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Royal Philips at A Glance
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• One of the world’s biggest 
electronics companies

• Europe’s largest 
electronics company, 
EUR 32.3 billion in sales 
in 2001.

• Global leader in:
– Television
– Lighting
– Medical equipment
– One-chip TV products

• 186,000 employees in 
more than 60 countries.
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Philips Semiconductors at A Glance

Philips Semiconductors
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Website Address

http://www.semiconductors.philips.com/microcontrollers/
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Philips MCU Core Roadmap

Memory Size

12-Clock C51

6-Clock C51

16-bit XA

1

10

100

64 KB 1 MB 16 MB

8-bit 

32/16-bit

51MX

2 KB

Th
ro

ug
hp

ut

16-bit

ARM7TDMI-S

LPC900

2-Clock C51
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P89LPC932
Low-Power 3V Flash MCU

• 0.35µFlash Process
– 8KB 3V Low-Power IAP/ISP Flash
– 512B EEPROM
– 768B SRAM

• 6x Accelerated 80C51 core
– Improved speed, power & EMC

• Innovative peripherals
– Enh. UART + Baudrate Generator
– 3Mb/s SPI & 400 Kb/s I2C serial I/O
– 16-bit Capture/Compare/PWM Unit

• Packages: TSSOP/PLCC/HVQFN28
• Low Cost Development

– Starter kits (around $50)
– In-Circuit Debugger/Compiler

All-in-one Package (under $200)
– Full Trace Emulation (under $500)

Philips Semiconductors

Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM
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Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

1: Memory
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LPC932 Program Memory

• Low-power 2.4V to 3.6V 
operating range.

• 8 sectors (1KB), 128 
pages (64B).

• 2ms page write 
operation.

• 2ms page/sector/array 
erase operation.

• Individual security 
protection for each 
sector.

8 KB Flash Code
Memory Space

Sector 0

Sector 1

Sector 2

Sector 3

Sector 4

Sector 5

Sector 6

ISP Code
Sector 7

IAP routines
In-Application

Programming (IAP)
Routines

In-System
Programming (ISP)

Serial Loader

Flexible Choices:
• As supplied (UART)
• User-defined (other 

Interfaces)
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LPC932 Data Memory

• 512B EEPROM
– Byte read, Byte write, Byte 

erase.
– Page fill (64B) and block fill 

(512B)
– SFR Interface (Control, 

Address, Data)
• 256B Standard RAM
• 512B Auxiliary RAM

XRAMRAM

RAM
(256B)

AUX
RAM

(512B)

Data
EEPROM

Data
EEPROM

(512B)

[SFR Access]
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Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

2: CCU
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LPC932 CCU Block Diagram 16-bit PWM 
Capture/ 
Compare32

xP
LL

16-Bit
Up / Down 
Timer with

Reload

Compare Channel A

OCD
OCC
OCB
OCA

Capture Channel A

ICB
ICA

Compare Channel B
Compare Channel C

Compare Channel D

Capture Channel B

Compare Unit

Capture Unit
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Compare Unit Block Diagram
How to generate PWM signals

• Compare event between CCU Timer 
and Compare value triggers one of 3 
ways to generate PWM signals:
– Asymmetrical PWM
– Symmetrical PWM
– “Alternate Output Mode”

16-Bit Timer 
Reload Register

16-Bit Up / Down 
Timer with

Reload

16-bit shadow
registers

Overflow / 
Underflow

16-bit shadow
registers

16-Bit Compare
Value

Timer > Compare?
(Y: Pin=L / N: Pin=H)

Compare Channels A-D Default

OCD
OCC
OCB
OCA

16-bit PWM 
Capture/ 
Compare32

xP
LL
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Asymmetrical PWM 16-bit PWM 
Capture/ 
Compare32

xP
LL

Compare Value

TimerValue

Non-
Inverted

Inverted

0000h

PWM-Timer
Reload Value

OCx
H

L

OCx
H

L
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Asymmetrical PWM usage

• Used for Stepper Motor Control, Dimming lights, generating analog 
outputs with a simple filter.

• Also known as edge-aligned PWM.

OCx

OCy

OCz

Compare Value x
Compare Value y
Compare Value z TimerValue

Reload Value

0000h

16-bit PWM 
Capture/ 
Compare32

xP
LL
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Symmetrical PWM 16-bit PWM 
Capture/ 
Compare32

xP
LL

OCx
H

L

OCx
H

L

Compare Value

TimerValue

Non-
Inverted

Inverted

0000h

PWM-Timer
Reload Value
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Symmetrical PWM usage

• Used for motor control
• Also known as center-aligned PWM

OCx

OCy

OCz

Compare Value x
Compare Value y
Compare Value z

TimerValue

Reload Value

0000h

16-bit PWM 
Capture/ 
Compare32

xP
LL
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Alternate Output Mode 16-bit PWM 
Capture/ 
Compare32

xP
LL

Compare Value 1

Compare Value 2
Timer Value

PWM Output 1

PWM Output 2
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Capture Unit Block Diagram
How to evaluate external signals

• Capture Event at Capture Inputs triggers 
transfer of CCU timer register into 
corresponding Capture register.

• Interrupt can be generated.

16-Bit Capture
Register

Capture Channels A,B

Noise 
Filter

Edge 
Select

Interrupt flag

16-Bit Timer 
Reload Register

16-Bit Up / Down 
Timer with

Reload

16-bit shadow
register

Overflow / 
Underflow

ICB

ICAEvent
Counter

16-bit PWM 
Capture/ 
Compare32

xP
LL
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Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

3: Timer
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• Two 16-bit timers as known from 80C51 architecture.
• Count input/toggle output available for both timers.
• Timer operation can be gated with INT0 / INT1 pins.
• Standard operating modes:

– Mode 0: 8-bit Timer / Counter with 5-bit Prescaler
– Mode 1: 16-bit Timer / Counter
– Mode 2: 8-bit Timer / Counter with Auto Reload
– Mode 3: T0 = Two 8-bit Timers

• New Mode 6: Simple 8-bit PWM signal generation
– Similar to Mode 2, but reload value represents PWM 

signal duty cycle

Timer 0 / Timer 1 Timer
0/1

16-bit

Timer
0 INT0

Timer
1

T1

INT1
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Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

4: I/O Ports
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Programmable I/O Ports
• All I/O pins except three support four output modes:

Quasi-bidirectional, Push-Pull, Input Only, Open drain
• 20mA sink current/pin (80mA overall limit)
• Slew-rate controlled pin output drivers (10ns rise/fall time)

Ports
0, 1, 2, 3

CLKOUT / XTAL2 / P3.0
INT1 / P1.4

P0.2 / CIN2A / KBI2

1
2
3
4
5
6
7
8

28
27
26
25
24
23
22
21

ICB / P2.0
OCD / P2.1

OCC / P1.7
OCB / P1.6
RST / P1.5

P2.7 / ICA
P2.6 / OCA
P0.1 / CIN2B / KBI1

P0.3 / CIN1B / KBI3
P0.4 / CIN1A / KBI4

XTAL1 / P3.1
P0.5 / CMPREF / KBI5
VDD

KBI0 / CMP2 / P0.0

VSS

9
10
11
12
13
14

20
19
18
17
16
15

SDA / INT0 / P1.3
SCL / T0 / P1.2

MOSI / P2.2
MISO / P2.3

P1.1 / RxD

P0.6 / CMP1 / KBI6
P0.7 / T1 / KBI7
P1.0 / TxD

P2.5 / SPICLK
P2.4 / SS

P89LPC
932
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Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

5: Enhanced UART+ BRG
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Enhanced UART with Integrated 
Baud Rate Generator
• Dedicated high-accuracy Baud Rate 

Generator
– None of the on-chip timers needed for UART 

operation
• Break character detection
• Framing error detection
• Overrun error detection
• Transmit can be Double-Buffered

– Allows Serial I/O ‘back-to-back’ byte 
transmission

• Transmit interrupt control (begin or end 
of stop bit)

• Option to split Tx/Rx interrupt
– Enables easy Full-Duplex Serial I/O

Enhanced
UART + Baud

Rate 
Generator

RxD

TxD

Enh.
UART



Semiconductors CMP NetSeminar LPC932. 10/24/02.  P25

Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

6: I2C Interface
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I2C Interface

• Byte-oriented I2C interface
• 7-bit addressing
• Speed up to 400kbit/s
• Four operation modes

– Master Transmitter mode
– Master Receiver mode
– Slave Transmitter mode
– Slave Receiver mode

• Used for communication with other I2C-
equipped devices

I2C

I2C Interface
SDA

SCL
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Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

7: Serial Peripheral Interface
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Serial Peripherals Interface (SPI)

• High-speed serial communication interface
• Full-duplex, synchronous communication 

bus with two operation mode
– Master mode
– Slave mode

• Speed up to 3Mbit/s
• Used for communication with other SPI-

equipped devices

SPI

SPI Interface

MISO

MOSI

SPICLK

SS
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Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

8: Analog Comparators
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Comparators Analog
Comparators

+ −+ −

CIN2A

CIN2B

CP2

CN2

CO2

OEN2

CMP2

Change Detect
InterruptCMF2

++

--

CIN1A

CIN1B

CP1

CMPREF

Vref
CN1

CO1

OEN1

CMP1

Change Detect
Interrupt

++

--

Comparator 2

Comparator 1

CMF1
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Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

9: Keypad Interrupts
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Keypad Interrupts Keypad/
Pattern Match

Interrupt

P0.0
KBMASK.0

KBMASK.1
P0.1

KBMASK.2
P0.2

KBMASK.3
P0.3

KBMASK.5

KBMASK.4
P0.4

P0.5

KBMASK.6
P0.6

KBMASK.7
P0.7

KBIF

EKBI

0 = pattern must match to generate IR
1 = pattern must differ to generate IR

KBPATN Keypad Pattern Register

KeypadKeypad
InterruptInterrupt

PATN_SEL
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Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

10: Clock Tree
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Clock Tree and Clock Signals Internal ±2.5%
7.3728 MHz

RC Oscillator

Real-Time
Clock /

System Timer

CPU

Watchdog 
Oscillator 

RC
Oscillator ÷ 2

DIVM

WDT
(7.3728MHz ±2.5%)

(400KHz +20 -30%)

SPII2C UART
Timer
0 & 1

Oscillator 
Clock

CPU
Clock

Peripheral Clock

XTAL1

XTAL2

CCU

32x PLL

High Freq.
Med Freq.
Low Freq.
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Analog
Comparators

Power Management, RTC, WDT,
power-on-reset, brownout detect

Enh.
UART

Ports
0, 1, 2, 3

+ −+ −

Keypad/
Pattern Match

Interrupt

Internal ±2.5%
7.3728 MHz

RC Oscillator

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

11: System Supervisory Functions
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Real Time Clock /
System Timer
• 16-bit down-counter with 7-bit prescaler
• Can be used to wake up the device from Power-Down
• Can generate an interrupt on underflow

23-bit down counter 7-bit prescaler

RTCH RTCL

Power-On Reset

LSBMSB
÷ 128

16-bit RTC Reload Value

RTC Reset

Reload on underflow

Power Management, RTC, WDT,
power-on-reset, brownout detect
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Power Management

Normal Mode

Idle Mode

Power Down

Total Power 
Down Mode

Core and Peripherals running, but 
individual peripherals can be powered 
down with PCONA.

The core is turned off, peripherals still run 
or can be powered down with PCONA. 

Only System timer/ RTC, Comparators, 
BOD, WDT can still run (if enabled).

Only System timer / RTC and WDT can still 
run (if enabled).

Power Management, RTC, WDT,
power-on-reset, brownout detect
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Data
EEPROM

Power Management

• PCONA register can power-down unused peripherals

RTCPD

Data
EEPROM

DEEPD VCPD - I2PD SPPD SPD CCUPD

Comparators

SPI

Power Management, RTC, WDT,
power-on-reset, brownout detect

CCU

UARTI2C
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Brown-Out-Detect

• Determines if the operation voltage drops below a certain level

t

3

4
3.6V

2.4V
2.7V

0

No Brownout Condition

Brownout Condition
Interrupt or Reset

VDD
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Planned LPC900 Family

LPC90x 
8 pins

LPC90x
1KB/128

LPC90x
2KB/256

8-bit ADC

LPC91x 
14/16 pins

LPC92x 
20 pins

LPC93x 
28 pins

LPC91x
1KB/128

LPC91x
2KB/256

8-bit ADC

LPC920
2KB/256

LPC921
4KB/64/256

LPC922
8KB/64/256

LPC930
4KB/64/256

SPI

LPC931
8KB/64/256

SPI

LPC932
8KB/512/768

CCU, SPI

LPC95x 
44/48 
pins

LPC93x
8KB/512/768
10-bit ADC

LPC92x
8KB512/768
10-bit ADC

• Q4 ‘02
• Q2 ‘03
• Q3 ‘03
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LPC900 Family – Package Trends

Pin-Density

Fu
nc

tio
na

lit
y

91x

90x

92x

93x

94x

95x

96x

97x

98x

99x

8-pin
SO/DIP

14/16-pin
TSSOP/DIP

20-pin
TSSOP/DIP

28-pin
TSSOP/PLCC

80-pin
LQFP

64-pin
LQFP

44-pin
LQFP/PLCC

48-pin
HVQFN/MLF

28-pin
HVQFN/MLF

<20-pin
DQFN

>80-pin
LFBGA
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Summary
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P89LPC932 – Low Power 3V Flash MCU

The Core:
• Real 6x Accelerated 

80C51 Core
• Improved Speed, Power, 

& EMC
• 167ns Instruction Cycle 

Time @ 12MHz
600% Accelerated C51 Core

P89LPC93x
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The Memory:
• Low-Power 3V Flash up 

to 8KB (0.35µ)
– In-System / In-Application 

Programming (ISP/IAP)
– 2ms Page Program/Erase

• 512Byte Data E2PROM
• Up to 768Byte SRAM

600% Accelerated C51 Core

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

P89LPC93x

P89LPC932 – Low Power 3V Flash MCU
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The Peripherals:
• Capture/Compare Unit

– 4-channel, 0-16 bit PWM 
with 32x PLL

– Up to 32KHz PWM with 
10-bit resolution

– 32MHz max. Timer
• Two 16-bit Timers 0/1 

with 8-bit   PWM option
• Four configurable I/O 

Ports

P89LPC932 – Low Power 3V Flash MCU

Ports
0, 1, 2, 3

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM

P89LPC93x
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More Peripherals:
• Enhanced UART

– Baud Rate Generator
– Break Detection
– LIN Support

• I2C Interface –
400 Kbit/s

• Serial Peripherals 
Interface – 3Mbit/s

P89LPC932 – Low Power 3V Flash MCU

P89LPC93x

Enh.
UART

Ports
0, 1, 2, 3

600% Accelerated C51 Core

16-bit PWM 
Capture/ 
Compare32

xP
LL

I2C SPI

Timer
0/1

16-bit

8K ISP
IAP

Flash

512B
Data

EEPROM

768B
SRAM



Semiconductors CMP NetSeminar LPC932. 10/24/02.  P47

More Peripherals:
• Two Analog Comparators
• Keypad/Pattern Match 

Interrupt
• ± 2.5% On-chip Oscillator

– 7.3728MHz for Standard
– Asynchronous Baud Rates

P89LPC932 – Low Power 3V Flash MCU
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System-Supervisory:
• Flexible Power 

Management
• Real-Time Clock
• Watchdog Timer
• Power-on Reset
• Brown-out Detect

P89LPC932 – Low Power 3V Flash MCU
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The Packages:
• 28-pin TSSOP & PLCC
• Up to 26-pin can be used 

for I/O!
• Consistent Packages / 

Pin-outs planned from
8 pins to 80 pins

P89LPC932 – Low Power 3V Flash MCU
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Philips LPC:
• LLow PPin CCount
• LLow PPower CConsumption
• LLow PPart CCount
• LLow PPart CCost

P89LPC932 – Low Power 3V Flash MCU
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