reset, the CLKCON register
value comes from UCFG1 and UCFG2.

Please see the P89LPC9351/9321 UM and AN of clock source switching on the fly for
more detailed information.

6. Brownout detection

AN10765_1

In the P89LPC935/932A1, Brownout detection can be configured to cause a processor
reset or to generate an interrupt. BOE (UCFG1.5), BOPD (PCON.5) and
PMOD1/PMODO (PCON[1:0]) are used to enable brownout detection. BOI (PCON.4) is
used to switch between brownout detection reset and interrupt.

Compared with the P89LPC935/932A1, the P89LPC9351/9321 has enhanced brownout
detection, including 3 independent functions: BOD reset, BOD interrupt and BOD
EEPROM/FLASH.

BOD reset will cause a processor reset and it is always enabled, except in total power-
down mode. BOD interrupt will generate an interrupt and can be enabled or disabled in
software.

For BOD reset and BOD interrupt, each has 4 trip voltage levels. BOE1 bit (UCFG1.5)
and BOEO bit (UCFG1.3) are used as trip point configuration bits of the BOD reset.
BOICFGL1 bit and BOICFGO bit in register BODCFG are used as trip point configuration
bits of BOD interrupt.

BOD EEPROM/FLASH is used for flash/Data EEPROM program/erase protection. The
BOD EEPROM/FLASH has only 1 trip voltage level of 2.4V. The EWERR1 and EWERRO
bits in the DEECON register are used to indicate the write error of the BOD EEPROM.

Please see the P89LPC9351/9321 UM section 6.1 Brownout detection and Section 18
Data EEPROM and AN of enhanced BOD function of the LPC9351 for more information.
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7. ADC functions (LPC9351 only)

In the P89LPC9351, the ADC function has been enhanced. Two high-speed
programmable gain amplifiers (PGA) and an on-chip temperature sensor are integrated.
The block diagram of ADC is shown in Fig 3.
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ADO2 —————»] Anin01 \ !
ADO3 PGAO | Anin02 o 1 +
h Anin03 / SAR
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" : DACO |« >
|
|
]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, CONTROL
) input MUX | LOGIC
AD10 Anin10 \ | comp
Anin11 I
—|
AD11 PGA1 Anin12 - 1 +
o > Anin13 / T SAR
A
8
- DAC1 |« »>

002aad576

» to comparators

Fig 3. ADC block diagram

Two 8-bit ADCs are integrated. The conversion speed of the ADC has been improved to
8-bit conversion time of 21.61 ps at an A/D clock of 8.0 MHz.

In each ADC module, a PGA module is integrated to improve the effective resolution of
the ADC. A single channel can be selected for amplification. The gain of the PGA can be
programmed to 2x, 4%, 8x and 16x. An on-chip wide-temperature range temperature
sensor is integrated with the ADCO module. It provides temperature sensing capability
between -40 °C ~ 85 °C. The registers PGACONx and PGACONXB are used for the
PGA and temperature sensor configuration. The reset value of the PGA control register
is ‘0’ which means the PGA and the temperature sensor are both disabled.

Please see the P89LPC9351 UM, AN of how to use LPC9351 PGA and AN of how to
use LPC9351 temperature sensor for more information.

If the PGAS, temperature sensor or the A/D are enabled, they will consume power.
Power can be reduced by disabling the PGA, temperature sensor and A/D. In Power-
down mode or Total Power-down mode, the A/D, PGA and temperature sensor do not
function.

8. Analog comparators

In the LPC9351/9321, the comparators inputs can also be amplified by PGAL. This is
configured by programming the registers PGACON1 and PGACON1B. The reset value of
PGAZ1 control registers is ‘0’ which means PGAL is disabled.
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9. Readable RTC

In the P89LPC9351/9321, the 16-bit counter portion of the RTC is readable by accessing
the RTCDATH and RTCDATL registers. Please see AN of LPC9351 readable RTC for
more detailed information..

10. user configuration bytes

In the P89LPC9351/9321, two user configuration bytes are used for user-configurable
features. In UCFGL1, UCFGL1.5 and UCFG1.3 are used as BOD reset trip point
configuration bits. But in the P89LPC935/932A1, UCFGL1.5 is used for Brownout Detect
Enable and UCGL1.3 is reserved.

The Clock doubler option of internal RC oscillator is configured by bit UCFG2.7 in the
P89LPC9351/9321.

The factory preprogrammed value of UCFG1 and UCFG2 is 0x63 and 0x00 respectively.
This means the trip voltage of BOD reset is 2.4V,and the CPU clock source is the internal
RC oscillator of 7.373MHz.

Please refer to the P89LPC9351/9321 UM for details.

Table 1. Flash User Configuration Byte 1 (UCFG1) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol WDTE RPE BOE1 WDSE BOEO FOSC2 FOSC1 FOSCO
Unprogram 0 1 0 0 0 0 1 1

med value

Table 2. Flash User Configuration Byte 2 (UCFG2) bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol CLKDBL - - - - - - -
Unprogram 0 X X X X X X X
med value
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Compared with the LPC935/932A1, the LPC9351/9321 achieves lower power

consumption in power down mode.

With external crystal option, the LPC9351 can implement 32 KHz WDT. Lower power

consumption can be achieved.

Table 3. P89LPC9351/9321 lppgpa) and Iopgpd), Voo = 3.3 V, Tamb = 25 °C

Parameter

IpD(pd)
Power-down mode
supply current

IbD(tpd)
Total Power-down
mode supply current

Test Condition

Using IRC with the following functions disabled:
comparators, real-time clock and watchdog timer.

Using IRC with the following functions disabled:
comparators, real-time clock. 32KHz watchdog timer
enabled.

Using IRC with the following functions disabled:
comparators, brownout detect, real-time clock and
watchdog timer.

Using IRC with the following functions disabled:
comparators, brownout detect, real-time clock. 32KHz
watchdog timer enabled.

Using IRC with the following functions disabled:
comparators, brownout detect. 32KHz watchdog timer
and 32KHz real-time clock enabled.

Min

Typ
20

38

0.5

20

22

Max Unit

HA

BA

HA

HA

BA

Please refer to P89LPC9351/9321 DS for details.

12. Difference in Keil IDE

AN10765_1

The definition of User configuration bytes may be different according to the part number
of LPC900. So it's better to use configuration wizard to edit START900.A51 in Keil IDE.

To implement this, first find the option for the LPC9351/9321 and then configure UCFGL1,
UCFG2 and so on according to users’ application. Fig 4 gives Keil uVision3 editor

window.
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7 test9351 - Bision3 - [D:\LPCI351\START900.A51*]
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| Value

i (5] Flash User Configuration Byte 1 (UCFGI)

i i-FOSC (UCFG1.0 .. UCFG1.2)
i..BOEL: (UCFG1.3) Brownout Detect Configuration
i WDSE: (UCFG1.4) Watchdog Safety Enable
-BOEQ: {UCFG1.5) Brownout Detect Configuration
- RPE: (UCFG1.6) Reset Pin {P1.5) Enzble

i L. \WDTE: (UCFG1.7) Watchdog timer reset enable

] Flash User Configuration Byte 2 (UCFG2)

- Boot Vector (BOOTVEC)

[#]- Boot status {(BOCTSTAT)

Internal RC osdillator {7.373MHz +/- 2.5 percent)

i U e |

[#1-Flash Security Configuration

Text Editor 1\__Conf|_g_||ration Wizard f

alsuw®

B sTARTS00. Blinky.c

Fig 4. Keil uVision3 editor window

13. ISP/IAP mode

The ISP/IAP mode of the P89LPC9351/9321 is the same as that of the

P89LPC935/932A1.

14. Parallel programming

The P89LPC9351/9321 can be programmed using the same algorithm as the

P89LPC935/932A1.

AN10765_1
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15. Legal information

P89LPC9351/9321 migration

15.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

15.2 Disclaimers

General — Information in this document is believed to be accurate and
reliable. However, NXP Semiconductors does not give any representations
or warranties, expressed or implied, as to the accuracy or completeness of
such information and shall have no liability for the consequences of use of
such information.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

AN10765_1

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in medical, military, aircraft,
space or life support equipment, nor in applications where failure or
malfunction of a NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is for the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

15.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are property of their respective owners.
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