e UM10736

BUS LPC15xx User manual
Rev. 1.1 — 3 March 2014

User manual
CERTIFIED USB

Document information

Info Content

Keywords LPC1500, LPC1500 User manual , LPC15xx UM, LPC15xx User manual,
LPC1549, LPC1548, LPC1547, LPC1519, LPC1518, LPC1517

Abstract LPC15xx User manual

h
P |



NXP Semiconductors UM10736

LPC15xx User manual

Revision history

Rev Date Description
1.1 20140303 LPC15xx User manual

Modifications:  ® Section 5.4.2 “Criterion for valid user code” corrected: If the signature is not valid, the part enumerates
as USB MSC. Also see Figure 7.

* Number of bits corrected in Table 228 “SCT event state mask registers 0 to 15 (EV[0:15] STATE,
addresses 0x1C01 8300 (EVO_STATE) to 0x1C01 8378 (EV15_STATE) (SCTO0) and 0x1C01 C300
(EVO_STATE) to 0x1C01 C378 (EV15_STATE) (SCT1)) bit description”.

* Figure 11 “Example: Connect function U0 _RXD and UO_TXD to pins” corrected.
1 20140213 First LPC15xx User manual revision

Contact information

For more information, please visit: http://www.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com

UM10736 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.

User manual Rev. 1.1 — 3 March 2014 2 of 759




UM10736

Chapter 1: LPC15xx Introductory information
Rev. 1.1 — 3 March 2014 User manual

1.1 Introduction

1.2 Features

The LPC15xx are ARM Cortex-M3 based microcontrollers for embedded applications
featuring a rich peripheral set with very low power consumption. The ARM Cortex-M3 is a
next generation core that offers system enhancements such as enhanced debug features
and a higher level of support block integration.

The LPC15xx operate at CPU frequencies of up to 72 MHz. The ARM Cortex-M3 CPU
incorporates a 3-stage pipeline and uses a Harvard architecture with separate local
instruction and data buses as well as a third bus for peripherals. The ARM Cortex-M3
CPU also includes an internal prefetch unit that supports speculative branching.

The LPC15xx include up to 256 kB of flash memory, 32 kB of ROM, a 4 kB EEPROM, and
up to 36 kB of SRAM. The peripheral compliment includes one full-speed USB 2.0 device,
two SPI interfaces, three USARTS, one Fast-mode Plus I2C-bus interface, one C_CAN
module, PWM/timer subsystem with four configurable, multi-purpose State Configurable
Timers (SCTimer/PWM) with input pre-processing unit, a Real-time clock module with
independent power supply and a dedicated oscillator, two 12-channel/12-bit,

2 Msamples/sec ADCs, one 12-bit, 500 kSamples/sec DAC, four voltage comparators
with internal voltage reference, and a temperature sensor. A DMA engine can service
most peripherals.

For additional documentation, see Section 45.2 “References”.

UM10736

* System:
— ARM Cortex-M3 processor, running at frequencies of up to 72 MHz.
— ARM Cortex-M3 built-in Nested Vectored Interrupt Controller (NVIC).
— System tick timer.
— Serial Wire Debug (SWD) with four breakpoints and two watchpoints.
— Single-cycle multiplier supported.
— Memory Protection Unit (MPU) included.

* Memory:

— Up to 256 kB on-chip flash programming memory with 256 Byte page write and
erase.

— Up to 36 kB SRAM.
— 4 kB EEPROM.
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ROM API support:

Boot loader with boot options from flash or external source via USART, C_CAN, or
USB

USB drivers
ADC drivers
SPI drivers
USART drivers
12C drivers

Power profiles and power mode configuration with low-power mode configuration
option

DMA drivers
C_CAN drivers
Flash In-Application Programming (IAP) and In-System Programming (ISP).

Digital peripherals:

Simple DMA engine with 18 channels and 20 programmable input triggers.

High-speed GPIO interface with up to 76 General-Purpose /O (GPIO) pins with
configurable pull-up/pull-down resistors, open-drain mode, input inverter, and
programmable digital glitch filter.

GPIO interrupt generation capability with boolean pattern-matching feature on
eight external inputs.

Two GPIO grouped port interrupts.

Switch matrix for flexible configuration of each I/O pin function.
CRC engine.

Quadrature Encoder Interface (QEI).

Configurable PWM/timer/motor control subsystem:

Up to four 32-bit counter/timers or up to eight 16-bit counter/timers or combinations
of 16-bit and 32-bit timers.

Up to 28 match outputs and 22 configurable capture inputs with input multiplexer.
Dither engine for improved average resolution of pulse edges.

Four State Configurable Timers (SCTimers) for highly flexible, event-driven timing
and PWM applications.

SCT Input Pre-processor Unit (SCTIPU) for processing timer inputs and immediate
handling of abort situations.

Integrated with ADC threshold compare interrupts, temperature sensor, and analog
comparator outputs for motor control feedback using analog signals.

Special-application and simple timers:

24-bit, four-channel, multi-rate timer (MRT) for repetitive interrupt generation at up
to four programmable, fixed rates.

Repetitive interrupt timer for general purpose use.
Windowed Watchdog timer (WWDT).
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High-resolution 32-bit Real-time clock (RTC) with selectable 1 s or 1 ms time
resolution running in the always-on power domain. RTC can be used for wake-up
from all low power modes including Deep power-down.

Analog peripherals:

Two 12-bit ADC with up to 12 input channels per ADC and with multiple internal
and external trigger inputs and sample rates of up to 2 Msamples/s. Each ADC
supports two independent conversion sequences. ADC conversion clock can be
the system clock or an asynchronous clock derived from one of the three PLLs.

One 12-bit DAC.
Integrated temperature sensor and band gap internal reference voltage.

Four comparators with external and internal voltage references (ACMPO to 3).
Comparator outputs are internally connected to the SCTimer/PWMs and ADCs and
externally to pins. Each comparator output contains a programmable glitch filter.

Serial interfaces:

Three USART interfaces with DMA, RS-485 support, auto-baud, and with
synchronous mode and 32 kHz mode for wake-up from Deep-sleep and
Power-down modes. The USARTs share a fractional baud-rate generator.

Two SPI controllers.

One 12C-bus interface supporting fast mode and Fast-mode Plus with data rates of
up to 1Mbit/s and with multiple address recognition and monitor mode.

One C_CAN controller.
One USB 2.0 full-speed device controller with on-chip PHY.

Clock generation:

12 MHz internal RC oscillator trimmed to 1 % accuracy for —25 °C < Tgmp < +85 °C
that can optionally be used as a system clock.

Crystal oscillator with an operating range of 1 MHz to 25 MHz.
Watchdog oscillator running at the fixed frequency of 503 kHz.
32 kHz low-power RTC oscillator with 32 kHz, 1 kHz, and 1 Hz outputs.

System PLL allows CPU operation up to the maximum CPU rate without the need
for a high-frequency crystal. May be run from the system oscillator or the internal
RC oscillator.

Two additional PLLs for generating the USB and SCTimer/PWM clocks.

Clock output function with divider that can reflect the crystal oscillator, the main
clock, the IRC, or the watchdog oscillator.

Power control:

Integrated PMU (Power Management Unit) to minimize power consumption.

Reduced power modes: Sleep mode, Deep-sleep mode, Power-down mode, and
Deep power-down mode.

APIs provided for optimizing power consumption in active and sleep modes and for
configuring Deep-sleep, Power-down, and Deep power-down modes.

Wake-up from Deep-sleep and Power-down modes on activity on USB, USART,
SPI, and 12C peripherals.
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Wake-up from Sleep, Deep-sleep, Power-down, and Deep power-down modes
from the RTC alarm or wake-up interrupts.

Timer-controlled self wake-up from Deep power-down mode using the RTC
high-resolution/wake-up 1 kHz timer.

Power-On Reset (POR).
BrownOut Detect BOD).

JTAG boundary scan modes supported.

Unique device serial number for identification.

Single power supply 2.4 V to 3.6 V.

Temperature range -40 °C to +105 °C.
Available as LQFP100, LQFP64, and LQFP48 packages.
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1.3 Block diagram

LPC15xx
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Grey-shaded blocks show peripherals that can provide hardware triggers for DMA transfers or have DMA request lines.

Fig 1. Block diagram
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1.4 Functional description

1.4.1 Architectural overview

The ARM Cortex-M3 includes three AHB-Lite buses, one system bus and the I-code and
D-code buses. One bus is dedicated for instruction fetch (I-code), and one bus is
dedicated for data access (D-code). The use of two core buses allows for simultaneous
operations if concurrent operations target different devices.

A multi-layer AHB matrix connects the Cortex-M3 buses and other bus masters to
peripherals in a flexible manner that optimizes performance by allowing peripherals on
different slaves ports of the matrix to be accessed simultaneously by different bus
masters. Details of the multilayer matrix connections are shown in Figure 2.

APB peripherals are connected to the CPU via two APB buses using separate slave ports
from the multilayer AHB matrix. This allows for better performance by reducing collisions
between the CPU and the DMA controller. The APB bus bridges are configured to buffer

writes so that the CPU or DMA controller can write to APB devices without always waiting
for APB write completion.

1.4.2 ARM Cortex-M3 processor

The ARM Cortex-M3 is a general purpose 32-bit microprocessor, which offers high
performance and very low power consumption. The Cortex-M3 includes a Thumb-2
instruction set and provides low interrupt latency, hardware divide,
interruptible/continuable multiple load and store instructions, automatic state save and
restore for interrupts, tightly integrated interrupt controller, and multiple core buses
capable of simultaneous accesses.

Pipeline techniques are employed so that all parts of the processing and memory systems
can operate continuously. Typically, while one instruction is being executed, its successor
is being decoded, and a third instruction is being fetched from memory.

1.4.2.1 Cortex-M3 Configuration Options
The LPC15xx uses the r2pl version of the Cortex-M3 CPU, which includes a number of
configurable options, as noted below.

System options:

* The Nested Vectored Interrupt Controller (NVIC) is included.
* SYSTICK timer is included.
¢ Single-cycle multiplier supported.
* A Memory Protection Unit (MPU) is included.
* A ROM Table in included. The ROM Table provides addresses of debug components
to external debug systems.
Debug related options:

¢ Serial Wire Debug is included. Serial Wire Debug allows debug operations using only
two wires, simple trace functions can be added with a third wire.

UM10736 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.
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¢ The Data Watchpoint and Trace (DWT) unit is included. The DWT allows data
address or data value matches to be trace information or trigger other events. The
DWT includes four comparators and counters for certain internal events.

¢ An Instrumentation Trace Macrocell (ITM) is included. Software can write to the ITM in
order to send messages to the trace port.

* The Trace Port Interface Unit (TPIU) is included. The TPIU encodes and provides
trace information to the outside world using the serial wire output pin function.

PWM/timer/motor control subsystem

The SCTs (State Configurable Timers) and the analog peripherals support multiple ways
of interconnecting their inputs and outputs and of interfacing to the pins and the DMA
controller. Using the highly flexible and programmable connection scheme makes it easy
to configure various subsystems for motor control and complex timing and tracking
applications. Specifically, the inputs to the SCTs and the trigger inputs of the ADCs and
DMA are selected through the input mux which offers a choice of many possible sources
for each input or trigger. SCT outputs are assigned to pins through the switch matrix
allowing for many pinout solutions.

PWW!/timer subsystem

The SCTs can be configured to build a PWM controller with multiple outputs by
programming the MATCH and MATCHRELOAD registers of the SCTs to control the base
frequency and the duty cycle of each SCT output. More complex waveforms that span
multiple counter cycles or change behavior across or within counter cycles can be
generated using the state capability built into the SCT timers.

Combining the PWM functions with the analog functions, the PWM output can react to
control signals like comparator outputs or the ADC interrupts. The SCT IPU adds
emergency shut-down functions and pre-processing of controlling events. For an overview
of the PWM subsystem, see Figure 2 “PWM-Analog subsystem”.
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The timers, the analog components, and the DMA can be configured to form a subsystem
that can run independently of the main processor under the control of the SCTs and any
events that are generated by the A/D converters, the comparators, the SCT output
themselves, or the external pins. A/D conversions can be triggered by the timer outputs,
the comparator outputs or by events from external pins. Data can be transferred from the
ADCs to memory using the DMA controller, and the DMA transfers can be triggered by the

ADCs, the comparator outputs, or by the timer outputs.

For an overview of the subsystem, see Figure 3 “Subsystem with timers, switch matrix,
DMA, and analog components”.
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Subsystem with timers, switch matrix, DMA, and analog components

DMA
I:l analog peripheral
—| %
I:l digital peripheral —| =
5
o
z
ADCO/ADC1
| 2 2
------------------------------------------------- --t----->» O] N
17}
g Ok
S| (52 NVIC
< N >
- w
ok
<
7}
> % E
o | |E
Ly —| &
L TIMERO (SCTO0)
>« n
> 2 | TIMERL (SCTY) | 5
| = =
5 [
SCTIPU Z2 | TMER2(scT2) | 5 .
L, S 1)
Ly| =
— TIMERS3 (SCT3)
x
E| =
= | AcmPO s v
o 2 =
8| Acmpi |5 o
par} o =
< | AcMP2 | E =
Z > 0
<[ acmp3 | © >
DAC_SHUTOFF N DAC .
aaa-010874

UM10736

All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2014. All rights reserved.

User manual

Rev. 1.1 — 3 March 2014

11 of 759



UM10736

Chapter 1: LPC15xx Memory mapping

Rev. 1.1 — 3 March 2014 User manual

1.1 How to read this chapter

USB is not available on parts LPC1519/18/17.

1.2 General description

UM10736

1.2.1

The LPC15xx incorporates several distinct memory regions. Figure 1 shows the overall
map of the entire address space from the user program viewpoint following reset.

The APB peripheral area is 2 x 512 kB in size and is divided to allow for two blocks of up
to 32 peripherals. Each peripheral is allocated 16 kB of space simplifying the address
decoding.

The registers incorporated into the ARM Cortex-M3 core, such as NVIC, SysTick, and
sleep mode control, are located on the private peripheral bus.

SRAM

The parts contain a total 36 kB, 20 kB or 12 kB of contiguous, on-chip static RAM memory.
For each SRAM configuration, the SRAM is divided into three blocks: 2 x 16 kB + 4 kB for
36 kB SRAM, 2 x 8 kB + 4 kB for 20 kB SRAM, and 2 x 4 kB + 4 kB for 12 kB SRAM. The
bottom 16 kB, 8 kB, or 4 kB are enabled by the boot loader and cannot be disabled. The

next two SRAM blocks in each configuration can be disabled or enabled individually in the

SYSCON block to save power. See Section 3.6.22 “System clock control register 0”.

Table 1. LPC15xx SRAM configurations
SRAMO SRAM1 SRAM2
LPC1549/19 (total SRAM = 36 kB)
Address range 0x0200 0000 to 0x0200 4000 to 0x0200 8000 to
0x0200 3FFF 0x0200 7FFF 0x0200 8FFF
Size 16 kB 16 kB 4 kB
Control cannot be disabled disable/enable disable/enable
Default enabled enabled enabled

LPC1548/18 (total SRAM = 20 kB)

Address range

0x0200 0000 to

0x0200 2000 to

0x0200 4000 to

0x0200 1FFF 0x0200 3FFF 0x0200 4FFF
Size 8 kB 8 kB 4 kB
Control cannot be disabled disable/enable disable/enable
Default enabled enabled enabled

LPC1547/17 (total SRAM =12 kB)

Address range 0x0200 0000 to 0x0200 1000 to 0x0200 2000 to
0x0200 OFFF 0x0200 1FFF 0x0200 2FFF

Size 4 kB 4 kB 4 kB

Control cannot be disabled disable/enable disable/enable

Default enabled enabled enabled
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The private peripheral bus includes the ARM Cortex-M3 peripherals such as the NVIC, SysTick, and the core control registers.

Fig 1.

Memory mapping
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1.2.4 Memory Protection Unit (MPU)

The Cortex-M3 processor has a memory protection unit (MPU) that provides fine grain
memory control, enabling applications to implement security privilege levels, separating
code, data and stack on a task-by-task basis. Such requirements are critical in many
embedded applications.

The MPU register interface is located on the private peripheral bus and is described in
detall in Ref. 1.
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2.1 How to read this chapter

USB is available on parts LPC1549/48/47.

2.2 Features

* Nested Vectored Interrupt Controller that is an integral part of the ARM Cortex-M3.
¢ Tightly coupled interrupt controller provides low interrupt latency.

¢ Controls system exceptions and peripheral interrupts.

* The NVIC supports 47 vectored interrupts.

* Eight programmable interrupt priority levels with hardware priority level masking.

¢ Software interrupt generation using the ARM exceptions SVCall and PendSV.

¢ Support for NMI.

* ARM Cortex-M3 Vector table offset register VTOR implemented.

2.3 General description

The Nested Vectored Interrupt Controller (NVIC) is an integral part of the Cortex-M3. The
tight coupling to the CPU allows for low interrupt latency and efficient processing of late
arriving interrupts.

2.3.1 Interrupt sources

Table 2 lists the interrupt sources for each peripheral function. Each peripheral device
may have one or more interrupt lines to the Vectored Interrupt Controller. Each line may
represent more than one interrupt source. The interrupt number does not imply any
interrupt priority.

See Ref. 1 for a detailed description of the NVIC and the NVIC register description.

Table 2.  Connection of interrupt sources to the NVIC

Interrupt  Name Description Flags

number

0 WDT Windowed watchdog timer ~ WARNINT - watchdog warning interrupt
interrupt

1 BOD BOD interrupt BODINTVAL - BOD interrupt level

2 FLASH Flash controller -

3 EE EEPROM controller interrupt -

4 DMA DMA Interrupt A and interrupt B, error interrupt

5 GINTO GPIO groupO interrupt Enabled pin interrupts

6 GINT1 GPIO groupl interrupt Enabled pin interrupts
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Table 2. Connection of interrupt sources to the NVIC
Interrupt  Name Description Flags
number
7 PIN_INTO Pin interrupt O or pattern PSTAT - pin interrupt status
match engine slice 0
interrupt
8 PIN_INT1 Pin interrupt 1 or pattern PSTAT - pin interrupt status
match engine slice 1
interrupt
9 PIN_INT2 Pin interrupt 2 or pattern PSTAT - pin interrupt status
match engine slice 2
interrupt
10 PIN_INT3 Pin interrupt 3 or pattern PSTAT - pin interrupt status
match engine slice 3
interrupt
11 PIN_INT4 Pin interrupt 4 or pattern PSTAT - pin interrupt status
match engine slice 4
interrupt
12 PIN_INT5 Pin interrupt 5 or pattern PSTAT - pin interrupt status
match engine slice 5
interrupt
13 PIN_INT6 Pin interrupt 6 or pattern PSTAT - pin interrupt status
match engine slice 6
interrupt
14 PIN_INT?7 Pin interrupt 7 or pattern PSTAT - pin interrupt status
match engine slice 7
interrupt
15 RIT RIT interrupt RITINT; masked compare interrupt
16 SCTO State configurable timer EVFLAG SCT event
interrupt
17 SCT1 State configurable timer EVFLAG SCT event
interrupt
18 SCT2 State configurable timer EVFLAG SCT event
interrupt
19 SCT3 State configurable timer EVFLAG SCT event
interrupt
20 MRT Multi-rate timer interrupt Global MRT interrupt.
GFLAGO
GFLAG1
GFLAG2
GFLAG3
21 UARTO USARTO interrupt See Table 350 “USART Interrupt Enable read and set
register (INTENSET, address 0x4004 000C(USARTO),
0x4004 400C (USART1), 0x400C 000C (USART?2)) bit
description”.
22 UART1 USART1 interrupt Same as UARTO
23 UART2 USART2 interrupt Same as UARTO
24 12C0 12CO0 interrupt See Table 379 “Interrupt Enable Set and read register

UM10736
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Chapter 2: LPC15xx Nested Vectored Interrupt Controller (NVIC)

Table 2. Connection of interrupt sources to the NVIC

Interrupt  Name Description Flags

number

25 SPIO SPIOQ interrupt See Table 364 “SPI Interrupt Enable read and Set

register (INTENSET, addresses 0x4004 800C (SPI0),
0x4004 C0O0C (SPI1)) bit description”.

26 SPI1 SPI1 interrupt Same as SPIO

27 C_CANO C_CANQO interrupt INTID. See Table 398.

28 uUSsB USB interrupt USB_Int_Req. See Table 342.

29 USB_FIQ USB interrupt USB_Int_Req_FIQ. See Table 342.

30 USB_WAKEUP USB wake-up interrupt USB need_clock signal

31 ADCO_SEQA ADCO sequence A See Table 445.
completion.

32 ADCO_SEQB ADCO sequence B See Table 445.
completion.

33 ADCO_THCMP ADCO threshold compare. See Table 445.

34 ADCO_OVR ADCO overrun. See Table 445.

35 ADC1_SEQA ADC1 sequence A See Table 445.
completion.

36 ADC1_SEQB ADC1 sequence B See Table 445.
completion.

37 ADC1_THCMP ADC1 threshold compare. See Table 445.

38 ADC1_OVR ADCL1 overrun. See Table 445.

39 DAC DAC interrupt Internal DMA timer overflow.

40 CMPO Analog comparator 0 COMPEDGE - rising, falling, or both edges can set the
interrupt (ACMPO) bit.

41 CMP1 Analog comparator 1 COMPEDGE - rising, falling, or both edges can set the
interrupt (ACMP1) bit.

42 CMP2 Analog comparator 2 COMPEDGE - rising, falling, or both edges can set the
interrupt (ACMP2) bit.

43 CMP3 Analog comparator 3 COMPEDGE - rising, falling, or both edges can set the
interrupt (ACMP3) bit.

44 QEI QEl interrupt See Table 321.

45 RTC_ALARM RTC alarm interrupt ALARM1HZ. See Table 272.

46 RTC_WAKE RTC wake-up interrupt WAKEHIRES. See Table 272.

2.4 Register description

UM10736

The NVIC registers are located on the ARM private peripheral bus.
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Table 3.  Register overview: NVIC (base address 0xEO00 E0QO)
Name Access Address Description Reset Reference
offset value
ISERO R/W 0x100 Interrupt Set Enable Register 0. This register allows enabling 0 Table 4
interrupts and reading back the interrupt enables for specific
peripheral functions.
ISER1 R/W 0x104 Interrupt Set Enable Register 1. Table 5
ICERO R/W 0x180 Interrupt Clear Enable Register 0. This register allows disabling 0 Table 6
interrupts and reading back the interrupt enables for specific
peripheral functions.
ICER1 R/W 0x184 Interrupt Clear Enable Register 1. Table 7
ISPRO R/W 0x200 Interrupt Set Pending Register 0. This register allows changingthe 0 Table 8
interrupt state to pending and reading back the interrupt pending
state for specific peripheral functions.
ISPR1 R/W 0x204 Interrupt Set Pending Register 1. Table 9
ICPRO R/W 0x280 Interrupt Clear Pending Register 0. This register allows changing the 0 Table 10
interrupt state to not pending and reading back the interrupt pending
state for specific peripheral functions.
ICPR1 R/W 0x284 Interrupt Clear Pending Register 1. Table 11
IABRO R 0x300 Interrupt Active Bit Register 0. This register allows reading the Table 12
current interrupt active state for specific peripheral functions.
IABR1 R 0x304 Interrupt Active Bit Register 1. Table 13
IPRO R/W 0x400 Interrupt Priority Registers 0. This register allows assigning a priority Table 14
to each interrupt. This register contains the 3-bit priority fields for
interrupts O to 3.
IPR1 R/W 0x404 Interrupt Priority Registers 1 This register allows assigning a priority 0 Table 15
to each interrupt. This register contains the 3-bit priority fields for
interrupts 4 to 7.
IPR2 R/W 0x408 Interrupt Priority Registers 2. This register allows assigning a priority 0 Table 16
to each interrupt. This register contains the 3-bit priority fields for
interrupts 8 to 11.
IPR3 R/W 0x40C Interrupt Priority Registers 3. This register allows assigning a priority 0 Table 17
to each interrupt. This register contains the 3-bit priority fields for
interrupts 12 to 15.
IPR4 R/W 0x410 Interrupt Priority Registers 4. This register allows assigning a priority 0 Table 18
to each interrupt. This register contains the 3-bit priority fields for
interrupts 16 to 19.
IPR5 R/W 0x414 Interrupt Priority Registers 5. This register allows assigning a priority 0 Table 19
to each interrupt. This register contains the 3-bit priority fields for
interrupts 20 to 23.
IPR6 R/W 0x418 Interrupt Priority Registers 6. This register allows assigning a priority 0 Table 20
to each interrupt. This register contains the 3-bit priority fields for
interrupts 24 to 27.
IPR7 R/W 0x41C Interrupt Priority Registers 7. This register allows assigning a priority 0 Table 21
to each interrupt. This register contains the 3-bit priority fields for
interrupts 28 to 31.
IPR8 R/W 0x420 Interrupt Priority Registers 8. This register allows assigning a priority 0 Table 22

UM10736

to each interrupt. This register contains the 3-bit priority fields for
interrupts 32 to 35.
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Table 3.

Chapter 2: LPC15xx Nested Vectored Interrupt Controller (NVIC)

Register overview: NVIC (base address 0xEO000 EOQQO) ...continued

Name Access Address Description

Reset Reference

offset value

IPR9 R/W 0x424 Interrupt Priority Registers 9. This register allows assigning a priority 0 Table 23
to each interrupt. This register contains the 3-bit priority fields for
interrupts 36 to 39.

IPR10 R/W 0x428 Interrupt Priority Registers 10. This register allows assigning a priority 0 Table 24
to each interrupt. This register contains the 3-bit priority fields for
interrupts 40 to 43.

IPR11 R/W 0x42C Interrupt Priority Registers 11. This register allows assigning a priority 0 Table 25
to each interrupt. This register contains the 3-bit priority fields for
interrupts 44 to 46.

STIR W 0xF00 Software Trigger Interrupt Register. This register allows softwareto 0 Table 26
generate an interrupt.

2.4.1 Interrupt Set Enable Register 0 register

UM10736

The ISERO register allows to enable peripheral interrupts or to read the enabled state of

those interrupts. Disable interrupts through the ICERO.
The bit description is as follows for all bits in this register:

Write — Writing 0 has no effect, writing 1 enables the interrupt.

Read — 0 indicates that the interrupt is disabled, 1 indicates that the interrupt is enabled.

Table 4. Interrupt Set Enable Register O register (ISERO, address 0xE000 E100) bit
description

Bit Symbol Description Reset value
0 ISE_WDT Interrupt enable. 0
1 ISE_BOD Interrupt enable. 0
2 ISE_FLASH Interrupt enable. 0
3 ISE_EE Interrupt enable. 0
4 ISE_DMA Interrupt enable. 0
5 ISE_GINTO Interrupt enable. 0
6 ISE_GINT1 Interrupt enable. 0
7 ISE_PIN_INTO Interrupt enable. 0
8 ISE_PIN_INT1 Interrupt enable. 0
9 ISE_PIN_INT2 Interrupt enable. 0
10 ISE_PIN_INT3 Interrupt enable. 0
11 ISE_PIN_INT4 Interrupt enable. 0
12 ISE_PIN_INT5 Interrupt enable. 0
13 ISE_PIN_INT6 Interrupt enable. 0
14 ISE_PIN_INT7 Interrupt enable. 0
15 ISE_RIT Interrupt enable. 0
16 ISE_SCTO Interrupt enable. 0
17 ISE_SCT1 Interrupt enable. 0
18 ISE_SCT2 Interrupt enable. 0
19 ISE_SCT3 Interrupt enable. 0
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Table 4. Interrupt Set Enable Register 0 register (ISERO, address OxE000 E100) bit
description ...continued

Bit Symbol Description Reset value
20 ISE_MRT Interrupt enable. 0

21 ISE_UARTO Interrupt enable. 0

22 ISE_UART1 Interrupt enable. 0

23 ISE_UART2 Interrupt enable. 0

24 ISE_I2CO Interrupt enable. 0

25 ISE_SPIO Interrupt enable. 0

26 ISE_SPI1 Interrupt enable. 0

27 ISE_CCANO Interrupt enable. 0

28 ISE_USB Interrupt enable. 0

29 ISE_USB_FIQ Interrupt enable. 0

30 ISE_USB_WAKEKUP Interrupt enable. 0

31 ISE_ADCO_SEQA Interrupt enable. 0

2.4.2 Interrupt Set Enable Register 1 register

The ISERL1 register allows to enable peripheral interrupts or to read the enabled state of
those interrupts. Disable interrupts through the ICERL1.

The bit description is as follows for all bits in this register:

Write — Writing 0 has no effect, writing 1 enables the interrupt.
Read — 0 indicates that the interrupt is disabled, 1 indicates that the interrupt is enabled.

UM10736

Table 5. Interrupt Set Enable Register 1 register (ISER1, address OXxE000 E104) bit
description

Bit Symbol Description Reset value
0 ISE_ADCO_SEQB Interrupt enable. 0

1 ISE_ADCO_THCMP Interrupt enable. 0

2 ISE_ADCO_OVR Interrupt enable. 0

3 ISE_ADC1_SEQA Interrupt enable. 0

4 ISE_ADC1_SEQB Interrupt enable. 0

5 ISE_ADC1 THCMP Interrupt enable. 0

6 ISE_ADC1_OVR Interrupt enable. 0

7 ISE_DAC Interrupt enable. 0

8 ISE_ACMPO Interrupt enable. 0

9 ISE_ACMP1 Interrupt enable. 0

10 ISE_ACMP2 Interrupt enable. 0

11 ISE_ACMP3 Interrupt enable. 0

12 ISE_QEI Interrupt enable. 0

13 ISE_RTC_ALARM Interrupt enable. 0

14 ISE_RTC_WAKE Interrupt enable. 0

31:15 - Reserved 0
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2.4.3

Interrupt clear enable register 0

Chapter 2: LPC15xx Nested Vectored Interrupt Controller (NVIC)

The ICERO register allows disabling the peripheral interrupts, or for reading the enabled

state of those interrupts. Enable interrupts through the ISERO register.
The bit description is as follows for all bits in this register:

Write — Writing 0 has no effect, writing 1 disables the interrupt.

Read — 0 indicates that the interrupt is disabled, 1 indicates that the interrupt is enabled.

Table 6.

Interrupt clear enable register 0 (ICERO, address OxE000 E180)

Bit

© 0o N o o~ W N PP O

W W RNNNNDNNNRNNNDNDERERRRRR R R R
P O © ©® N 0 O 8 WNPFP O O© 0 N O G M WDN P O

Symbol
ICE_WDT
ICE_BOD
ICE_FLASH
ICE_EE
ICE_DMA
ICE_GINTO
ICE_GINT1
ICE_PIN_INTO
ICE_PIN_INT1
ICE_PIN_INT2
ICE_PIN_INT3
ICE_PIN_INT4
ICE_PIN_INT5
ICE_PIN_INT6
ICE_PIN_INT7
ICE_RIT
ICE_SCTO
ICE_SCT1
ICE_SCT2
ICE_SCTS3
ICE_MRT
ICE_UARTO
ICE_UART1
ICE_UART2
ICE_I2C0
ICE_SPIO
ICE_SPI1
ICE_CCANO
ICE_USB
ICE_USB_FIQ

ICE_USB_WAKEKUP
ICE_ADCO_SEQA

Description

Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.

All information provided in this document is subject to legal disclaimers.
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2.4.5

Interrupt clear enable register 1

Chapter 2: LPC15xx Nested Vectored Interrupt Controller (NVIC)

The ICER1 register allows disabling the peripheral interrupts, or for reading the enabled

state of those interrupts. Enable interrupts through the ISER1 register.
The bit description is as follows for all bits in this register:

Write — Writing 0 has no effect, writing 1 disables the interrupt.

Read — 0 indicates that the interrupt is disabled, 1 indicates that the interrupt is enabled.

Table 7.

Interrupt clear enable registerl (ICER1, address OXEO00 E184)

Bit

© 0o N o o~ W N PP O

el el il =
w N P o

14
31:15

Symbol
ICE_ADCO_SEQB
ICE_ADCO_THCMP
ICE_ADCO_OVR
ICE_ADC1_SEQA
ICE_ADC1_SEQB
ICE_ADC1_THCMP
ICE_ADC1_OVR
ICE_DAC
ICE_ACMPO
ICE_ACMP1
ICE_ACMP2
ICE_ACMP3
ICE_QEI
ICE_RTC_ALARM
ICE_RTC_WAKE

Description

Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.
Interrupt disable.

Reserved

Reset value

O O O O O OO0 OO0 oo oo o o o

Interrupt Set Pending Register O register

The ISPRO register allows setting the pending state of the peripheral interrupts, or for
reading the pending state of those interrupts. Clear the pending state of interrupts through
the ICPRO registers.

The bit description is as follows for all bits in this register:

Write — Writing 0 has no effect, writing 1 changes the interrupt state to pending.

Read — 0 indicates that the interrupt is not pending, 1 indicates that the interrupt is

pending.

Table 8.  Interrupt set pending register 0 register (ISPRO, address OxE000 E200) bit
description

Bit Symbol Description Reset value

0 ISP_WDT Interrupt pending set. 0

1 ISP_BOD Interrupt pending set. 0

2 ISP_FLASH Interrupt pending set. 0

3 ISP_EE Interrupt pending set. 0

4 ISP_DMA Interrupt pending set. 0
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2.4.6

Chapter 2: LPC15xx Nested Vectored Interrupt Controller (NVIC)

Interrupt set pending register 0 register (ISPRO, address OXEO00 E200) bit

Table 8.
description ...continued

Bit Symbol

5 ISP_GINTO

6 ISP_GINT1

7 ISP_PIN_INTO

8 ISP_PIN_INT1

9 ISP_PIN_INT2

10 ISP_PIN_INT3

11 ISP_PIN_INT4

12 ISP_PIN_INT5

13 ISP_PIN_INT6

14 ISP_PIN_INT7

15 ISP_RIT

16 ISP_SCTO

17 ISP_SCT1

18 ISP_SCT2

19 ISP_SCT3

20 ISP_MRT

21 ISP_UARTO

22 ISP_UART1

23 ISP_UART2

24 ISP_I2C0

25 ISP_SPIO

26 ISP_SPI1

27 ISP_CCANO

28 ISP_USB

29 ISP_USB_FIQ

30 ISP_USB_WAKEKUP
31 ISP_ADCO_SEQA

Description

Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.
Interrupt pending set.

Interrupt pending set.

Reset value

O O O O O O O O O O O 0O 0O O O o o o o o o o o o o o o

Interrupt Set Pending Register 1 register

The ISPRL1 register allows setting the pending state of the peripheral interrupts, or for
reading the pending state of those interrupts. Clear the pending state of interrupts through

the ICPRL1 registers.

The bit description is as follows for all bits in this register:

Write — Writing 0 has no effect, writing 1 changes the interrupt state to pending.

Read — 0 indicates that the interrupt is not pending, 1 indicates that the interrupt is

pending.
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Table 9. Interrupt set pending register 1 register (ISPR1, address OXEO00 E204) bit
description

Bit Symbol Description Reset value
0 ISP_ADCO_SEQB Interrupt pending set. 0

1 ISP_ADCO_THCMP Interrupt pending set. 0

2 ISP_ADCO_OVR Interrupt pending set. 0

3 ISP_ADC1_SEQA Interrupt pending set. 0

4 ISP_ADC1_SEQB Interrupt pending set. 0

5 ISP_ADC1_THCMP Interrupt pending set. 0

6 ISP_ADC1_OVR Interrupt pending set. 0

7 ISP_DAC Interrupt pending set. 0

8 ISP_ACMPO Interrupt pending set. 0

9 ISP_ACMP1 Interrupt pending set. 0

10 ISP_ACMP2 Interrupt pending set. 0

11 ISP_ACMP3 Interrupt pending set. 0

12 ISP_QEI Interrupt pending set. 0

13 ISP_RTC_ALARM Interrupt pending set. 0

14 ISP_RTC_WAKE Interrupt pending set. 0

31:15 - Reserved 0

2.4.7 Interrupt Clear Pending Register O register

The ICPRO register allows clearing the pending state of the peripheral interrupts, or for
reading the pending state of those interrupts. Set the pending state of interrupts through
the ISPRO register.

The bit description is as follows for all bits in this register:

Write — Writing 0 has no effect, writing 1 changes the interrupt state to not pending.
Read — 0 indicates that the interrupt is not pending, 1 indicates that the interrupt is

pending.

Table 10. Interrupt clear pending register 0 register (ICPRO, address 0xE000 E280) bit
description

Bit Symbol Function Reset value

0 ICP_WDT Interrupt pending clear. 0

1 ICP_BOD Interrupt pending clear. 0

2 ICP_FLASH Interrupt pending clear. 0

3 ICP_EE Interrupt pending clear. 0

4 ICP_DMA Interrupt pending clear. 0

5 ICP_GINTO Interrupt pending clear. 0

6 ICP_GINT1 Interrupt pending clear. 0

7 ICP_PIN_INTO Interrupt pending clear. 0

8 ICP_PIN_INT1 Interrupt pending clear. 0

9 ICP_PIN_INT2 Interrupt pending clear. 0

10 ICP_PIN_INT3 Interrupt pending clear. 0
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2.4.8

Chapter 2: LPC15xx Nested Vectored Interrupt Controller (NVIC)

Table 10. Interrupt clear pending register 0 register (ICPRO, address 0xE000 E280) bit
description ...continued

Bit Symbol Function Reset value
11 ICP_PIN_INT4 Interrupt pending clear. 0
12 ICP_PIN_INT5 Interrupt pending clear. 0
13 ICP_PIN_INT6 Interrupt pending clear. 0
14 ICP_PIN_INT?7 Interrupt pending clear. 0
15 ICP_RIT Interrupt pending clear. 0
16 ICP_SCTO Interrupt pending clear. 0
17 ICP_SCT1 Interrupt pending clear. 0
18 ICP_SCT2 Interrupt pending clear. 0
19 ICP_SCT3 Interrupt pending clear. 0
20 ICP_MRT Interrupt pending clear. 0
21 ICP_UARTO Interrupt pending clear. 0
22 ICP_UART1 Interrupt pending clear. 0
23 ICP_UART2 Interrupt pending clear. 0
24 ICP_I2CO0 Interrupt pending clear. 0
25 ICP_SPIO Interrupt pending clear. 0
26 ICP_SPI1 Interrupt pending clear. 0
27 ICP_CCANO Interrupt pending clear. 0
28 ICP_USB Interrupt pending clear. 0
29 ICP_USB_FIQ Interrupt pending clear. 0
30 ICP_USB_WAKEKUP Interrupt pending clear. 0
31 ICP_ADCO_SEQA Interrupt pending clear. 0

Interrupt Clear Pending Register 1 register

The ICPR1 register allows clearing the pending state of the peripheral interrupts, or for
reading the pending state of those interrupts. Set the pending state of interrupts through
the ISPR1 register.

The bit description is as follows for all bits in this register:

Write — Writing 0 has no effect, writing 1 changes the interrupt state to not pending.

Read — 0 indicates that the interrupt is not pending, 1 indicates that the interrupt is

pending.

Table 11. Interrupt clear pending register 1 register (ICPR1, address 0xE000 E284) bit
description

Bit Symbol Function Reset value

0 ICP_ADCO_SEQB Interrupt pending clear. 0

1 ICP_ADCO_THCMP Interrupt pending clear. 0

2 ICP_ADCO_OVR Interrupt pending clear. 0

3 ICP_ADC1_SEQA Interrupt pending clear. 0

4 ICP_ADC1_SEQB Interrupt pending clear. 0

5 ICP_ADC1_THCMP Interrupt pending clear. 0
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Chapter 2: LPC15xx Nested Vectored Interrupt Controller (NVIC)

Table 11. Interrupt clear pending register 1 register (ICPR1, address 0xE000 E284) bit
description ...continued

Bit Symbol Function Reset value
ICP_ADC1_OVR Interrupt pending clear. 0
ICP_DAC Interrupt pending clear. 0
ICP_ACMPO Interrupt pending clear. 0
ICP_ACMP1 Interrupt pending clear. 0

10 ICP_ACMP2 Interrupt pending clear. 0

11 ICP_ACMP3 Interrupt pending clear. 0

12 ICP_QEI Interrupt pending clear. 0

13 ICP_RTC_ALARM Interrupt pending clear. 0

14 ICP_RTC_WAKE Interrupt pending clear. 0

31:15 - Reserved 0

Interrupt Active Bit Register O

The IABRO register is a read-only register that allows reading the active state of the
peripheral interrupts. Use this register to determine which peripherals are asserting an

interrupt to the NVIC and may also be pending if there are enabled.

The bit description is as follows for all bits in this register:

Write — n/a.

Read — 0 indicates that the interrupt is not active, 1 indicates that the interrupt is active.

Table 12. Interrupt Active Bit Register 0 (IABRO, address OxE000 E300) bit description
Bit Symbol Function Reset value
0 IAB_WDT Interrupt active state. 0
1 IAB_BOD Interrupt active state. 0
2 IAB_FLASH Interrupt active state. 0
3 IAB_EE Interrupt active state. 0
4 IAB_DMA Interrupt active state. 0
5 IAB_GINTO Interrupt active state. 0
6 IAB_GINT1 Interrupt active state. 0
7 IAB_PIN_INTO Interrupt active state. 0
8 IAB_PIN_INT1 Interrupt active state. 0
9 IAB_PIN_INT2 Interrupt active state. 0
10 IAB_PIN_INT3 Interrupt active state. 0
11 IAB_PIN_INT4 Interrupt active state. 0
12 IAB_PIN_INT5 Interrupt active state. 0
13 IAB_PIN_INT6 Interrupt active state. 0
14 IAB_PIN_INT7 Interrupt active state. 0
15 IAB_RIT Interrupt active state. 0
16 IAB_SCTO Interrupt active state. 0
17 IAB_SCT1 Interrupt active state. 0
18 IAB_SCT2 Interrupt active state. 0
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Table 12. Interrupt Active Bit Register 0 (IABRO, address 0xE000 E300) bit description
Bit Symbol Function Reset value
19 IAB_SCT3 Interrupt active state. 0

20 IAB_MRT Interrupt active state. 0

21 IAB_UARTO Interrupt active state. 0

22 IAB_UART1 Interrupt active state. 0

23 IAB_UART?2 Interrupt active state. 0

24 IAB_I2CO Interrupt active state. 0

25 IAB_SPIO Interrupt active state. 0

26 IAB_SPI1 Interrupt active state. 0

27 IAB_CCANO Interrupt active state. 0

28 IAB_USB Interrupt active state. 0

29 IAB_USB_FIQ Interrupt active state. 0

30 IAB_USB_WAKEKUP Interrupt active state. 0

31 IAB_ADCO_SEQA Interrupt active state. 0

Interrupt Active Bit Register 1

The IABRL1 register is a read-only register that allows reading the active state of the
peripheral interrupts. Use this register to determine which peripherals are asserting an

interrupt to the NVIC and may also be pending if there are enabled.
The bit description is as follows for all bits in this register:

Write — n/a.
Read — 0 indicates that the interrupt is not active, 1 indicates that the interrupt is active.

Table 13. Interrupt Active Bit Register 1 (IABR1, address OxE000 E304) bit description

UM10736

Bit Symbol Function Reset value
0 IAB_ADCO_SEQB Interrupt active state. 0
1 IAB_ADCO_THCMP Interrupt active state. 0
2 IAB_ADCO_OVR Interrupt active state. 0
3 IAB_ADC1_SEQA Interrupt active state. 0
4 IAB_ADC1_SEQB Interrupt active state. 0
5 IAB_ADC1_THCMP Interrupt active state. 0
6 IAB_ADC1_OVR Interrupt active state. 0
7 IAB_DAC Interrupt active state. 0
8 IAB_ACMPO Interrupt active state. 0
9 IAB_ACMP1 Interrupt active state. 0
10 IAB_ACMP2 Interrupt active state. 0
11 IAB_ACMP3 Interrupt active state. 0
12 IAB_QEI Interrupt active state. 0
13 IAB_RTC_ALARM Interrupt active state. 0
14 IAB_RTC_WAKE Interrupt active state. 0
31:15 - Reserved 0
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2.4.12

2.4.13

Chapter 2: LPC15xx Nested Vectored Interrupt Controller (NVIC)

Interrupt Priority Register 0

The IPRO register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 14. Interrupt Priority Register 0 (IPRO, address OxE000 E400) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_WDT Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_BOD Interrupt Priority. O = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_FLASH Interrupt Priority. 0 = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_EE Interrupt Priority. O = highest priority. 7 = lowest priority. 0

Interrupt Priority Register 1

The IPRO register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 15. Interrupt Priority Register 1 (IPR1, address OxE000 E404) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_DMA Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_GINTO Interrupt Priority. O = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_GINT1 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_PIN_INTO Interrupt Priority. O = highest priority. 7 = lowest priority. 0

Interrupt Priority Register 2

The IPRO register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 16. Interrupt Priority Register 2 (IPR2, address OxE000 E408) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_PIN_INT1 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_PIN_INT2 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_PIN_INT3 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_PIN_INT4 Interrupt Priority. O = highest priority. 7 = lowest priority. 0
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Interrupt Priority Register 3

The IPR3 register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 17. Interrupt Priority Register 3 (IPR3, address OXxE000 E40C) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_PIN_INT5 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_PIN_INT6 Interrupt Priority. 0 = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_PIN_INT7 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_RIT Interrupt Priority. O = highest priority. 7 = lowest priority. 0

Interrupt Priority Register 4

The IPR4 register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 18. Interrupt Priority Register 4 (IPR4, address OxE000 E410) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_SCTO Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_SCT1 Interrupt Priority. 0 = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_SCT2 Interrupt Priority. 0 = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_SCT3 Interrupt Priority. O = highest priority. 7 = lowest priority. O

Interrupt Priority Register 5

The IPRS5 register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 19. Interrupt Priority Register 5 (IPR5, address OxE000 E414) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_MRT Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_UARTO Interrupt Priority. O = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_UART1 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_UART2 Interrupt Priority. O = highest priority. 7 = lowest priority. 0
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Interrupt Priority Register 6

The IPRG6 register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 20. Interrupt Priority Register 6 (IPR6, address OxE000 E418) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_I2CO Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_SPIO Interrupt Priority. O = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_SPI1 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_C_CANO Interrupt Priority. O = highest priority. 7 = lowest priority. 0

Interrupt Priority Register 7

The IPR7 register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 21. Interrupt Priority Register 7 (IPR7, address OXE000 E41C) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_USB Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_USB_FIQ Interrupt Priority. O = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_WAKEUP Interrupt Priority. 0 = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_ADCO_SEQA Interrupt Priority. 0 = highest priority. 7 = lowest priority. 0

Interrupt Priority Register 8

The IPR8 register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 22. Interrupt Priority Register 8 (IPR8, address OxE000 E420) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_ADCO_SEQB Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_ADCO_THCMP Interrupt Priority. 0 = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_ADCO_OVR Interrupt Priority. O = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_ADC1_SEQA Interrupt Priority. O = highest priority. 7 = lowest priority. 0
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Interrupt Priority Register 9

The IPR9 register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 23. Interrupt Priority Register 9 (IPR9, address OxE000 E424) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_ADC1_SEQB Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_ADC1_THCMP Interrupt Priority. O = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_ADC1_OVR Interrupt Priority. O = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_DAC Interrupt Priority. O = highest priority. 7 = lowest priority. 0

Interrupt Priority Register 10

The IPR10 register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 24. Interrupt Priority Register 10 (IPR10, address 0xEO00 E428) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_ACMPO Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_ACMP1 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_ACMP2 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 IP_ACMP3 Interrupt Priority. O = highest priority. 7 = lowest priority. 0

Interrupt Priority Register 11

The IPR11 register controls the priority of four peripheral interrupts. Each interrupt can
have one of 8 priorities, where 0 is the highest priority.

Table 25. Interrupt Priority Register 11 (IPR11, address OXEO00 E42C) bit description

Bit Symbol Description Reset value
4.0 - These bits ignore writes, and read as 0. 0

75 IP_QEI Interrupt Priority. O = highest priority. 7 = lowest priority. 0

12:8 - These bits ignore writes, and read as 0. 0

15:13 IP_RTC_ALARM Interrupt Priority. O = highest priority. 7 = lowest priority. 0

20:16 - These bits ignore writes, and read as 0. 0

23:21 IP_RTC_WAKE Interrupt Priority. O = highest priority. 7 = lowest priority. 0

28:24 - These bits ignore writes, and read as 0. 0

31:29 - Reserved 0
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2.4.23 Software Trigger Interrupt Register

The STIR register provides an alternate way for software to generate an interrupt, in
addition to using the ISPR registers. This mechanism can only be used to generate
peripheral interrupts, not system exceptions.

By default, only privileged software can write to the STIR register. Unprivileged software
can be given this ability if privileged software sets the USERSETMPEND bit in the ARM
Cortex-M3 CCR register.

The interrupt number to be programmed in this register is listed in Table 2.

Table 26. Software Trigger Interrupt Register (STIR, address OXxEO00 EF00) bit description
Bit Symbol Description

8:0 INTID Writing a value to this field generates an interrupt for the specified the
interrupt number. The range allowed for this part is O to 46.

319 - Reserved, user software should not write ones to reserved bits. The
value read from a reserved bit is not defined.
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3.1 How to read this chapter

USB and USB PLL related registers are available only on parts LPC1549/48/47.

3.2 Features

¢ System and bus configuration.

* Clock select and control.

* Reset control.

* Wake-up control.

* BOD configuration.

* High-accuracy frequency measurement function for on-chip and off-chip clocks.
* Uses a selection of on-chip clocks as reference clock.

* Device ID register.

3.3 Basic configuration

UM10736

Configure the SYSCON block as follows:

* The SYSCON uses the CLKOUT, RESET pins which can be configured through the
switch matrix. See Section 3.4. RESET is enabled by default.

* No clock configuration is needed. The clock to the SYSCON block is always enabled.
By default, the SYSCON block is clocked by the IRC.

¢ Target and reference clocks for the frequency measurement function are selected in
the input mux block. See Table 134.

3.3.1 Setupthe PLL

The PLL creates a stable output clock at a higher frequency than the input clock. If you
need a main clock with a frequency higher than the 12 MHz IRC clock, use the PLL to
boost the input frequency.

1. Power up the system PLL in the PDRUNCEFG register.

Section 3.6.47 “Power configuration register”

2. Select the PLL input in the SYSPLLCLKSEL register. You have the following input
options:

— IRC: 12 MHz internal oscillator.
— System oscillator: External crystal oscillator using the XTALIN/XTALOUT pins.
Section 3.6.18 “System PLL clock source select register”
3. Configure the PLL M and N dividers.
Section 3.6.40 “System PLL control register”
4. Wait for the PLL to lock by monitoring the PLL lock status.
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Section 3.6.41 “System PLL status register”

Configure the main clock and system clock

The clock source for the registers and memories is derived from main clock. The main
clock can be sourced from the IRC at a fixed clock frequency of 12 MHz or from the PLL.

The divided main clock is called the system clock and clocks the core, the memories, and
the peripherals (register interfaces and peripheral clocks).
1. Select the main clock. You have the following options:
— IRC: 12 MHz internal oscillator (default)
— System oscillator
— Watchdog oscillator
— The output of the system PLL
— The RTC 32 kHz oscillator

Section 3.6.12 “Main clock source select register A” and Section 3.6.13 “Main clock
source select register B”.

2. Select the divider value for the system clock. A divider value of O disables the system
clock.

Section 3.6.21 “System clock divider register”

3. Select the memories and peripherals that are operating in your application and
therefore must have an active clock. The core is always clocked.

Section 3.6.22 “System clock control register 0” and Section 3.6.23 “System clock
control register 1”.

Set up the system oscillator using XTALIN and XTALOUT

To use the system oscillator, follow these steps:

1. Connect the XTALIN and XTALOUT pins to an external crystal.

2. In the SYSOSCCTRL register, disable the BYPASS bit and select the oscillator
frequency range according to the desired oscillator output clock. See Table 66
“System oscillator control register (SYSOSCCTRL, address 0x4007 4188) bit

description”.

Measure the frequency of a clock signal

The frequency of any on-chip or off-chip clock signal can be measured accurately with a
selectable reference clock. For example, the frequency measurement function can be
used to accurately determine the frequency of the watchdog oscillator which varies over a
wide range depending on process and temperature.

The clock frequency to be measured and the reference clock are selected in the input mux
block. See Table 134 “Frequency measure function frequency clock select register
(FREQMEAS REF, address 0x4001 4160) hit description” and Table 135 “Frequency

measure function target clock select register (FREQOMEAS TARGET, address

0x4001 4164) bit description”.
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Details on the accuracy and measurement process are described in Section 3.7.5
“Frequency measure function”.

To start a frequency measurement cycle and read the result, see Table 59 “Frequency
measure function control register (FREQMECTRL, address 0x4007 4120) bit description”.

3.4 Pin description

Table 27. SYSCON pin description

Function Direction Pin Description SWM register Reference
CLKOUT O any CLKOUT clock output. PINASSIGN13 Table 120
XTALIN | XTALIN Input to the system oscillator. n/a -
XTALOUT O XTALOUT Output from the system oscillator. n/a -

RESET | ﬁ/PIOO_Zl External reset input PINENABLE1 Table 124

3.5 General description

3.5.1 Clock generation

The system control block facilitates the clock generation. Except for the peripheral clocks
(SYSTICK clock, fractional baud rate generator clock, glitch filter clock, ARM trace clock),
the clocks to the core and peripherals run at the same frequency. The maximum clock
frequency is 72 MHz. See Figure 3.

The low-power watchdog oscillator provides a fixed 503 kHz clock. The accuracy of this
clock is limited to +/- 40 % over temperature and processing. To determine the actual
watchdog oscillator output, use the frequency measure block. See Section 3.3.4.

The part contains three identical PLLs. The system PLL produces the clock for the core
and peripherals. Two additional PLLs can create independent clocks for the USB and the
SCT. The output of all three PLLs can be monitored through the CLKOUT pin.

You can select the output of any of the three PLLs to derive an asynchronous ADC
sampling clock. See also Section 28.3.
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IRC
system oscillator
watchdog oscillator

——— » CPU, system control,
MAINCLKSELA PMU
(main clock select A) | SYSTEM CLOCK system clock ul
main clock DIVIDER memories,
RTC oscillator i peripheral clocks
32 kHz SYSAHBCLKCTRLnN
(AHB clock enable)
MAINCLKSELB
(main clock select B)
IRC SYSTICK PERIPHERAL |, ARM core
SYSTEM PLL CLOCK DIVIDER SYSTICK
system oscillator
USART PERIPHERAL FRACTIONAL RATE L USART[N:0]
CLOCK DIVIDER GENERATOR .
SYSPLLCLKSEL
(system PLL clock select)
IOCONCLKDIV |, |OCON digital
CLOCK DIVIDER glitch filter
ARM TRACE CLOCK
CLOCK DIVIDER [~ ARMtrace
IRC —
system oscillator —
IRC USB 48 MHz CLOCK | | USB
USB PLL DIVIDER
system oscillator
USBPLLCLKSEL USBCLKSEL
(USB PLL clock select) (USB clock select)
IRC
SCT PLL SCT
system oscillator
SCTPLLCLKSEL IRC
ASYNCADC CLOCK | | Ap
(SCT PLL clock select) DIVIDER C
ADCASYNCCLKSEL
(clock select)
IRC —
system oscillator —
watchdog oscillator —]
CLKOUTSELA
(CLKOUT clock select A)
CLKOUT PIN CLOCK .
DIVIDER — CLKOUT pin
RTC oscillator 32 kHz
CLKOUTSELB
(CLKOUT clock select B)
watchdog oscillator > WWDT
aaa-010875
Fig 3. Clock generation
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3.6 Register description

All system control block registers reside on word address boundaries. Details of the
registers appear in the description of each function.

All address offsets not shown in Table 28 are reserved and should not be written to. The
reset value after boot shows the reset value seen when the boot loader executes but does
not enter ISP mode, that is the flash contains valid user code.

Table 28. Register overview: System configuration (base address 0x4007 4000)

Name Access Offset Description Reset Reset Reference

value value

after boot
SYSMEMREMAP R/W 0x000 System memory remap 0x0 0x2 Table 29
- - 0x004 Reserved - - -
- - 0x008 Reserved - - -
AHBBUFENO R/W 0x00C AHB-to-APB bridge 0 write buffering
control
AHBBUFEN1 R/W 0x010 AHB-to-APB bridge 1 write buffering
control
SYSTCKCAL R/W 0x014 System tick counter calibration 0x0 0x0 Table 32
- R/W 0x018 Reserved - - -
NMISRC R/W 0x01C NMI Source Control 0x0 0x0 Table 33
- - 0x020 - Reserved - - -
0x03C

SYSRSTSTAT R/W 0x040 System reset status register 0x0 0x0 Table 34
PRESETCTRLO R/W 0x044 Peripheral reset control O 0x0 0x0 Table 35
PRESETCTRL1 R/W 0x048 Peripheral reset control 1 0x0 0x0 Table 36
PIOPORCAPO R 0x04C POR captured PIO status 0 user user Table 37

dependent dependent
PIOPORCAP1 R 0x050 POR captured PIO status 1 user user Table 38

dependent dependent
PIOPORCAP2 R 0x054 POR captured PIO status 2 user user Table 39

dependent dependent
- - 0x058 - Reserved - - -

0x07C
MAINCLKSELA R/W 0x080 Main clock source select A 0x0 0x0 Table 40
MAINCLKSELB R/W 0x084 Main clock source select B 0x0 0x0 Table 41
USBCLKSEL R/W 0x088 USB clock source select 0x0 0x0 Table 42
ADCASYNCCLKSEL R/W 0x08C ADC asynchronous clock source 0x0 0x0 Table 43
select
- R/W 0x090 Reserved - - -
CLKOUTSELA R/W 0x094 CLKOUT clock source select A 0x0 0x0 Table 44
CLKOUTSELB R/W 0x098 CLKOUT clock source select B 0x0 0x0 Table 45
- R/W 0x09C Reserved - - -
SYSPLLCLKSEL R/W 0x0A0 System PLL clock source select 0x0 0x0 Table 46
USBPLLCLKSEL R/W 0x0A4 USB PLL clock source select 0x0 0x0 Table 47
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Table 28. Register overview: System configuration (base address 0x4007 4000) ...continued
Name Access Offset Description Reset Reset Reference
value value
after boot
SCTPLLCLKSEL R/W 0x0A8 SCT PLL clock source select 0x0 0x0 Table 48
- - Ox0AC - Reserved - - -
0x0BC
SYSAHBCLKDIV R/W 0x0CO0 System clock divider 0x1 0x1 Table 49
SYSAHBCLKCTRLO R/W 0x0C4 System clock control O 0x1 0x19B Table 50
SYSAHBCLKCTRL1 R/W 0x0C8 System clock control 1 0x0 0x0 Table 51
SYSTICKCLKDIV R/W 0x0CC SYSTICK clock divider 0x0 0x0 Table 52
UARTCLKDIV R/W 0x0DO0 USART clock divider. Clock divider ~ 0x0 0x0 Table 53
for the USART fractional baud rate
generator.
IOCONCLKDIV R/W 0x0D4 Peripheral clock to the IOCON block 0x0 0x0 Table 54
for programmable glitch filter
TRACECLKDIV R/W 0x0D8 ARM trace clock divider 0x0 0x0 Table 55
- - 0xODC -  Reserved - - -
OxOES8
USBCLKDIV R/W Ox0EC USB clock divider 0x0 0x0 Table 56
ADCASYNCCLKDIV R/W 0x0FO0 Asynchronous ADC clock divider 0x0 0x0 Table 57
- - O0xOF4 Reserved - - -
CLKOUTDIV R/W Ox0F8 CLKOUT clock divider 0x0 0x0 Table 58
- - O0xOFC - Reserved - - -
0x11C
FREQMECTRL R/W 0x120 Frequency measure register 0x0 0x0 Table 59
FLASHCFG R/W 0x124 Flash waitstates configuration - 0x201A Table 60
register
FRGCTRL R/W 0x128 USART fractional baud rate OxFF OxFF Table 61
generator control
USBCLKCTRL R/W 0x12C USB clock control 0x0 0x0 Table 62
USBCLKST R/W 0x130 USB clock status 0x1 0x1 Table 63
- - 0x134 - Reserved
0x17C
BODCTRL R/W 0x180 Brown-Out Detect 0x0 0x0 Table 64
IRCCTRL R/W 0x184 IRC trim value part part Table 65
dependent dependent
SYSOSCCTRL R/W 0x188 System oscillator control 0x0 0x0 Table 66
- - 0x18C Reserved - - -
RTCOSCCTRL 0x190 RTC oscillator 32 kHz output control  0x1 0x1 Table 67
- - 0x194 Reserved - - -
SYSPLLCTRL R/W 0x198 System PLL control 0x0 0x0 Table 68
SYSPLLSTAT R 0x19C System PLL status 0x0 0x0 Table 69
USBPLLCTRL R/W 0x1A0 USB PLL control 0x0 0x0 Table 70
USBPLLSTAT R 0x1A4 USB PLL status 0x0 0x0 Table 71
SCTPLLCTRL R/W 0x1A8 SCT PLL control 0x0 0x0 Table 72
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Table 28. Register overview: System configuration (base address 0x4007 4000) ...continued

Name

SCTPLLSTAT

PDAWAKECFG

PDRUNCFG

STARTERPO
STARTERP1

JTAG_IDCODE

DEVICE_IDO

DEVICE_ID1

Access Offset Description Reset Reset Reference
value value
after boot
R 0x1AC SCT PLL status 0x0 0x0 Table 73
- 0x1BO - Reserved - - -
O0x1FC
- 0x200 Reserved - - -
R/W 0x204 Power-down states for wake-up from OxFFFF OXFFFF Table 74
deep-sleep FFOO0 FEOO
R/W 0x208 Power configuration register OXFFFF OXFFFF Table 75
FFO0O FEOO
- 0x20C - - - - -
0x214
R/W 0x218 Start logic 0 wake-up enable register 0x0 0x0 Table 76
R/W 0x21C Start logic 1 wake-up enable register 0x0 0x0 Table 77
- 0x220 - Reserved - - -
0x3FO0
R 0x3F4 JTAG ID code register 0x1906 0x19D6 Table 78
C02B Cco2B
R 0x3F8 Part ID register part part Table 79
dependent dependent
R 0x3FC Boot ROM and die revision register ~ 0x0841 0x0841 Table 80
9D6C 9D6C

3.6.1

UM10736

System memory remap register

The system memory remap register selects whether the exception vectors are read from
boot ROM, flash, or SRAM. By default, the flash memory is mapped to address 0x0000
0000. When the MAP bits in the SYSMEMREMAP register are set to 0x0 or 0x1, the boot
ROM or RAM respectively are mapped to the bottom 512 bytes of the memory map
(addresses 0x0000 0000 to 0x0000 0200).

If the flash contains valid user code, the boot loader sets the MAP bits to 0x2. In ISP
mode, the MAP bits are set to 0xO0.

Table 29. System memory remap register (SYSMEMREMAP, address 0x4007 4000) bit

description
Bit Symbol Value Description Reset
value
1:0 MAP System memory remap. Value 0x3 is reserved. 0x2
0x0 Boot Loader Mode. Interrupt vectors are re-mapped to Boot
ROM.
0x1 User RAM Mode. Interrupt vectors are re-mapped to Static
RAM.

0x2 User Flash Mode. Interrupt vectors are not re-mapped and
reside in Flash.

31:2 - - Reserved -
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3.6.2 AHB-to-APB bridge 0 write buffering control register

This register controls the buffering of write transactions between the AHB and each APB
peripheral individually across the AHB-to-APB bridge 0.

When write buffering is disabled, it takes four cycles on the AHB to finish a write
transaction from the AHB side to the APB peripheral as three waitstates are inserted in
each transaction.

When the write buffering is enabled, the following two situations can occur:

1. If there is no outstanding transaction on the bus bridge, a write transaction from the
AHB master finishes in one cycle (no waitstates are inserted). The write data is
queued in the bridge’s buffer register, and the bridge continues to handle the write
transaction to the APB peripheral while the AHB is ready to take another transaction
(read or write).

2. If there is an outstanding transaction from a previous read or write by any of the AHB
masters, a write from the AHB is held by inserting waitstates until the write buffer is
available for the latest request.

Remark: Buffering is available for write transactions only. Read transactions between the
APB and the AHB always take four cycles regardless of the buffer setting.

Table 30. AHB-to-APB bridge 0 write buffering control register (AHBBUFENO, address
0x4007 400C) bit description

Bit Symbol Value  Description Reset
value
0 ADCO_BUF ADC AHB-APB write buffering 0
Disabled.
Enabled.
1 DAC_BUF DAC AHB-APB write buffering 0
Disabled.
Enabled.
2 ACMP_BUF ACMP AHB-APB write buffering 0
Disabled.
Enabled.
4:3 - Reserved.
5 INPUTMUX_BUF INPUT MUX AHB-APB write buffering
Disabled.
Enabled.
9:6 - Reserved.
10 RTC_BUF RTC AHB-APB write buffering
Disabled.
Enabled.
11 WWDT_BUF WWDT AHB-APB write buffering 0
Disabled.
Enabled.
13:12 - Reserved. 0
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Table 30. AHB-to-APB bridge 0 write buffering control register (AHBBUFENO, address
0x4007 400C) bit description

Bit Symbol Value  Description Reset
value

14 SWM_BUF SWM AHB-APB write buffering 0
Disabled.
Enabled.

15 PMU_BUF PMU AHB-APB write buffering 0
Disabled.
Enabled.

16 UARTO_BUF USARTO AHB-APB write buffering 0
Disabled.
Enabled.

17 UART1_BUF USART1 AHB-APB write buffering 0
Disabled.
Enabled.

18 SPI0_BUF SPI0 AHB-APB write buffering 0
Disabled.
Enabled.

19 SPI1_BUF SPI1 AHB-APB write buffering 0
Disabled.
Enabled.

20 12C0_BUF 12C0 AHB-APB write buffering 0
Disabled.
Enabled.

21 - Reserved.

22 QEI_BUF QEI AHB-APB write buffering
Disabled.
Enabled.

28:23 - Reserved.

29 SYSCON_BUF SYSCON AHB-APB write buffering
Disabled.
Enabled.

31:30 - Reserved. 0

3.6.3 AHB-to-APB bridge 1 write buffering control register

This register controls the buffering of write transactions between the AHB and each APB
peripheral individually across the AHB-to-APB bridge 1.

When write buffering is disabled, it takes four cycles on the AHB to finish a write
transaction from the AHB side to the APB peripheral as three waitstates are inserted in
each transaction.

When the write buffering is enabled, the following two situations can occur:
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1. If there is no outstanding transaction on the bus bridge, a write transaction from the
AHB master finishes in one cycle (no waitstates are inserted). The write data is
queued in the bridge’s buffer register, and the bridge continues to handle the write
transaction to the APB peripheral while the AHB is ready to take another transaction
(read or write).

2. If there is an outstanding transaction from a previous read or write by any of the AHB
masters, a write from the AHB is held by inserting waitstates until the write buffer is

available for the latest request.

Remark: Buffering is available for write transactions only. Read transactions between the
APB and the AHB always take four cycles regardless of the buffer setting.

Table 31.

Bit

10

11

12
13

14

15

16

27:17

AHB-to-APB bridge 1 write buffering control register AHBBUFEN1, address
0x4007 4010) bit description

Symbol

ADC1_BUF

MRT_BUF

PINT_BUF

GINTO_BUF

GINT1_BUF

RIT_BUF

SCTIPU_BUF

FMC_BUF

UART2_BUF

Value

Description

ADC1 AHB-APB write buffering
Disabled.

Enabled.

Reserved.

MRT AHB-APB write buffering
Disabled.

Enabled.

PINT AHB-APB write buffering
Disabled.

Enabled.

GINTO AHB-APB write buffering
Disabled.

Enabled.

GINT1 AHB-APB write buffering
Disabled.

Enabled.

Reserved.

RIT AHB-APB write buffering
Disabled.

Enabled.

SCTIPU AHB-APB write buffering
Disabled.

Enabled.

FMC AHB-APB write buffering
Disabled.

Enabled.

USART2 AHB-APB write buffering
Disabled.

Enabled.

Reserved.
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Table 31. AHB-to-APB bridge 1 write buffering control register (AHBBUFENL, address
0x4007 4010) bit description

Bit Symbol Value  Description Reset
value
28 CCAN_BUF C_CAN AHB-APB write buffering 0
Disabled.
Enabled.
29 - Reserved.
30 IOCON_BUF IOCON AHB-APB write buffering
Disabled.
Enabled.
31 EEPROM_BUF EEPROM AHB-APB write buffering 0
Disabled.
Enabled.

System tick counter calibration register
This register determines the value of the SYST_CALIB register. See Table 295.

Table 32. System tick timer calibration register (SYSTCKCAL, address 0x4007 4014) bit

description
Bit Symbol Description Reset
value
25:0 CAL System tick timer calibration value 0
31:26 - Reserved -

NMI source selection register

The NMI source selection register selects a peripheral interrupts as source for the NMI
interrupt of the ARM Cortex-M3 core. For a list of all peripheral interrupts and their IRQ
numbers see Table 2. For a description of the NMI functionality, see Ref. 1.

Remark: When you want to change the interrupt source for the NMI, you must first disable
the NMI source by setting bit 31 in this register to 0. Then change the source by updating
the IRQN bits and re-enable the NMI source by setting bit 31 to 1.

Table 33. NMI source selection register (NMISRC, address 0x4007 401C) bit description

Bit Symbol Description Reset
value

5:0 IRQN The IRQ number of the interrupt that acts as the Non-Maskable Interrupt 0
(NMI) if bit 31 is 1.

306 - Reserved -

31 NMIEN Write a 1 to this bit to enable the Non-Maskable Interrupt (NMI) source 0
selected by bits 5:0.

Remark: If the NMISRC register is used to select an interrupt as the source of
Non-Maskable interrupts, and the selected interrupt is enabled, one interrupt request can
result in both a Non-Maskable and a normal interrupt. This can be avoided by disabling
the normal interrupt in the NVIC.
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System reset status register

If another reset signal - for example the external RESET pin - remains asserted after the
POR signal is negated, then its bit is set to detected. Write a one to clear the reset.

The reset value given in Table 34 applies to the POR reset.

Table 34. System reset status register (SYSRSTSTAT, address 0x4007 4040) bit description

Bit Symbol Value Description Reset
value
0 POR POR reset status 0

No POR detected
POR detected. Writing a one clears this reset.

1 EXTRST External reset status. 0
No reset event detected.
Reset detected. Writing a one clears this reset.

2 WDT Status of the Watchdog reset 0
No WDT reset detected
WDT reset detected. Writing a one clears this reset.

3 BOD Status of the Brown-out detect reset 0
No BOD reset detected
BOD reset detected. Writing a one clears this reset.

4 SYSRST Status of the software system reset 0
No System reset detected
System reset detected. Writing a one clears this reset.

315 - - Reserved -

Peripheral reset control register 0

The PRESETCTRLO register allows software to reset specific peripherals. Writing a zero
to any assigned bit in this register clears the reset and allows the specified peripheral to
operate. Writing a one asserts the reset.

Table 35. Peripheral reset control register 0 (PRESETCTRLO, address 0x4007 4044) bit

description
Bit Symbol Value  Description Reset
value
6:0 - Reserved. Only write O to these bits. 0
FLASH_RST Flash controller reset control 0

Clear flash reset.
Assert flash reset.
- Reserved. Only write O to this bit. -
EEPROM_RST EEPROM controller reset control 0
Clear EEPROM reset.
Assert EEPROM reset.
10 - Reserved. Only write O to this bit. 0
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Table 35. Peripheral reset control register 0 (PRESETCTRLO, address 0x4007 4044) bit

description
Bit Symbol Value  Description Reset
value
11 MUX_RST Input mux reset control 0
Clear pin mux reset.
Assert pin mux reset.
12 - Reserved. Only write O to this bit.
13 IOCON_RST IOCON reset control
Clear IOCON reset.
Assert IOCON reset.
17:14 - Reserved. Only write 0 to this bit. 0
18 PINT_RST Pin interrupt (PINT) reset control 0

Clear PINT reset.
Assert PINT reset.

19 GINT_RST Grouped interrupt (GINT) reset control 0
Clear GINT reset.
Assert GINT reset.

20 DMA_RST DMA reset control 0
Clear DMA reset.
Assert DMA reset.

21 CRC_RST CRC generator reset control 0
Clear CRC reset.
Assert CRC reset.

26:22 - Reserved. Only write O to these bits.

27 ADCO_RST ADCO reset control
Clear ADCO reset.
Assert ADCO reset.

28 ADC1 _RST ADCI1 reset control 0
Clear ADC1 reset.
Assert ADCL1 reset.

29 - Reserved.Only write 0 to this bit.

30 ACMP_RST Analog Comparator (ACMP) reset control for all 0
four 4 comparators in the analog comparator
block.

Clear ACMP reset.
Assert ACMP reset.

31 - - Reserved -

3.6.8 Peripheral reset control register 1

The PRESETCTRLL register allows software to reset specific peripherals. Writing a zero
to any assigned bit in this register clears the reset and allows the specified peripheral to
operate. Writing a one asserts the reset.
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Table 36. Peripheral reset control register 1 (PRESETCTRL1, address 0x4007 4048) bit

description
Bit Symbol Value  Description Reset
value
0 MRT_RST Multi-rate timer (MRT) reset control 0

Clear MRT reset.
Assert MRT reset.

1 RIT_RST Repetitive interrupt timer (RIT) reset control 0
Clear RIT reset.
Assert RIT reset.

2 SCTO_RST State configurable timer 0 (SCTO) reset control 0
Clear SCTO reset.
Assert SCTO reset.

3 SCT1_RST State configurable timer 1 (SCT1) reset control 0
Clear SCT1 reset.
Assert SCT1 reset.

4 SCT2_RST State configurable timer 2 (SCT2) reset control 0
Clear SCT2 reset.
Assert SCT2 reset.

5 SCT3_RST State configurable timer 3 (SCT3) reset control 0
Clear SCT3 reset.
Assert SCT3 reset.

6 SCTIPU_RST State configurable timer IPU (SCTIPU) reset 0
control

Clear SCTIPU reset.
Assert SCTIPU reset.
7 CCAN_RST CCAN reset control 0
Clear CCAN reset.
Assert CCAN reset.
- Reserved.Only write O to this bit.
SPI0_RST SPIO reset control
Clear SPIO reset.
Assert SPIO reset.
10 SPI1_RST SPI1 reset control 0
Clear SPI1 reset.
Assert SPI1 reset.
12:11 - Reserved.Only write 0 to these bits.
13 I2C0_RST I12CO reset control
Clear 12CO0 reset.
Assert 12CO0 reset.
16:14 - Reserved. Only write 0 to these bits. 0
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Table 36. Peripheral reset control register 1 (PRESETCTRL1, address 0x4007 4048) bit

description
Bit Symbol Value  Description Reset
value
17 UARTO_RST USARTO reset control 0

Clear USARTO reset.
Assert USARTO reset.
18 UART1_RST USART1 reset control 0
Clear USART1 reset.
Assert USART1 reset.
19 UART2_RST USART2 reset control 0
Clear USART?2 reset.
Assert USART?2 reset.
20 - Reserved. Only write O to these bits.
21 QEI_RST QEI reset control
Clear QEI reset.
Assert QEI reset.
22 - Reserved. Only write 0 to this bit. 0
23 USB_RST USB reset control 0
Clear USB reset.
Assert USB reset.
2724 - Reserved. Only write 0 to these bits.
28 Reserved
Clear PVT reset.
Assert PVT reset.
31:29 - - Reserved. Only write 0 to these bits. -

POR captured PIO status register O

The PIOPORCAPO register captures the state of GPIO port 0 at power-on-reset. Each bit
represents the reset state of one GPIO pin. This register is a read-only status register.

Table 37. POR captured PIO status register 0 (PIOPORCAPO, address 0x4007 404C) bit

description
Bit Symbol  Description Reset value
31:0 PIOSTAT State of PIO0_31 through PIO0_0 at power-on reset Implementation

dependent

POR captured PIO status register 1

The PIOPORCAPL1 register captures the state of GPIO port 1 at power-on-reset. Each bit
represents the reset state of one GPIO pin. This register is a read-only status register.

Table 38. POR captured PIO status register 1 (PIOPORCAPL1, address 0x4007 4050) bit

description
Bit Symbol  Description Reset value
31:0 PIOSTAT State of PIO1_31 through PIO1_0 at power-on reset Implementation
dependent
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POR captured PIO status register 2

The PIOPORCAP2 register captures the state of GPIO port 2 at power-on-reset. Each bit
represents the reset state of one GPIO pin. This register is a read-only status register.

Table 39. POR captured PIO status register 2 (PIOPORCAP2, address 0x4007 4054) bit

description
Bit Symbol  Description Reset value
11:0 PIOSTAT State of PIO2_11 through PIO2_0 at power-on reset Implementation
dependent
31:12 - Reserved. -

Main clock source select register A

This register selects one of the internal oscillators, IRC, system oscillator, or watchdog
oscillator. The oscillator selected is then one of the inputs to the main clock source select
register B (see Table 41), which selects the clock source for the main clock. All clocks to
the core, memories, and peripherals are derived from the main clock.

Table 40. Main clock source select register A (MAINCLKSELA, address 0x4007 4080) bit

description
Bit Symbol Value Description Reset value
1:0 SEL Clock source for main clock source selector A 0

0x0 IRC Oscillator
0x1 System oscillator
0x2 Watchdog oscillator
0x3 Reserved
312 - - Reserved -

Main clock source select register B

This register selects the clock source for the main clock. All clocks to the core, memories,
and peripherals are derived from the main clock.

One input to this register is the main clock source select register A (see Table 40), which
selects one of the three internal oscillators, IRC, system oscillator, or watchdog oscillator.

Table 41. Main clock source select register B (MAINCLKSELB, address 0x4007 4084) bit

description
Bit Symbol  Value Description Reset value
1.0 SEL Clock source for main clock source selector B. 0

Selects the clock source for the main clock.

0x0 MAINCLKSELA. Clock source selected in
MAINCLKSELA register.

0x1 System PLL input.
0x2 System PLL output.
0x3 RTC oscillator 32 kHz output.
312 - - Reserved -
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USB clock source select register

This register selects the clock source for the USB usb_clk. The clock source can be either
the USB PLL output or the main clock, and the clock can be further divided by the
USBCLKDIV register (see Table 56) to obtain a 48 MHz clock.

Table 42. USB clock source select (USBCLKSEL, address 0x4007 4088) bit description

Bit Symbol Value Description Reset
value
1:0 SEL USB clock source. 0x0
0x0 IRC Oscillator
0x1 System oscillator
0x2 USB PLL out
0x3 Main clock
31:2 - Reserved 0x00

ADC asynchronous clock source select register

This register selects an clock source from the IRC or any of the PLL outputs for the 12-bit
ADCs that is asynchronous to the system clock. To use this clock, select the
asynchronous clock mode in the ADC control register.

Table 43. ADC asynchronous clock source select (ADCASYNCCLKSEL, address
0x4007 408C) bit description

Bit Symbol Value Description Reset
value
1:0 SEL ADC clock source. 0x0
0x0 IRC Oscillator
0x1 System PLL output
0x2 USB PLL output
0x3 SCT PLL output
31:2 - Reserved 0x00

CLKOUT clock source select register A

This register pre-selects one of the internal oscillators for the clock sources visible on the
CLKOUT pin. The selection for the CLKOUT clock source is done in the CLKOUT clock
source B register.

Table 44. CLKOUT clock source select register (CLKOUTSELA, address 0x4007 4094) bit

description
Bit Symbol Value Description Reset
value
1:0 SEL CLKOUT clock source 0
0x0 IRC oscillator
0x1 Crystal oscillator (SYSOSC)
0x2 Watchdog oscillator
0x3 Main clock
312 - - Reserved 0
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CLKOUT clock source select register B

This register selects the clock source visible on the CLKOUT pin. The internal oscillators
are pre-selected in the CLKOUTSELA register (see Table 44).

Table 45. CLKOUT clock source select register (CLKOUTSELB, address 0x4007 4098) bit

description
Bit Symbol  Value Description Reset
value

1:0 SEL CLKOUT clock source 0

0x0 CLKOUTSELA. Clock source selected in the CLKOUTSELA

register.

Ox1 USB PLL output.

0x2 SCT PLL output.

0x3 RTC 32 kHz output.
312 - - Reserved 0

System PLL clock source select register

This register selects the clock source for the system PLL.

Table 46. System PLL clock source select register (SYSPLLCLKSEL, address 0x4007 40A0)
bit description

Bit Symbol  Value Description Reset
value
1:0 SEL System PLL clock source 0
0x0 IRC

0x1 Crystal Oscillator (SYSOSC)
0x2 Reserved.
0x3 Reserved.
312 - - Reserved -

USB PLL clock source select register
This register selects the clock source for the dedicated USB PLL.

Table 47. USB PLL clock source select (USBPLLCLKSEL, address 0x4007 40A4) bit

description
Bit Symbol Value Description Reset
value
1:0 SEL USB PLL clock source 0x00
0x0 IRC. The USB PLL clock source must be switched to
system oscillator for correct USB operation.
0x1 System oscillator
0x2 Reserved
0x3 Reserved
31:2 - Reserved 0x00
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SCT PLL clock source select register
This register selects the clock source for the dedicated SCT PLL.

Table 48. SCT PLL clock source select (SCTPLLCLKSEL, address 0x4007 40A8) bit

description
Bit Symbol Value Description Reset
value

1:0 SEL SCT PLL clock source 0x00

0x0 IRC

0x1 System oscillator

0x2 Reserved

0x3 Reserved
31:2 - Reserved 0x00

System clock divider register

This register controls how the main clock is divided to provide the system clock to the
core, memories, and the peripherals. The system clock can be shut down completely by
setting the DIV field to zero.

Table 49. System clock divider register (SYSAHBCLKDIV, address 0x4007 40C0) bit
description

Bit Symbol Description Reset
value

7:0 DIV System AHB clock divider values 0x01
0: System clock disabled.
1: Divide by 1.
to
255: Divide by 255.

31:8 - Reserved -

System clock control register O

The SYSAHBCLKCTRLO register enables the clocks to individual system and peripheral
blocks. The system clock (bit 0) provides the clock for the AHB, the APB bridge, the ARM
Cortex-M3, the SYSCON block, and the PMU. This clock cannot be disabled.

See Section 1.2.1 for details on the SRAM configuration.
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System clock control register 0 (SYSAHBCLKCTRLO, address 0x4007 40C4) bit

Table 50.
description
Bit Symbol
0 SYS
1 ROM
SRAM1
4 SRAM2
6:5 -
FLASH
EEPROM
10 -
11 MUX
12 SWM
13 IOCON
14 GPIOO
15 GPIO1

UM10736

Value Description

Reset
value

This bit is read-only and always reads as 1. It 1
configures the always-on clock for the AHB, the APB
bridges, the Cortex-M3 core clocks, SYSCON, reset
control, SRAMO, and the PMU. Writes to this bit are

ignored.

Enables clock for ROM.
Disable

Enable

Reserved

Enables clock for SRAM1.
Disable

Enable

Enables clock for SRAM2.
Disable

Enable

Reserved

Enables clock for flash controller.
Disable

Enable

Reserved

Enables clock for EEPROM controller.
Disable

Enable

Reserved

Enables clock for input mux.
Disable

Enable

Enables clock for switch matrix.
Disable

Enable

Enables clock for IOCON block.
Disable

Enable

Enables clock for GPIOO port registers.

Disable
Enable

Enables clock for GPIO1 port registers.

Disable
Enable
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Table 50. System clock control register 0 (SYSAHBCLKCTRLO, address 0x4007 40C4) bit
description ...continued

Bit Symbol Value Description Reset
value

16 GPIO2 Enables clock for GPIO2 port registers. 0
0 Disable
Enable
17 - Reserved
18 PINT Enables clock for pin interrupt block.
0 Disable
Enable
19 GINT Enables clock for grouped pin interrupt block. 0
0 Disable
Enable
20 DMA Enables clock for DMA. 0
0 Disable
Enable
21 CRC Enables clock for CRC. 0
0 Disable
Enable
22 WWDT Enables clock for WWDT. 0
0 Disable
1 Enable
23 RTC Enables clock for RTC. 0
0 Disable
1 Enable
26:24 - Reserved 0
27 ADCO Enables clock for ADCO register interface.
0 Disable
Enable
28 ADC1 Enables clock for ADCL1 register interface. 0
0 Disable
Enable
29 DAC Enables clock for DAC. 0
0 Disable
Enable

30 ACMP Enables clock to analog comparator block. Thisisthe 0
clock to the register interface for all 4 comparators.

0 Disable
Enable
31 - Reserved 0

3.6.23 System clock control register 1
The SYSAHBCLKCTRL register enables the clocks to individual peripheral blocks.
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System clock control register 1 (SYSAHBCLKCTRL1, address 0x4007 40C8) bit

Bit

10

12:11
13

16:14
17

Symbol

MRT

RIT

SCTO

SCT1

SCT2

SCT3

SCTIPU

CCAN

SPIO

SPI1

12C0O

UARTO

Value Description

Enables clock for multi-rate timer.

Disable
Enable

Reset
value

0

Enables clock for repetitive interrupt timer. 0

Disable

Enable

Enables clock for SCTO.
Disable

Enable

Enables clock for SCT1.
Disable

Enable

Enables clock for SCT2.
Disable

Enable

Enables clock for SCT3.
Disable

Enable

Enables clock for SCTIPU.
Disable

Enable

Enables clock for CCAN.
Disable

Enable

Reserved

Enables clock for SPIO.
Disable

Enable

Enables clock for SPI1.
Disable

Enable

Reserved

Enables clock for 12C0.
Disable

Enable

Reserved

Enables clock for USARTO.
Disable

Enable
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Table 51. System clock control register 1 (SYSAHBCLKCTRL1, address 0x4007 40C8) bit
description ...continued

Bit Symbol Value Description Reset
value
18 UART1 Enables clock for USART1. 0
0 Disable
Enable
19 UART2 Enables clock for USART2. 0
0 Disable
Enable
20 - Reserved 0
21 QEI Enables clock for QEL.
0 Disable
Enable
22 - Reserved
23 USB Enables clock for USB register interface.
0 Disable
Enable
2724 - - Reserved -
28 Reserved 0
31:29 - - Reserved -

SYSTICK clock divider register

This register configures the SYSTICK peripheral clock. The SYSTICK timer clock can be
shut down by setting the DIV field to zero.

Table 52. SYSTICK clock divider (SYSTICKCLKDIV, address 0x4007 40CC) bit description

Bit Symbol Description Reset
value
7:0 DIV SYSTICK clock divider values. 0x00
0: Disable SYSTICK timer clock.
1: Divide by 1.
to 255: Divide by 255.
31:8 - Reserved 0x00

USART clock divider register

This register configures the clock for the fractional baud rate generator and all USARTSs.
The UART clock can be disabled by setting the DIV field to zero (this is the default
setting).
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Table 53. USART clock divider register (ULARTCLKDIV, address 0x4007 40D0) bit
description

Bit Symbol  Description Reset
value

7.0 DIV USART fractional baud rate generator clock divider values. 0
0: Clock disabled.
1: Divide by 1.
to
255: Divide by 255.

31:.8 - Reserved -

3.6.26 IOCON glitch filter clock divider register

This register configures the peripheral input clock IOCONFILTR_PCLK) to the IOCON
programmable glitch filter. The clock can be shut down by setting the DIV bits to 0xO.

Table 54. IOCON glitch filter clock divider register IOCONCLKDIV, address 0x4007 40D4)
bit description

Bit Symbol Description Reset value

7:0 DIV IOCON glitch filter clock divider values 0
0: Disable IOCONFILTR_PCLK.
1: Divide by 1.
to
255: Divide by 255.

31:8 - Reserved 0x00

3.6.27 ARM trace clock divider register

This register configures the ARM trace clock. The ARM trace clock can be shut down by
setting the DIV field to zero.

Table 55. ARM trace clock divider (TRACECLKDIV, address 0x4007 40D8) bit description

Bit Symbol Description Reset
value
7:0 DIV ARM trace clock divider values. 0x00
0: Disable TRACE_CLK.
1: Divide by 1.
to 255: Divide by 255.
31:.8 - Reserved 0x00

3.6.28 USB clock source divider register

This register allows the USB clock usb_clk to be divided to 48 MHz. The usb_clk can be
shut down by setting the DIV bits to 0x0.

Table 56. USB clock source divider (USBCLKDIV, address 0x4007 40EC) bit description

Bit Symbol Description Reset
value
7:0 DIV USB clock divider values 0x00
0: Disable USB clock.
1: Divide by 1.
to 255: Divide by 255.
31:8 - Reserved 0x00
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ADCASYNCCLKDIV clock source divider register

This register divides the asynchronous clock to the ADCs. The clock can be shut down by
setting the DIV bits to 0x0.

Table 57. ADC asynchronous clock source divider (ADCASYNCCLKDIV, address
0x4007 40FO0) bit description

Bit Symbol Description Reset
value
7:0 DIV USB clock divider values 0x00
0: Disable USB clock.
1: Divide by 1.
to 255: Divide by 255.
31:8 - Reserved 0x00

CLKOUT clock divider register
This register determines the divider value for the clock signal on the CLKOUT pin.
Table 58. CLKOUT clock divider register (CLKOUTDIV, address 0x4007 40F8) bit

description

Bit Symbol  Description Reset
value

7:0 DIV CLKOUT clock divider values 0
0: Disable CLKOUT clock divider.
1: Divide by 1.
to
255: Divide by 255.

31:8 - Reserved -

Frequency measure function control register

This register starts the frequency measurement function and stores the result in the
CAPVAL field. The target frequency can be calculated as follows with the frequencies
given in MHz:

Frarget = (CAPVAL - 2) X Freference/ 214
Select the target and reference frequencies using the

Table 59. Frequency measure function control register (FREQMECTRL, address 0x4007
4120) bit description

Bit Symbol  Description Reset
value

13:0 CAPVAL Stores the capture result which is used to calculate the frequency of 0
the target clock. This field is read-only.

30:14 - Reserved. -

31 PROG Set this bit to one to initiate a frequency measurement cycle. 0
Hardware clears this bit when the measurement cycle has completed
and there is valid capture data in the CAPVAL field (bits 13:0).

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.

User manual

Rev. 1.1 — 3 March 2014 58 of 759



NXP Semiconductors UM10736

3.6.32

3.6.33

UM10736

Chapter 3: LPC15xx System configuration (SYSCON)

Flash configuration register

Depending on the system clock frequency, access to the flash memory can be configured
with various access times by writing to the FLASHCFG register.

Changing the FLASHCFG register value causes the flash accelerator to invalidate all of
the holding latches, resulting in new reads of flash information as required. This
guarantees synchronization of the flash accelerator to CPU operation.

Remark: Improper setting of this register may result in incorrect operation of the flash
memory. Do not change the flash access time when using the power API in efficiency,
low-current, or performance modes.

Table 60. Flash configuration register (FLASHCFG, address 0x4007 4124) bit description

Bit Symbol Value Description Reset
value

11:0 - Reserved. Do not change the value of these bits. Bits Ox1A
11:0 must be written back exactly as read.

13:12 FLASHTIM Flash memory access time. FLASHTIM +1 is equal to 0x2
the number of system clocks used for flash access.

0x0 1 clock cycle. 1 system clock flash access time (for
system clock frequencies of up to 25 MHz).

0ox1 2 clock cycles. 2 system clocks flash access time (for
system clock frequencies of up to 55 MHz).

0x2 3 clock cycles. 3 system clocks flash access time (for
system clock frequencies of up to 72 MHz).

0x3 Reserved.

31:14 - - Reserved. Do not change the value of these bits. Bits -
31:14 must be written back exactly as read.

USART fractional baud rate generator register

All USART peripherals share a common clock U_PCLK, which can be adjusted by a
fractional divider:

U_PCLK = UARTCLKDIV/(1 + MULT/DIV).

This register sets the MULT and DIV values. UARTCLKDIV is the USART clock
configured in the UARTCLKDIV register.

Remark: To use of the fractional baud rate generator, you must write OxFF to the DIV
value to yield a denominator value of 256. All other values are not supported.

See also:

Section 24.3.1 “Configure the USART clock and baud rate”

Section 24.7.1 “Clocking and baud rates”
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Table 61. USART fractional baud rate generator register (FRGCTRL, address 0x4007 4128)
bit description

Bit Symbol  Description Reset
value

7.0 DIV Denominator of the fractional divider. DIV is equal to the programmed OxFF
value +1. Always set to OxFF to use with the fractional baud rate
generator.

15:8  MULT Numerator of the fractional divider. MULT is equal to the programmed 0
value.

31:16 - Reserved -

USB clock control register

This register controls the use of the USB need_clock signal and the polarity of the
need_clock signal for triggering the USB wake-up interrupt. For details of how to use the
USB need_clock signal for waking up the part from Deep-sleep or Power-down modes,
see Section 23.7.6.

Table 62. USB clock control (USBCLKCTRL, address 0x4007 412C) bit description

Bit Symbol Value Description Reset
value
0 AP_CLK USB need_clock signal control 0x0
Under hardware control.
Forced HIGH.
1 POL_CLK USB need_clock polarity for triggering the USB 0x0
wake-up interrupt
0 Falling edge of the USB need_clock triggers the USB
wake-up (default).
1 Rising edge of the USB need_clock triggers the USB
wake-up.
312 - Reserved. Do not write one to reserved bits. 0x00

USB clock status register

This register is read-only and returns the status of the USB need_clock signal. For details
of how to use the USB need_clock signal for waking up the part from Deep-sleep or
Power-down modes, see Section 23.7.6.

Table 63. USB clock status (USBCLKST, address 0x4007 4130) bit description

Bit Symbol Value Description Reset
value
0 NEED_CLKST USB need_clock signal status Ox1
0 LOW
HIGH
311 - Reserved 0x00
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BOD control register

The BOD control register selects two separate threshold values for sending a BOD
interrupt to the NVIC and for forced reset. Reset and interrupt threshold values listed in
Table 64 are typical values.

Both the BOD interrupt and the BOD reset, depending on the value of bit BODRSTENA in
this register, can wake-up the chip from Sleep, Deep-sleep, and Power-down modes. See
Table 517 “power_mode _configure routine”.

The BOD levels are defined in the LPC15xx data sheet.

Table 64. BOD control register (BODCTRL, address 0x4007 4180) bit description
Bit Symbol Value Description Reset
value
1:0 BODRSTLEV BOD reset level 0
0x0 Reserved.
0x1 Reserved.
0x2 Level 2
0x3 Level 3
3:2 BODINTVAL BOD interrupt level 0
0x0 Reserved.
0x1 Reserved.
0x2 Level 2:
0x3 Level 3
4 BODRSTENA BOD reset enable 0
0 Disable reset function.
Enable reset function.
315 - - Reserved 0x00

IRC control register

This register is used to trim the on-chip 12 MHz oscillator. The trim value is factory-preset
and written by the boot code on start-up.

Table 65. IRC control register (IRCCTRL, address 0x4007 4184) bit description
Bit Symbol Description Reset value

7.0 TRIM Trim value 0x80, then flash will reprogram

31:8 - Reserved 0x00

System oscillator control register

This register configures the frequency range for the system oscillator. The system
oscillator itself is powered on or off in the PDRUNCFG register. See Table 75.
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Table 66. System oscillator control register (SYSOSCCTRL, address 0x4007 4188) bit

description
Bit Symbol Value Description Reset
value
0 BYPASS Bypass system oscillator 0x0
0 Disabled. Oscillator is not bypassed.
Enabled. PLL input (sys_osc_clk) is fed directly
from the XTALIN pin bypassing the oscillator. Use
this mode when using an external clock source
instead of the crystal oscillator.
1 FREQRANGE Determines frequency range for system oscillator.  0x0
0 Low frequency. 1 MHz - 20 MHz frequency range.
High frequency. 15 MHz - 25 MHz frequency range
312 - - Reserved 0x00

3.6.39 RTC oscillator control register

This register enables the 32 kHz output of the RTC oscillator. This clock can be used to
create the main clock when the PLL input is selected as the clock source to the main

clock. Do not use the system PLL with 32 kHz clock.

Table 67. RTC oscillator control register (RTCOSCCTRL, address 0x4007 4190) bit
description

Bit Symbol Value Description

0 EN RTC 32 kHz clock enable.
0 Disabled. RTC clock off.
Enabled. RTC clock on.
311 - - Reserved

Reset
value

0x00

3.6.40 System PLL control register

This register connects and enables the system PLL and configures the PLL multiplier and
divider values. The PLL accepts an input frequency from 10 MHz to 25 MHz from various
clock sources. The input frequency is multiplied to a higher frequency and then divided
down to provide the actual clock used by the CPU, peripherals, and memories. The PLL

can produce a clock up to the maximum allowed for the CPU.

Remark: The divider values for P and M must be selected so that the PLL output clock

frequency FCLKOUT is lower than 100 MHz.

Remark: This PLL supports a 6-bit feedback divider MSEL.
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Table 68. System PLL control register (SYSPLLCTRL, address 0x4007 4198) bit description

Bit Symbol Value Description Reset
value
5.0 MSEL Feedback divider value. The division value M is the 0

programmed MSEL value + 1.
00000: Division ratio M = 1

t1011111: Division ratio M = 64
7:6 PSEL Post divider ratio P. The division ratio is 2 x P. 0
0x0 P=1
0x1 P=2
0x2 P=4
0x3 P=8
31.8 - - Reserved. Do not write ones to reserved bits. -

System PLL status register

This register is a Read-only register and supplies the PLL lock status.

Table 69. System PLL status register (SYSPLLSTAT, address 0x4007 419C) bit description

Bit Symbol  Value Description Reset
value
0 LOCK PLL lock status 0
0 PLL not locked
PLL locked
311 - - Reserved -

USB PLL control register

The USB PLL is identical to the system PLL and is used to provide a dedicated clock to
the USB block.

This register connects and enables the USB PLL and configures the PLL multiplier and
divider values. The PLL accepts an input frequency from 10 MHz to 25 MHz from various
clock sources. The input frequency is multiplied up to a high frequency, then divided down
to provide the actual clock 48 MHz clock used by the USB subsystem.

Remark: This PLL supports a 6-bit feedback divider MSEL.

Table 70. USB PLL control (USBPLLCTRL, address 0x4007 41A0) bit description

Bit Symbol Value Description Reset
value
5.0 MSEL Feedback divider value. The division value M is the 0x000

programmed MSEL value + 1.
00000: Division ratio M = 1 to 111111: Division ratio M =
64.
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Bit Symbol Value Description Reset
value
7:6 PSEL Post divider ratio P. The division ratio is 2 x P. 0x00
0x0 P=1
0x1 P=2
0x2 P=4
0x3 P=8
318 - Reserved. Do not write ones to reserved bits. 0x00
USB PLL status register
This register is a Read-only register and supplies the PLL lock status.
Table 71. USB PLL status (USBPLLSTAT, address 0x4007 41A4) bit description
Bit Symbol Value  Description Reset
value
0 LOCK PLL lock status 0x0
0 PLL not locked
PLL locked
311 - Reserved 0x00

SCT PLL control register
The SCT PLL is identical to the system PLL and is used to provide a dedicated clock to

the SCTs.

Remark: This PLL supports a 6-bit feedback divider MSEL.

Table 72. SCT PLL control (SCTPLLCTRL, address 0x4007 41A8) bit description

Bit Symbol Value
5:0 MSEL
7:6 PSEL
0x0
0Ox1
0x2
0x3
31:8 -

Description

Feedback divider value. The division value M is the
programmed MSEL value + 1.

00000: Division ratio M = 1 to 111111: Division ratio M =
64.

Post divider ratio P. The division ratio is 2 x P.

P=1
P=2
P=4

P=8
Reserved. Do not write ones to reserved bits.

SCT PLL status register

This register is a Read-only register and supplies the PLL lock status.

All information provided in this document is subject to legal disclaimers.

Reset
value
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Table 73.  SCT PLL status (SCTPLLSTAT, address 0x4007 41AC) bit description

Bit Symbol Value  Description Reset
value
0 LOCK PLL lock status 0x0
0 PLL not locked
PLL locked
311 - Reserved 0x00

Wake-up configuration register

This register controls the power configuration of the device when waking up from
Deep-sleep or Power-down mode.

Table 74. Wake-up configuration register (PDAWAKECFG, address 0x4007 4204) bit
description

Bit Symbol Value Description Reset value
2.0 - Reserved. Always write these bits as 0s. 0
3 IRCOUT_PD IRC oscillator output wake-up configuration 0
0 Powered
Powered down
4 IRC IRC oscillator wake-up configuration 0
0 Powered
Powered down
5 FLASH Flash memory wake-up configuration 0
0 Powered
Powered down
6 EEPROM EEPROM wake-up configuration 0
0 Powered
Powered down
- Reserved
BOD_PD BOD wake-up configuration
0 Powered
Powered down
9 USBPHY_PD USB PHY wake-up configuration 1
0 Powered
Powered down
10 ADCO_PD ADCO wake-up configuration 1
0 Powered
Powered down
11 ADC1_PD ADC1 wake-up configuration 1
0 Powered
Powered down
12 DAC_PD DAC wake-up configuration 1
0 Powered

Powered down
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description ...continued

Bit
13

14

15

16

17

18

19

20

21

22

23

24

31:25

Symbol
ACMPO_PD

ACMP1_PD

ACMP2_PD

ACMP3_PD

IREF_PD

TS_PD

VDDADIV_PD

WDTOSC_PD

SYSOSC_PD

SYSPLL_PD

USBPLL_PD

SCTPLL_PD

Value Description

Analog comparator 0 wake-up configuration
Powered

Powered down

Analog comparator 1 wake-up configuration
Powered

Powered down

Analog comparator 2 wake-up configuration
Powered

Powered down

Analog comparator 3 wake-up configuration
Powered

Powered down

Internal voltage reference wake-up configuration
Powered

Powered down

Temperature sensor wake-up configuration
Powered

Powered down

VDDA divider wake-up configuration. This is the
divider for the VDDA/2 input to the ADCs.

Powered

Powered down

Watchdog oscillator wake-up configuration.
Powered

Powered down

System oscillator wake-up configuration
Powered

Powered down

System PLL wake-up configuration
Powered

Powered down

USB PLL wake-up configuration
Powered

Powered down

USB PLL wake-up configuration
Powered

Powered down

Reserved

Reset value

1
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3.6.47 Power configuration register

The PDRUNCEFG register controls the power to the various analog blocks. This register
can be written to at any time while the chip is running, and a write will take effect
immediately with the exception of the power-down signal to the IRC.

To avoid glitches when powering down the IRC, the IRC clock is automatically switched off
at a clean point. Therefore, for the IRC a delay is possible before the power-down state
takes effect.

The system oscillator requires typically 500 us to start up after the SYSOSC_PD bit has
been changed from 1 to 0. There is no hardware flag to monitor the state of the system
oscillator. Therefore, add a software delay of about 500 ys before using the system
oscillator after power-up.

Table 75. Power configuration register (PDRUNCFG, address 0x4007 4208) bit description
Bit Symbol
2.0 - Reserved. Always write these bits as 0s. 0

Value Description Reset value

3

10

11

12

IRCOUT_PD

IRC

FLASH

EEPROM

BOD_PD

USBPHY_PD

ADCO_PD

ADC1_PD

DAC_PD

All information provided in this document is subject to legal disclaimers.

IRC oscillator output
Powered

Powered down
IRC oscillator
Powered

Powered down
Flash memory
Powered

Powered down
EEPROM
Powered

Powered down
Reserved

BOD power-down
Powered

Powered down
USB PHY power-down
Powered

Powered down
ADCO power-down
Powered

Powered down
ADC1 power-down
Powered

Powered down
DAC power-down
Powered

Powered down

0
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Power configuration register (PDRUNCFG, address 0x4007 4208) bit description

Table 75.

Bit Symbol

13 ACMPO_PD
14 ACMP1_PD
15 ACMP2_PD
16  ACMP3_PD
17 IREF_PD

18 TS PD

19 VDDADIV_PD
20 WDTOSC_PD
21 SYSOSC_PD
22 SYSPLL_PD
23 USBPLL_PD
24 SCTPLL_PD
31:25 -

Value Description

Analog comparator O power-down
Powered

Powered down

Analog comparator 1 power-down
Powered

Powered down

Analog comparator 2 power-down
Powered

Powered down

Analog comparator 3 power-down
Powered

Powered down

Internal voltage reference power-down
Powered

Powered down

Temperature sensor power-down
Powered

Powered down

VDDA divider power-down. This is the divider for
the VDDA/2 input to the ADCs.

Powered

Powered down

Watchdog oscillator power-down.
Powered

Powered down

System oscillator power-down.After power-up,
add a software delay of approximately 500 ys
before using.

Powered

Powered down
System PLL power-down
Powered

Powered down

USB PLL power-down
Powered

Powered down

USB PLL power-down
Powered

Powered down
Reserved

Reset value

1

UM10736
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The STARTERPO register enables an interrupt for wake-up from deep-sleep mode and

power-down modes. For details see Section 4.7.4 and Section 4.7.5.

Remark: Also enable the corresponding interrupts in the NVIC. See Table 2 “Connection

of interrupt sources to the NVIC”.

Table 76.

Start logic 0 wake-up enable register 0 (STARTERPO, address 0x4007 4218) bit
description

Bit

10

11

12

13

UM10736

Symbol

WWDT

BOD

GINTO

GINT1

PINTO

PINT1

PINT2

PINT3

PINT4

PINTS

PINT6

Value

0
1

Description

WWDT interrupt wake-up.
Disabled

Enabled

BOD interrupt wake-up.
Disabled

Enabled

Reserved.

Group interrupt 0 wake-up.
Disabled

Enabled

Group interrupt 1 wake-up.
Disabled

Enabled

GPIO pin interrupt 0 wake-up
Disabled

Enabled

GPIO pin interrupt 1 wake-up
Disabled

Enabled

GPIO pin interrupt 2 wake-up
Disabled

Enabled

GPIO pin interrupt 3 wake-up
Disabled

Enabled

GPIO pin interrupt 4 wake-up
Disabled

Enabled

GPIO pin interrupt 5 wake-up
Disabled

Enabled

GPIO pin interrupt 6 wake-up
Disabled

Enabled

All information provided in this document is subject to legal disclaimers.
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Start logic 0 wake-up enable register 0 (STARTERPO, address 0x4007 4218) bit
description ...continued

Bit

14

20:15
21

22

23

24

25

26

29:27
30

31

Symbol

PINT7

USARTO

USART1

USART2

12C

SPIO

SPI1

USB_WAKEUP

Value

Description

GPIO pin interrupt 7 wake-up

Disabled
Enabled
Reserved.

Reset
value

0

USARTO interrupt wake-up. Configure USART 0
in synchronous slave mode or in 32 kHz

mode..
Disabled
Enabled

USART1 interrupt wake-up. Configure USART 0
in synchronous slave mode or in 32 kHz

mode...
Disabled
Enabled

USART2 interrupt wake-up. Configure USART 0
in synchronous slave mode or in 32 kHz

mode...

Disabled

Enabled

12C interrupt wake-up.
Disabled

Enabled

SPIOQ interrupt wake-up
Disabled

Enabled

SPI1 interrupt wake-up
Disabled

Enabled

Reserved

USB need_clock signal wake-up

Disabled
Enabled
Reserved

3.6.49 Start logic 1 wake-up enable register

This register selects which interrupts wake up the part from deep-sleep and power-down
modes. For details see Section 4.7.4 and Section 4.7.5.

Remark: Also enable the corresponding interrupts in the NVIC. See Table 2 “Connection
of interrupt sources to the NVIC”".

UM10736
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Table 77. Start logic 1 wake-up enable register (STARTERP1, address 0x4007 421C) bit
description

Bit Symbol Value Description Reset
value

7:0 - Reserved -
ACMPO Analog comparator O interrupt wake-up 0
Disabled
Enabled
9 ACMP1 Analog comparator 1 interrupt wake-up 0
Disabled
Enabled
10 ACMP2 Analog comparator 2 interrupt wake-up 0
Disabled
Enabled
11 ACMP3 Analog comparator 3 interrupt wake-up 0
Disabled
Enabled
12 - Reserved -
13 RTCALARM RTC alarm interrupt wake-up 0
Disabled
Enabled
14 RTCWAKE RTC wake-up interrupt wake-up 0
Disabled
Enabled
31:15 - Reserved. -

JTAG ID code register
This register contains the JTAG ID code.
Table 78. JTAG ID code register (JTAGIDCODE, address 0x4007 43F4) bit description

Bit Symbol Description Reset value
31:0 JTAGID JTAG ID code. 0x19D6 C02B

Device IDO register

This register contains the part ID. The part ID can also be obtained using the ISP or IAP
ReadPartID commands. See Table 490 and Table 505.

LPC1549 = 0x00001549
LPC1548 = 0x00001548
LPC1547 = 0x00001547
LPC1519 = 0x00001519

LPC1518 = 0x00001518
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LPC1517 = 0x00001517

Table 79. Device IDO register (DEVICE_IDO, address 0x4007 43F8) bit description
Bit Symbol Description Reset value
31:0 PARTID Part ID part dependent

Device ID1 register

This register contains the boot ROM and die revisions.

Table 80. Device ID1 register (DEVICE_ID1, address 0x4007 43FC) bit description

Bit Symbol Description Reset value

31:0 REVID Revision. 0x0841 9D6C
3.7 Functional description
3.7.1 Reset

Reset has the following sources:

* The RESET pin. The RESET pin is a Schmitt trigger input pin.

¢ Watchdog reset.

* Power-On Reset (POR).

* Brown Out Detect (BOD).

* ARM software reset.

Assertion of the POR or the BOD reset, once the operating voltage attains a usable level,
starts the IRC. After the IRC-start-up time (maximum of 6 us on power-up), the IRC
provides a stable clock output. The reset remains asserted until the external Reset is
released, the oscillator is running, and the flash controller has completed its initialization.
On the assertion of any reset source (ARM software reset, POR, BOD reset, External
reset, and Watchdog reset), the following processes are initiated:

1. The IRC is enabled or starts up if not running.

2. The flash wake-up timer starts. This takes approximately 100 ps. Then the flash

initialization sequence is started, which takes about 250 cycles.
3. The boot code in the ROM starts. The boot code performs the boot tasks and may
jump to the flash.
When the internal Reset is removed, the processor begins executing at address 0, which
is initially the Reset vector mapped from the boot block. At that point, all of the processor
and peripheral registers have been initialized to predetermined values.
Remark: The switch matrix is only reset after a POR or BOD reset.
3.7.2 Start-up behavior

UM10736

See Figure 4 for the start-up timing after reset. The IRC is the default clock at Reset and
provides a clean system clock shortly after the supply voltage reaches the threshold value
of 1.8 V.
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Fig 4. Start-up timing
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3.7.3 Brown-out detection

3.7.4

UM10736

The part includes up to four levels for monitoring the voltage on the Vpp pin. If this voltage
falls below one of the selected levels, the BOD asserts an interrupt signal to the NVIC or
issues a reset, depending on the value of the BODRSTENA bit in the BOD control register
(Table 64).

The interrupt signal can be enabled for interrupt in the Interrupt Enable Register in the
NVIC (see Table 3) in order to cause a CPU interrupt; if not, software can monitor the
signal by reading a dedicated status register.

If the BOD interrupt is enabled in the STARTERP register and in the NVIC, the BOD
interrupt can wake up the chip from Deep-sleep and power-down mode.

If the BOD reset is enabled, the forced BOD reset can wake up the chip from Deep-sleep
or Power-down mode.

PLL functional description

The LPC15xx uses the PLL to create the clocks for the core and peripherals.

All three PLLs (system, USB, and SCT) are identical.
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(1) Do not use the IRC as a clock source for the USB full-speed operation.
Fig5. PLL block diagram
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The block diagram of this PLL is shown in Figure 5. The input frequency range is 10 MHz
to 25 MHz. The input clock is fed directly to the Phase-Frequency Detector (PFD). This
block compares the phase and frequency of its inputs, and generates a control signal
when phase and/ or frequency do not match. The loop filter filters these control signals
and drives the current controlled oscillator (CCO), which generates the main clock and
optionally two additional phases. The CCO frequency range is 156 MHz to 320 MHz.
These clocks are either divided by 2xP by the programmable post divider to create the
output clocks, or are sent directly to the outputs. The main output clock is then divided by
M by the programmable feedback divider to generate the feedback clock. The output
signal of the phase-frequency detector is also monitored by the lock detector, to signal
when the PLL has locked on to the input clock.

Remark: The divider values for P and M must be selected so that the PLL output clock
frequency FCLKOUT is lower than 100 MHz because the main clock is limited to a
maximum frequency of 100 MHz

Lock detector

The lock detector measures the phase difference between the rising edges of the input
and feedback clocks. Only when this difference is smaller than the so called “lock
criterion” for more than eight consecutive input clock periods, the lock output switches
from low to high. A single too large phase difference immediately resets the counter and
causes the lock signal to drop (if it was high). Requiring eight phase measurements in a
row to be below a certain figure ensures that the lock detector will not indicate lock until
both the phase and frequency of the input and feedback clocks are very well aligned. This
effectively prevents false lock indications, and thus ensures a glitch free lock signal.
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Power-down control

To reduce the power consumption when the PLL clock is not needed, a PLL Power-down
mode has been incorporated. This mode is enabled by setting the SYSPLL_PD bit to one
in the Power configuration register (Table 75). In this mode, the internal current reference
will be turned off, the oscillator and the phase-frequency detector will be stopped and the
dividers will enter a reset state. While in PLL Power-down mode, the lock output will be
low to indicate that the PLL is not in lock. When the PLL Power-down mode is terminated
by setting the SYSPLL_PD bit to zero, the PLL will resume its normal operation and will
make the lock signal high once it has regained lock on the input clock.

Divider ratio programming

Post divider

The division ratio of the post divider is controlled by the PSEL bits. The division ratio is two
times the value of P selected by PSEL bits as shown in Table 68. This guarantees an
output clock with a 50% duty cycle.

Feedback divider

The feedback divider’s division ratio is controlled by the MSEL bits. The division ratio
between the PLL’s output clock and the input clock is the decimal value on MSEL bits plus
one, as specified in Table 68.

Changing the divider values

Changing the divider ratio while the PLL is running is not recommended. As there is no
way to synchronize the change of the MSEL and PSEL values with the dividers, the risk
exists that the counter will read in an undefined value, which could lead to unwanted
spikes or drops in the frequency of the output clock. The recommended way of changing
between divider settings is to power down the PLL, adjust the divider settings and then let
the PLL start up again.

Frequency selection
The PLL frequency equations use the following parameters (also see Figure 5):

Table 81. PLL frequency parameters

Parameter System PLL

FCLKIN Frequency of sys_pliclkin (input clock to the system PLL) from the
SYSPLLCLKSEL multiplexer (see Section 3.6.18).

FCCO Frequency of the Current Controlled Oscillator (CCO); 156 to 320 MHz.

FCLKOUT Frequency of sys_pliclkout. This is the PLL output frequency and must be
< 100 MHz.

P System PLL post divider ratio; PSEL bits in SYSPLLCTRL (see
Section 3.6.40).

M System PLL feedback divider register; MSEL bits in SYSPLLCTRL (see

Section 3.6.40).

Normal mode

In this mode the post divider is enabled, giving a 50% duty cycle clock with the following
frequency relations:
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1)

Fclkout = M x Felkin = (FCCO)/(2 x P)

To select the appropriate values for M and P, it is recommended to follow these steps:

Specify the input clock frequency Fclkin.
Calculate M to obtain the desired output frequency Fclkout with M = Fkout / Felkin-
Find a value so that FCCO = 2 x P x F¢out-

Verify that all frequencies and divider values conform to the limits specified in
Table 68.

P w0 b

Remark: The divider values for P and M must be selected so that the PLL output clock
frequency FCLKOUT is lower than 100 MHz.

Table 82 shows how to configure the PLL for a 12 MHz crystal oscillator using the
SYSPLLCTRL register (Table 68). The main clock is equivalent to the system clock if the
system clock divider SYSAHBCLKDIV is set to one (see Table 49).

Table 82. PLL configuration examples

PLL input Main clock  MSEL bits M PSEL bits P FCCO SYSAHBCLKDIV System

clock (Fclkout) Table 68 divider Table 68 divider frequency clock

sys_pliclkin value value

(Fclkin)

12 MHz 72 MHz 5 6 1 2 288MHz 1 72 MHz

12 MHz 60 MHz 4 5 1 2 240 MHz 2 30 MHz

12 MHz 24 MHz 1 2 2 4 192 MHz 1 24 MHz
3.7.4.4.2 PLL Power-down mode

UM10736

3.7.5

In this mode, the internal current reference will be turned off, the oscillator and the
phase-frequency detector will be stopped and the dividers will enter a reset state. While in
PLL Power-down mode, the lock output will be low, to indicate that the PLL is not in lock.
When the PLL Power-down mode is terminated by SYSPLL_PD bit to zero in the
Power-down configuration register (Table 75), the PLL will resume its normal operation
and will make the lock signal high once it has regained lock on the input clock.

Frequency measure function

The Frequency Measure circuit is based on two 14-bit counters, one clocked by the
reference clock and one by the target clock. Synchronization between the clocks is
performed at the start and end of each count sequence.

A measurement cycle is initiated by software setting a control/status bit in the
FREQMECTRL register (Table 59). The software can then poll this same
measure-in-progress bit which will be cleared by hardware when the measurement
operation is completed.
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The measurement cycle terminates when the reference counter rolls-over. At that point
the state of the target counter is loaded into a capture field in the FREQMEAS register,
and the measure-in-progress bit is cleared. Software can read this capture value and
apply to it a specific calculation which will return the precise frequency of the target clock
in MHz.

Accuracy

The frequency measurement function can measure the frequency of any on-chip (or
off-chip) clock (referred to as the target clock) to a high degree of accuracy using another
on-chip clock of known frequency as a reference.

The following constraints apply:

* The frequency of the reference clock must be (somewhat) greater that the frequency
of the target clock.

* The system clock used to access the frequency measure function register must also
be greater than the frequency of the target clock.

The frequency measurement function circuit is able to measure the target frequency with
an error of less than 0.1%, provided the reference frequency is precisely known.

Uncertainty in the reference clock (for example the +/- 1% accuracy of the IRC) will add to
the measurement error of the target clock. In general, though, this additional error is less
than the uncertainty of the reference clock.

There can also be a modest loss of accuracy if the reference frequency exceeds the
target frequency by a very large margin (25x or more). Accuracy is not a simple function of
the magnitude of the frequency difference, however. Nearly identical frequency
combinations, still with a spread of about 43x, result in errors of less than 0.05 %.

If the target and reference clocks are different by more than a factor of approximately
500, then the accuracy decreases to +/- 4 %.
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4.1 How to read this chapter

4.2 Features

The LPC15xx provides an on-chip API in the boot ROM to optimize power consumption in
active and sleep modes and configure the part for deep-sleep and power-down modes.

See Chapter 35
The PMU is identical for all parts.

¢ Control of the reduced power modes

* Four general purpose backup registers to retain data in Deep power-down mode

4.3 Basic configuration

The PMU is always on as long as the Vpp or Vgat supply voltages are present.

To turn analog components on or off in active and sleep modes, use the PDRUNCFG
register (see Table 75). In deep-sleep and power-down modes, the power profile API
controls which analog peripherals remain powered up (see Table 517). There is no
register implemented to turn analog peripherals on or off for deep-sleep mode or
power-down mode.

4.4 Pin description

In Deep power-down only the WAKEUP pin (PIO0_17) is functional if Vpp is present. To
conserve additional power, the WAKEUP pin function can be disabled in the GPREG4
register.

Remark: When entering Deep power-down mode, an external pull-up resistor is required
on the WAKEUP pin to hold it HIGH until LOW going pulse wakes up the part. In addition,
pull the RESET pin HIGH to prevent it from floating while in Deep power-down mode.

4.5 General description

UM10736

Power to the part is supplied via two power domains. The main power domain is powered
by VDD and supplies power to the core, peripheral, memories, inputs and outputs via an
on-chip regulator.

A second, always-on power domain can either be powered be VDD if present or by VBAT
and supplies power to the RTC and five general-purpose back-up registers which can be
used to save data in deep power-down mode or when VDD is shut down.
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The power use is controlled by the PMU, by the SYSCON block, and the ARM Cortex-M3
core. The ROM based power configuration API configures the part for each reduced
power mode. The following modes are supported in order from highest to lowest power
consumption:

1. Active mode: The part is in active mode after a POR and when it is fully powered and

operational after booting.

. Sleep mode:

The sleep mode affects the ARM Cortex-M3 core only. The clock to the core is shut
off. Peripherals and memories are active and operational.

. Deep-sleep and power-down modes:

The Deep-sleep and power-down modes affect the core and the entire system with
memories and peripherals. In both modes, the clock to the core is shut down and the
peripherals receive no internal clocks. All SRAM and registers maintain their internal
states.

Through the power profiles API, you can opt to keep several peripherals running for
safe operation of the part ( WWDT and BOD) or for monitoring analog inputs
(comparators and internal voltage reference and temperature sensor via one of the
comparators).

The differences between Deep-sleep mode and Power-down modes are the
following:
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In Deep-sleep mode, the flash is in stand-by mode and the IRC is running with its
output disabled to minimize wake-up time.

In Power-down mode, the flash and the IRC are powered down to conserve power
at the expense of longer wake-up times.

4. Deep power-down mode:

For maximal power savings, the entire system (the core and all peripherals) is shut
down except for the PMU with the general purpose registers (GPREG) and the RTC.
On wake-up, the part reboots.

Table 83. Peripheral configuration in reduced power modes

Peripheral Sleep mode
IRC software
configurable
IRC output software
configurable
Flash software
configurable
BOD software

configurable

PLL software
configurable

SysOsc software
configurable

WDosc/WWDT software
configurable

USART software
configurable

SPI software
configurable
12C software
configurable
Other digital software
peripherals configurable
Analog software
peripherals configurable

RTC oscillator  software
configurable

Deep-sleep mode Power-down mode Deep
power-down
mode

on off off

off off off

on off off

software configurable software configurable off

off off off

off off off

software configurable software configurable off

off; but can create wake-up off; but can create wake-up interrupt  off

interrupt in synchronous slave in synchronous slave mode or 32 kHz

mode or 32 kHz clock mode clock mode

off; but can create wake-up off; but can create wake-up interrupt  off

interrupt in slave mode in slave mode

off; but can create wake-up off; but can create wake-up interrupt  off

interrupt in slave mode in slave mode

off off off

software configurable software configurable off

software configurable software configurable software

configurable

4.5.1 Wake-up process

The part always wakes up to the active mode. To wake up from the reduced power
modes, you must configure the wake-up source. Each reduced power mode supports its
own wake-up sources and needs to be configured accordingly as shown in Table 84.

UM10736
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Table 84. Wake-up sources for reduced power modes

Power mode
Sleep

Deep-sleep and
Power-down

Deep power-down

Wake-up source
Any interrupt

Pin interrupts
BOD interrupt

BOD reset
WWDT interrupt

WWDT reset

ACMP
output/temperature
sensor/internal
voltage reference

RTC 1 Hz alarm timer

RTC 1 kHz timer
time-out and alarm

12C interrupt
SPl interrupt
USART interrupt
USB interrupt

WAKEUP pin
PIO0_17

RTC 1 Hz alarm timer

RTC 1 kHz timer
time-out and alarm

Conditions
Enable interrupt in NVIC.
Enable pin interrupts in NVIC and STARTERPO registers.

Enable interrupt in NVIC and STARTERPO registers.
Enable interrupt in BODCTRL register.
Configure the BOD to keep running in this mode with the power API.

Enable reset in BODCTRL register.

Enable interrupt in NVIC and STARTERPO registers.

WWDT running. Enable WWDT in WWDT MOD register and feed.

Enable interrupt in WWDT MOD register.

Configure the WDOSC to keep running in this mode with the power API.
WWDT running.

Enable reset in WWDT MOD register.

Enable analog comparator interrupt in the NVIC and STARTERP1 register.

Configure the analog comparators or the temperature sensor or the
internal voltage reference to keep running with the power API.

Enable the RTC 1 Hz oscillator in the RTC CTRL register.

Start RTC alarm timer by writing a time-out value to the RTC COUNT
register.

Enable the RTCALARM interrupt in the STARTERP1 register.

Enable the RTC 1 Hz oscillator and the RTC 1 kHz oscillator in the RTC
CTRL register.

Start RTC 1 kHz timer by writing a time-out value to the RTC WAKE
register.

Enable the RTCWAKE interrupt in the STARTERP1 register.

Interrupt from 12C in slave mode. See Section 26.4.3.2.

Interrupt from SPI in slave mode. See Section 25.3.1.2.
Interrupt from USART in slave or 32 kHz mode. See Section 24.3.2.2.
USB wake signal. See Section 23.7.6.1.

Enable the WAKEUP function in the GPREGA4 register in the PMU. This is the
default.

Enable the RTC 1 Hz oscillator in the RTC CTRL register.

Start RTC alarm timer by writing a time-out value to the RTC COUNT
register.

Enable the RTC 1 Hz oscillator and the RTC 1 kHz oscillator in the RTC
CTRL register.

Start RTC 1 kHz timer by writing a time-out value to the RTC WAKE
register.

UM10736
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4.6 Register description

UM10736

4.6.1

4.6.2

Table 85. Register overview: PMU (base address 0x4003 C000)

Name Access Address Description Reset  Reference
offset value
PCON R/W 0x000 Power control register 0x0 Table 86
GPREGO R/W 0x004 General purpose register 0 0x0 Table 87
GPREG1 R/W 0x008 General purpose register 1 0x0 Table 87
GPREG2 R/W 0x00C General purpose register 2 0x0 Table 87
GPREG3 R/W 0x010 General purpose register 3 0x0 Table 87
GPREG4 R/W 0x014 General purpose register 4. 0x0 Table 88

WAKEUP pad control.

Power control register

The power control register provides a lock mechanism to prevent the part from entering
Deep power-down mode. Together with the BOD and WWDT, the lock bit allows safe
operation of the part at all times.

In addition, this register sets the flags that indicate what reduced power mode the part has
exited on wake-up.

Table 86. Power control register (PCON, address 0x4003 C000) bit description

Bit Symbol Value Description Reset
value

2:0 - Reserved. 000

NODPD A 1 in this bit prevents entry to Deep power-down mode. O
This bit is cleared by power-on reset (POR).

74 - - Reserved. Do not write ones to this bit.
SLEEPFLAG Sleep mode flag

0 Read: No power-down mode entered. The partis in Active
mode.
Write: No effect.

1 Read: Sleep, Deep-sleep, or Power-down mode entered.
Write: Writing a 1 clears the SLEEPFLAG bit to 0.

1009 - - Reserved. Do not write ones to this bit.
11 DPDFLAG Deep power-down flag

0 Read: Deep power-down mode not entered.
Write: No effect.

1 Read: Deep power-down mode entered.
Write: Clear the Deep power-down flag.

31:12 - - Reserved. Do not write ones to this bit. 0

General purpose registers 0 to 3

The general purpose registers retain data through the Deep power-down mode when
power is still applied to the Vpp pin but the chip has entered Deep power-down mode.
Only a cold boot - when all power has been completely removed from the chip - will reset
the general purpose registers.
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Table 87. General purpose registers 0to 3 (GPREG[0:3], address 0x4003 C004 (GPREGO) to
0x4003 C010 (GPREGQJ)) bit description

Bit Symbol Description Reset
value
31:.0 GPDATA Data retained during Deep power-down mode. 0x0

General purpose register 4

This register provides extra bits for data to be retained during Deep power-down mode. In
addition, this register configures the functionality and the hysteresis of the WAKEUP pin
(P100_17).

The bits in the register not used for the WAKEUP pin control (bits 31:10) can be used for
storing additional data which are retained in Deep power-down mode in the same way as
registers GPREGO to GPREGS3.

Remark: If there is a possibility that the external voltage applied on pin Vpp drops below
2.2 V during Deep power-down, the hysteresis of the WAKEUP input pin has to be
disabled in this register before entering Deep power-down mode in order for the chip to
wake up.

Table 88. General purpose register 4 (GPREG4, address 0x4003 C014) bit description

Bit Symbol Value Description Reset
value
0 WAKEUPHYS WAKEUP pin hysteresis enable 0
0 Disabled. Hysteresis for WAKEUP pin disabled.
Enabled. Hysteresis for WAKEUP pin enabled.
1 WAKEPAD_ WAKEUP pin disable. Setting this bit disables the 0
DISABLE wake-up pin, so it can be used for other purposes.

Remark: Never set this bit if you intend to use a pin to
wake up the part from Deep power-down mode. You
can only disable the wake-up pin if the RTC wake-up
is enabled and configured.

Remark: Setting this bit is not necessary if Deep
power-down mode is not used.

0 Enabled. The wake-up function is enabled on pin
PIOO_17.

1 Disabled. Setting this bit disables the wake-up
function on pin PIO0_17.

9:2 Reserved. Do not write 1s to reserved bits. 0x0

31:10

Data retained during Deep power-down mode. 0x0
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4.7 Functional description
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4.7.1

4.7.2

4.7.2.1

4.7.3

Power management

The LPC15xx support a variety of power control features. In Active mode, when the chip is
running, power and clocks to selected peripherals can be optimized for power
consumption. In addition, there are four special modes of processor power reduction with
different peripherals running: Sleep mode, Deep-sleep mode, Power-down mode, and
Deep power-down mode.

Remark: The Debug mode is not supported in Sleep, Deep-sleep, Power-down, or Deep
power-down modes.

Active mode

In Active mode, the ARM Cortex-M3 core, memories, and peripherals are clocked by the
system clock or main clock.

The chip is in Active mode after reset and the default power configuration is determined
by the reset values of the PDRUNCFG and SYSAHBCLKCTRL registers. The power
configuration can be changed during run time.

Power configuration in Active mode

Power consumption in Active mode is determined by the following configuration choices:

* The SYSAHBCLKCTRL registers controls which memories and peripherals are
running (Table 50 and Table 51).

* The power to various analog blocks (PLL, oscillators, the BOD circuit, and the flash
block) can be controlled at any time individually through the PDRUNCFG register
(Table 75 “Power configuration register (PDRUNCFG, address 0x4007 4208) bit

description”).

* The clock source for the system clock can be selected from the IRC (default), the
system oscillator, the 32 kHz oscillator, or the watchdog oscillator (see Figure 3 and
related registers).

* The system clock frequency can be selected by the SYSPLLCTRL (Table 68) and the
SYSAHBCLKDIV register (Table 49). You can find optimal settings for setting the
system PLL by using the set_pll routine in the power API (Table 515).

¢ Several peripherals use individual peripheral clocks with their own clock dividers. The
peripheral clocks can be shut down through the corresponding clock divider registers.

* The power API provides an easy way to optimize power consumption depending on
CPU load and performance requirements. See Section 35.3.

Sleep mode

In Sleep mode, the system clock to the ARM Cortex-M3 core is stopped and execution of
instructions is suspended until either a reset or an interrupt occurs.

Peripheral functions, if selected to be clocked in the SYSAHBCLKCTRL registers,
continue operation during Sleep mode and may generate interrupts to cause the
processor to resume execution. Sleep mode eliminates dynamic power used by the

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.

User manual

Rev. 1.1 — 3 March 2014 84 of 759



NXP Semiconductors UM10736

UM10736

4.7.3.1

4.7.3.2

4.7.3.3

4.7.4

4.7.4.1

Chapter 4: LPC15xx Power Management Unit (PMU)

processor itself, memory systems and related controllers, and internal buses. The
processor state and registers, peripheral registers, and internal SRAM values are
maintained, and the logic levels of the pins remain static.

As in active mode, the power API provides an easy way to optimize power consumption
depending on CPU load and performance requirements in sleep mode. See Section 35.3.

Power configuration in Sleep mode

Power consumption in Sleep mode is configured by the same settings as in Active mode:

* The clock remains running.

* The system clock frequency remains the same as in Active mode, but the processor is
not clocked.

* Analog and digital peripherals are selected as in Active mode.

Programming Sleep mode

The following steps must be performed to enter Sleep mode:

1. In the NVIC, enable all interrupts that are needed to wake up the part.

2. Call power API: pPWRD->power_mode_configure(SLEEP, peripheral);
Remark: The peripheral parameter is don't care.

3. Issue the ARM Cortex-M3 Wait-For-Interrupt (WFI) instruction.

Wake-up from Sleep mode

Sleep mode is exited automatically when an interrupt enabled by the NVIC arrives at the
processor or a reset occurs. After wake-up due to an interrupt, the microcontroller returns
to its original power configuration defined by the contents of the PDRUNCFG and the
SYSAHBCLKCTRL registers. If a reset occurs, the microcontroller enters the default
configuration in Active mode.

Deep-sleep mode

In Deep-sleep mode, the system clock to the processor is disabled as in Sleep mode. All
analog blocks are powered down by default but can be selected to keep running through
the power API if needed as wake-up sources. The main clock, and therefore all peripheral
clocks, are disabled. The IRC is running, but its output is disabled. The flash is in stand-by
mode.

Deep-sleep mode eliminates all power used by analog peripherals and all dynamic power
used by the processor itself, memory systems and related controllers, and internal buses.
The processor state and registers, peripheral registers, and internal SRAM values are
maintained, and the logic levels of the pins remain static.

Power configuration in Deep-sleep mode

Power consumption in Deep-sleep mode is determined by which analog wake-up sources
are enabled. Serial peripherals and pin interrupts configured to wake up the part do not
contribute to the power consumption. All wake-up events (from analog and serial
peripherals) must be enabled in the STARTERP registers and in the NVIC. In addition,
each analog block must be explicitly enabled through the power API function
power_mode_configure() for wake-up. See Table 84.
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4.7.4.2 Programming Deep-sleep mode

The following steps must be performed to enter Deep-sleep mode:
1. Select wake-up sources and enable all selected wake-up events in the STARTERP
registers (Table 76 and Table 77) and in the NVIC.

2. Select the power configuration after wake-up in the PDAWAKECFG (Table 74)
register.

3. Select the IRC as the main clock. See Table 40.

4. Call the power API with the parameter peripheral set to enable the analog peripherals
the serve as wake-up sources (see Table 518 “Bit values for the
power _mode configure peripheral parameter”):
pPWRD->power_mode_configure(DEEP_SLEEP, peripheral);

5. Use the ARM WFI instruction.

4.7.4.3 Wake-up from Deep-sleep mode

The part can wake up from Deep-sleep mode in the following ways:

* Using a signal on one of the eight pin interrupts selected in Table 131. Each pin
interrupt must also be enabled in the STARTERPO register (Table 76) and in the
NVIC.

* Using an interrupt from any analog block configured in the power API. Also enable the
wake-up sources in the STARTERP registers (Table 76 and Table 77) and the NVIC.

¢ Using a reset from the RESET pin, or the BOD or WWDT (if enabled in the power
API).

¢ Using a wake-up signal from any of the serial peripherals. Also enable the wake-up
sources in the STARTERP registers (Table 76 and Table 77) and the NVIC.

¢ GPIO group interrupt signal. Interrupt must also be enabled in the STARTERP1
register (Table 76) and in the NVIC.

* RTC alarm signal or wake-up signal. See Section 18.1. Interrupts must also be
enabled in the STARTERPL register (Table 76) and in the NVIC.

4.75 Power-down mode

In Power-down mode, the system clock to the processor is disabled as in Sleep mode. All
analog blocks are powered down by default but can be selected to keep running if needed
for waking up the part. The main clock and therefore all peripheral clocks are disabled
except for the clock to the watchdog timer if the watchdog oscillator is selected. The IRC
itself and the flash are powered down, decreasing power consumption compared to
Deep-sleep mode.

Power-down mode eliminates all power used by analog peripherals and all dynamic
power used by the processor itself, memory systems and related controllers, and internal
buses. The processor state and registers, peripheral registers, and internal SRAM values
are maintained, and the logic levels of the pins remain static. Wake-up times are longer
compared to the Deep-sleep mode.
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Power configuration in Power-down mode

Power consumption in power-down mode is determined by which analog wake-up
sources are enabled. Serial peripherals and pin interrupts configured to wake up the part
do not contribute to the power consumption. All wake-up events (from analog and serial
peripherals) must be enabled in the STARTERP registers and in the NVIC. In addition,
each analog block must be explicitly enabled through the power API function
power_mode_configure() for wake-up. See Table 84.

Programming Power-down mode
The following steps must be performed to enter Power-down mode:
1. Select wake-up sources and enable all related wake-up events in the STARTERP
registers (Table 76 and Table 77) and in the NVIC.

2. Select the power configuration after wake-up in the PDAWAKECFG (Table 74)
register.

3. Select the IRC as the main clock. See Table 40.

4. Call the power API with the peripheral parameter set to enable the analog wake-up
sources: pPWRD->power_mode_configure(POWER_DOWN, peripheral);

5. Use the ARM WFI instruction.

4.7.5.3 Wake-up from Power-down mode

The part can wake up from Power-down mode in the following ways:

¢ Using a signal on one of the eight pin interrupts selected in Table 131. Each pin
interrupt must also be enabled in the STARTERPO register (Table 76) and in the
NVIC.

¢ Using an interrupt from any analog block configured in the power API. Also enable the
wake-up sources in the STARTERP registers (Table 76 and Table 77) and the NVIC.

¢ Using a reset from the RESET pin, or the BOD or WWDT (if enabled in the power
API).

¢ Using a wake-up signal from any of the serial peripherals. Also enable the wake-up
sources in the STARTERP registers (Table 76 and Table 77) and the NVIC.

* GPIO group interrupt signal. Interrupt must also be enabled in the STARTERP1
register (Table 76) and in the NVIC.

* RTC alarm signal or wake-up signal. See Section 18.1. Interrupts must also be
enabled in the STARTERPL1 register (Table 76) and in the NVIC.

4.7.6 Deep power-down mode

In Deep power-down mode, power and clocks are shut off to the entire chip with the
exception of the WAKEUP pin and the RTC.

During Deep power-down mode, the contents of the SRAM and registers are not retained
except for a small amount of data which can be stored in the general purpose registers of
the PMU block.

All functional pins are tri-stated in Deep power-down mode except for the WAKEUP pin. In
this mode, you must pull the RESET pin HIGH externally.
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Remark: Setting bit 3 in the PCON register (Table 86) prevents the part from entering
Deep-power down mode.

4.7.6.1 Power configuration in Deep power-down mode

Deep power-down mode has no configuration options. All clocks, the core, and all
peripherals are powered down. Only the WAKEUP pin and the RTC are powered.

4.7.6.2 Programming Deep power-down mode using the WAKEUP pin:

The following steps must be performed to enter Deep power-down mode when using the
WAKEUP pin for waking up:

E A

5.

Pull the WAKEUP pin externally HIGH.

Ensure that bit 3 in the PCON register (Table 86) is cleared.

Store data to be retained in the general purpose registers (Section 4.6.2).

Call the power API: pPWRD->power_mode_configure(DEEP_POWER_DOWN, peripheral);
Remark: The peripheral parameter is don’t care.

Use the ARM WFI instruction.

4.7.6.3 Wake-up from Deep power-down mode using the WAKEUP pin:

Pulling the WAKEUP pin LOW wakes up the part from Deep power-down, and the chip
goes through the entire reset process.

1.

On the WAKEUP pin, transition from HIGH to LOW.

— The PMU will turn on the on-chip voltage regulator. When the core voltage reaches
the power-on-reset (POR) trip point, a system reset will be triggered and the chip
re-boots.

— All registers except the DPDCTRL and GPREGO to GPREG3registers will be in
their reset state.

. Once the chip has booted, read the deep power-down flag in the PCON register

(Table 86) to verify that the reset was caused by a wake-up event from Deep
power-down and was not a cold reset.

3. Clear the deep power-down flag in the PCON register (Table 86).

4. (Optional) Read the stored data in the general purpose registers (Section 4.6.2).

5. Set up the PMU for the next Deep power-down cycle.

Remark: The RESET pin has no functionality in Deep power-down mode.

4.7.6.4 Programming Deep power-down mode using the RTC for wake-up:

The following steps must be performed to enter Deep power-down mode when using the
RTC for waking up:

1.

Set up the RTC high resolution timer. Write to the RTC VAL register. This starts the
high res timer if enabled. Another option is to use the 1 Hz alarm timer.

2. Ensure that bit 3 in the PCON register (Table 86) is cleared.
3. Store data to be retained in the general purpose registers (Section 4.6.2).

Call the power API: pPWRD->power_mode_configure(DEEP_POWER_DOWN, peripheral);
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Remark: The peripheral parameter is don't care.
5. Use the ARM WFI instruction.

4.7.6.5 Wake-up from Deep power-down mode using the RTC:

The part goes through the entire reset process when the RTC times out:

1. When the high resolution timer count reaches 0, the following happens:

— The PMU will turn on the on-chip voltage regulator. When the core voltage reaches
the power-on-reset (POR) trip point, a system reset will be triggered and the chip
boots.

— All registers except the DPDCTRL and GPREGO to GPREG3 registers will be in
their reset state.

2. Once the chip has booted, read the deep power-down flag in the PCON register
(Table 86) to verify that the reset was caused by a wake-up event from Deep
power-down and was not a cold reset.

3. Clear the deep power-down flag in the PCON register (Table 86).
4. (Optional) Read the stored data in the general purpose registers (Section 4.6.2).
5. Set up the PMU for the next Deep power-down cycle.

Remark: The RESET pin has no functionality in Deep power-down mode.
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5.1 How to read this chapter

User manual

5.2 Features

USB drivers and the USB boot option are available on parts LPC1549/48/47 only.

* 32

kB on-chip boot ROM

* Contains the boot loader with In-System Programming (ISP) facility and the following
APls:

In-Application Programming (IAP) of flash memory

5.3 Pin description

Power profiles for optimizing power consumption and system performance and for

controlling low power modes

USART drivers
C_CAN drivers
I12C drivers
DMA drivers
SPI drivers

UM10736

The parts support ISP via the USARTO, C_CAN, or USB interfaces. The ISP mode is
determined by the state of two pins at boot time:

Table 89. ISP modes

ISP mode ISP_0O ISP_1
No ISP HIGH HIGH
C_CAN HIGH LOW
USB LOW HIGH
USARTO LOW LOW

Description
ISP bypassed. Part attempts to boot from flash.

If the part is not programmed or contains invalid user
code, this mode will enter ISP via USB.

Remark: If IAP function Reinvoke ISP is called, and
both ISP pins are HIGH, the part enters one of the ISP
mode depending on the parameter passed with the
IAP function. See Table 508.

Part enters ISP via C_CAN.
Part enters ISP via USB.
Part enters ISP via USARTO.

The ISP pin assignment is different for each package, so that the fewest functions
possible are blocked. No more than four pins must be set aside for entering ISP in any
ISP mode. The boot code assigns two ISP pins for each package which are probed when
the part boots to determine whether or not to enter ISP mode. Once the ISP mode has
been determined, the boot loader configures the necessary serial pins for each package.
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Pins which are not configured by the boot loader for the selected boot mode (for example
CANO_RD and CANO_TD in USART mode) can be assigned to any function through the

switch matrix.

PIO0_11/ADC1_3
PIO0_13/ADC1_6
PIO0_14/ADC1_7/
SCT1_OUT5
PIO0_15/ADC1_8
PIO0_16/ADC1_9
PIO0_18/SCTO_OUT5

PIO0_31/ADCO_9

PIO1_9/ACMP2_l4
PIO1_11

PIO2_4

PI02_5
PIO2_6

CANO_RD (C_CAN
mode only)

UO_RXD (USART
mode only)

UO_TXD (USART
mode only)

ISP_1. In USB mode
also USB_VBUS.

CANO_TD (C_CAN
mode only)

CANO_RD (C_CAN
mode only)

U0_RXD (USART
mode only)

UO_TXD (USART
mode only)

CANO_TD (C_CAN
mode only)

ISP_0

ISP_1. In USB mode
also USB_VBUS.

All information provided in this document is subject to legal disclaimers.

Table 90. ISP pin assignments

ISP pin LQFP48 LQFP64 LQFP100
ISP_0 PIOO_4 PIO1_9 PI02_5
ISP_1 PIO0_16 PIO1_11 PIO2_4
USART mode

Uo_TXD PIO0_15 PIO0O_18 PIO2_6
UO_RXD PIO0O_14 PIO0_13 PIO2_7
C_CAN mode

CANO_TD PIOO_18 PIO0_31 PIO2_8
CANO_RD PIO0_13 PIO0_11 P102_9
USB mode

USB_VBUS (same as ISP_1) PIO0_16 PIO1_11 PIO2_4
Table 91. Default pin assignments for different ISP modes

Symbol LQFP48 LQFP64 LQFP100
PIO0_4/ADCO_4 ISP_0O - -

ISP_1. In USB mode
also USB_VBUS.

ISP_0

UO_TXD (USART
mode only)
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Table 91. Default pin assignments for different ISP modes ...continued

Symbol LQFP48 LQFP64 LQFP100

PIO2_7 - - UO_RXD (USART
mode only)

PIO2_8 - - CANO_TD (C_CAN
mode only)

PIO2_9 - - CANO_RD (C_CAN
mode only)

5.4 General description

The boot loader controls initial operation after reset and also provides the means to
program the flash memory. This could be initial programming of a blank device, erasure
and re-programming of a previously programmed device, or programming of the flash
memory by the application program in a running system.

The boot loader code is executed every time the part is powered on or reset (see
Figure 7). The loader can execute the ISP command handler or the user application code.
See Table 89 “ISP modes” for different boot modes.

The boot loader version can be read by ISP/IAP calls (see Table 492 or Table 506).

Assuming that power supply pins are at their nominal levels when the rising edge on
RESET pin is generated, it may take up to 3 ms before the boot pins are sampled and the
decision whether to continue with user code or ISP handler is made. If the boot pins are
sampled LOW and the watchdog overflow flag is set, the external hardware request to
start the ISP command handler is ignored. If there is no request for the ISP command
handler execution, a search is made for a valid user program. If a valid user program is
found then the execution control is transferred to it. If a valid user program is not found,
the auto-baud routine is invoked.

Remark: In USB ISP mode, an external 12 MHz crystal is required to communicate with
the external storage device.

See Chapter 34 “LPC15xx Flash/EEPROM API” for the ISP and IAP commands.
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5.4.1 Boot process flowchart
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RESET
INITIALIZE

CRP1/2/3
ENABLED?

ENABLE DEBUG

yes

WATCHDOG yes

FLAG SET?

CRP3/NO_ISP
ENABLED?

yes

ENTER ISP
MODE?

yes

USER CODE
VALID?

ISP_0 = HIGH
ISP_1 = HIGH
user code

not valid

yes

yes
ENUMERATE AS MSC
DEVICE TO PC

USER CODE
VALID?

®

Fig 7. Boot process flowchart

INIT C_CAN

yes
| RUN AUTO-BAUD |

AUTO-BAUD
SUCCESSFUL?

| RECEIVE CRYSTAL FREQUENCY |

| RUN ISP COMMAND HANDLER |
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Criterion for valid user code

The reserved ARM Cortex-M3 exception vector location 7 (offset 0x0000 001C in the
vector table) should contain the 2's complement of the check-sum of table entries O
through 6. This causes the checksum of the first 8 table entries to be 0. The boot loader
code checksums the first 8 locations in sector 0 of the flash. If the result is 0, then
execution control is transferred to the user code.

If the signature is not valid, the part enumerates as a USB MSC device. See Figure 7
“Boot process flowchart” and Section 34.5 “USB communication protocol”.

ROM-based APIs

Once the part has booted, the user code can access several APIs located in the boot
ROM to access the flash memory, optimize power consumption, and operate the
peripherals.

The location of the APIs in boot ROM is shown in Figure 8.
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Ptr to IAP
0x0300 0205 IAP calls

Ptr to ROM Driver table
0x0300 0200

ROM Driver Table

+0x0 ]
- Pointer to USB driver Device 0
+0x4 USB driver table
Reserved
+0x8
Pointer to C_CAN driver function table Device 2
+0xC — C_CAN driver table
Pointer to power profiles Device 3
+0x10 function table Power profiles API function table
Reserved
+0x14
Device 5
Pointer to 12C driver routine function 12C driver routines function table
+0x18 table
Device 6
Pointer to DMA driver routine function DMA driver routines function table
table
+0x1C Device 7
Pointer to SPI driver function table SPI driver routines function table
+0x20 Device 8
Pointer to ADC driver function table ADC driver routines function table
+0x24 Pointer to USART driver Device 9
. . UART driver routines function table
0x28 routines function table
+
x Device n
Reserved -
+0x2C Ptr to Function 0
Reserved Ptr to Function 1
Ptr to Function 2
Ptr to Device Table n
Ptr to Function n

Fig 8. Boot ROM structure

Table 92. APl reference

API Description Reference

Flash IAP Flash In-Application programming Table 500

USB API USB driver Section 42.3.1
C_CAN API C_CAN driver Table 583

Power profiles APl Configure system clock and power consumption. Table 514

Control low power modes and wake-up.
12C driver 12C ROM driver Table 542
DMA driver DMA ROM driver Table 531
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Table 92. APl reference

API Description Reference
SPI driver SPI1 ROM driver Table 575
ADC driver ADC ROM driver Table 563
USART driver USART ROM driver for USARTO0/1/2 Table 521

typedef struct {
const USBD_API_T *pUSBD; /*!< USBD API function table base address */
const uint32_t reserved0; /*1< Reserved */
const CAND_API_T *pCAND; /*!< C_CAN API function table base address */
const PWRD_API_T *pPWRD; /*!< Power APl function table base address */
const reservedl; /*1< reserved */
const 12CD_API_T *pl2CD; /*!< 12C driver APl function table base address */
const DMAD_API_T *pDMAD; /*!< DMA driver APl function table base address */
const SPID_API_T *pSPID; /*1< SPI driver APl function table base address */
const ADCD_API_T *pADCD; /*1< ADC driver APl function table base address */
const UARTD_API_T *pUARTD; /*1< USART driver APl function table base address */
} LPC_ROM_API _T;

#define ROM_DRIVER_BASE (0x03000200UL)
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6.1 Pin description

Table 93. Pin description

Symbol ® o o Reset Type Description
§ E E statell]
T 9 9

P1O0_0O/ADCO_10/ 1 2 2 @ ;;pPUu 10 P100_0 — General purpose port 0 input/output 0.
SCT0_OuUT3 A ADCO_10 — ADCO input 10.

(@) SCTO0_OUT3 — SCTimer0/PWM output 3.
P100_1/ADCO_7/ 2 5 6 @ Py 10 P100_1 — General purpose port 0 input/output 1.
SCT0_ouT4 A ADCO_ 7 — ADCO input 7.

(@) SCT0_OUT4 — SCTimer0/PWM output 4.
P100_2/ADCO_6/ 3 6 8 @ ;;pPu 10 P100_2 — General purpose port 0 input/output 2.
SCT1_0UT3 ADCO_6 — ADCO input 6.

(@) SCT1_OUT3 — SCTimerl/PWM output 3.
P100_3/ADCO_5/ 4 7 10 @& | ,PU IO P100_3 — General purpose port 0 input/output 3.
SCT1_ouT4 A ADCO 5— ADCO input 5.

(@) SCT1_OUT4 — SCTimerl/PWM output 4.
P1O0_4/ADCO_4 5 8 13 @ |;PU 10 P100_4 — General purpose port 0 input/output 4. This is

the ISP_0 boot pin for the LQFP48 package.

A ADCO_4 — ADCO input 4.
P1O0_5/ADCO_3 6 9 14 @ |;PU 10 P100_5 — General purpose port 0 input/output 5.

A ADCO_3 — ADCO input 3.
P1O0_6/ADCO_2/ 7 10 16 @ [ PU IO P100_6 — General purpose port 0 input/output 6.
SCT2_0uUT3 A ADCO_2 — ADCO input 2.

(@) SCT2_OUT3 — SCTimer2/PWM output 3.
P100_7/ADCO_1 8 1 17 @ ;PU 10 P100_7 — General purpose port 0 input/output 7.

A ADCO_1 — ADCO input 1.
P100_8/ADCO_0/TDO 9 12 19 @ |;pU 10 P100_8 — General purpose port 0 input/output 8.
In boundary scan mode: TDO (Test Data Out).
A ADCO_0 — ADCO input 0.
P1O0_9/ADC1_1/TDI 12 16 24 @ |;PU 10 P100_9 — General purpose port 0 input/output 9.
In boundary scan mode: TDI (Test Data In).
A ADC1_1— ADC1 input 1.

P1O0_10/ADC1_2 15 19 28 @& |;PU IO P100_10 — General purpose port O input/output 10.
A ADC1_2 — ADC1 input 2.
P1O0_11/ADC1_3 18 23 33 & |;PU IO P100_11 — General purpose port 0 input/output 11.

On the LQFP64 package, this pin is assigned to
CANO_RD in ISP C_CAN mode.

A ADC1_3 — ADC1 input 3.
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Table 93. Pin description

Symbol Reset Type Description

statelll

5 LQFP48
N LQFP64
% LQFP100

PIO0_12/DAC_OUT Bl ,PU IO P100_12 — General purpose port 0 input/output 12. If this

pin is configured as a digital input, the input voltage level
must not be higher than Vppa.

A DAC_OUT — DAC analog output.
P1O0_13/ADC1_6 21 29 43 @ |;PU 10 P100_13 — General purpose port 0 input/output 13.

On the LQFP64 package, this pin is assigned to U0_RXD
in ISP USART mode.

On the LQFP48 package, this pin is assigned to
CANO_RD in ISP C_CAN mode.

A ADC1_6 — ADC1 input 6.
P100_14/ADC1_7/ 22 30 45 [@ |,PU IO P100_14 — General purpose port O input/output 14.

SCT1_OUT5 On the LQFP48 package, this pin is assigned to U0_RXD
in ISP USART mode.

A ADC1_7 — ADC1 input 7.
(@) SCT1_OUT5 — SCTimerl/PWM output 5.
P1O0_15/ADC1_8 23 31 47 @ |;PU 10 P100_15 — General purpose port 0 input/output 15.

On the LQFP48 package, this pin is assigned to UO_TXD
in ISP USART mode.

A ADC1_8 — ADC1 input 8.
P1O0_16/ADC1_9 24 32 49 @A |;PU 10 P100_16 — General purpose port 0 input/output 16.
On the LQFP48 package, this is the ISP_1 boot pin.

A ADC1_9 — ADC1 input 9.

PIO0_17/WAKEUP/ 28 39 61 B L,PU 10 P10O0_17 — General purpose port O input/output 17. In
TRST boundary scan mode: TRST (Test Reset).

This pin triggers a wake-up from Deep power-down mode.
If you need to wake up from Deep power-down mode via
an external pin, do not assign any movable function to this
pin. Pull this pin HIGH externally while in Deep
power-down mode. Pull this pin LOW to exit Deep
power-down mode. A LOW-going pulse as short as 50 ns
wakes up the part.

PI100_18/ 13 17 26 Bl |;PU 10 P100_18 — General purpose port 0 input/output 18.

SCT0_OUTS5 On the LQFP64 package, this pin is assigned to U0_TXD
in ISP USART mode.

On the LQFP48 package, this pin is assigned to
CANO_TD in ISP C_CAN mode.

(@) SCTO0_OUT5 — SCTimer0/PWM output 5.

SWCLK/ 29 40 63 B |:PU | SWCLK — Serial Wire Clock. SWCLK is enabled by
P100_19/TCK default on this pin.

In boundary scan mode: TCK (Test Clock).

10 P100_19 — General purpose port O input/output 19.
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Table 93. Pin description

Symbol w o o Reset Type Description
5 £ A statelll
[T TR T
o O O
- - -
SWDIO/ 33 44 69 B LPU /O SWDIO — Serial Wire Debug I/O. SWDIO is enabled by
P1O0_20/SCT1_OUT6/ default on this pin.
T™MS

In boundary scan mode: TMS (Test Mode Select).
110 P100_20 — General purpose port 0 input/output 20.

o SCT1_OUT6 — SCTimerl/PWM output 6.

RESET/PIO0_21 34 45 71 B L,PU | RESET — External reset input: A LOW-going pulse as
short as 50 ns on this pin resets the device, causing I/0
ports and peripherals to take on their default states, and
processor execution to begin at address 0.

In deep power-down mode, this pin must be pulled HIGH
externally. The RESET pin can be left unconnected or be
used as a GPIO or for any movable function if an external
RESET function is not needed.

110 P100_21 — General purpose port 0 input/output 21.
P100_22/12C0_SCL 37 49 78 [ A 10 P100_22 — General purpose port 0 input/output 22.

110 12C0_SCL — I2C-bus clock input/output. High-current sink
if 12C Fast-mode Plus is selected in the 1/O configuration
register.

P100_23/12C0_SDA 38 50 79 [ A 10 P100_23 — General purpose port O input/output 23.

110 12C0_SDA — I2C-bus data input/output. High-current sink
if 12C Fast-mode Plus is selected in the 1/0O configuration
register.

PIO0_24/SCTO OUT6 43 58 90 B [ PU 10 P100_24 — General purpose port 0 input/output 24.
High-current output driver.

O SCTO0_OUT6 — SCTimer0/PWM output 6.
P100_25/ACMPO_14 44 60 93 @ L PU 10 P100_25 — General purpose port 0 input/output 25.

A ACMPO_l4 — Analog comparator O input 4.
P100_26/ACMPO_I3/ 45 61 95 [ PU 10 P100_26 — General purpose port 0 input/output 26.

SCT3_0OUT3 A ACMPO_I3 — Analog comparator O input 3.
o SCT3_OUT3 — SCTimer3/PWM output 3.
P1IO0_27/ACMP_I1 46 62 97 @ L PU 10 P100_27 — General purpose port O input/output 27.
A ACMP_I1 — Analog comparator common input 1.

P100_28/ACMP1_13 47 63 98 [@ L PU 10 P100_28 — General purpose port O input/output 28.
A ACMP1_I3 — Analog comparator 1 input 3.
P100_29/ACMP2_13/ 48 64 100 @ L PU 10 P100_29 — General purpose port O input/output 29.
SCT2_ouT4 A ACMP2_I3 — Analog comparator 2 input 3.
@) SCT2_0OUT4 — SCTimer2/PWM output 4.
P100_30/ADCO_11 - 1 1 & ;Pu 10 P100_30 — General purpose port 0 input/output 30.

A ADCO_11 — ADCO input 11.
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Symbol

PIO0_31/ADCO_9

PIO1_0/ADCO_8

PIO1_1/ADC1 0

PIO1_2/ADC1_4

PIO1_3/ADC1 5

PIO1_4/ADC1_10

PIO1_5/ADC1_11

PIO1_6/ACMP_I2

PIO1_7/ACMP3_l4

PIO1_8/ACMP3_I3/
SCT3_OUT4

PIO1_9/ACMP2_14

PIO1_10/ACMP1_l4
PIO1_11

PIO1_12

PIO1_13
PIO1_14/SCTO_OUT?
PIO1_15

PIO1_16

PIO1_17/SCT1_OUT7

PIO1_18

UM10736

LQFP48

“ LQFP64

15

25

28

33

34

46

51

53

54

59

38

®@ | QFP100

23

36

41

51

52

73

81

84

85

91

58

11

12

15

18

20

25

2]

2]

2]

2]

2]

2]

[

[8]

[8]

[5]
[5]

[8]

All information provided in this document is subject to legal disclaimers.

Reset Type Description
statell

I;PU 10 P100_31 — General purpose port O input/output 31.

On the LQFP64 package, this pin is assigned to
CANO_TD in ISP C_CAN mode.

A ADCO0_9 — ADCO input 9.
I;PU 10 P101_0 — General purpose port 1 input/output 0.
A ADCO0_8 — ADCO input 8.
I;PU 10 P101_1 — General purpose port 1 input/output 1.
A ADC1_0 — ADC1 input 0.
I;PU 10 P101_2 — General purpose port 1 input/output 2.
A ADC1_4 — ADC1 input 4.
I;PU 10 P101_3 — General purpose port 1 input/output 3.
A ADC1_5 — ADC1 input 5.
I;PU 10 P101_4 — General purpose port 1 input/output 4.
A ADC1_10 — ADC1 input 10.
I;PU 10 P101_5 — General purpose port 1 input/output 5.
A ADC1_11 — ADC1 input 11.
I;PU 10 P101_6 — General purpose port 1 input/output 6.
A ACMP_I2 — Analog comparator common input 2.
I;PU 10 P101_7 — General purpose port 1 input/output 7.
A ACMP3_14 — Analog comparator 3 input 4.
I;PU 10 P101_8 — General purpose port 1 input/output 8.
A ACMP3_13 — Analog comparator 3 input 3.
(@) SCT3_0OUT4 — SCTimer3/PWM output 4.
I;PU 10 P101_9 — General purpose port 1 input/output 9.
On the LQFP64 package, this is the ISP_0 boot pin.
A ACMP2_l4 — Analog comparator 2 input 4.
I;PU 10 P101_10 — General purpose port 1 input/output 10.
A ACMP1_l4 — Analog comparator 1 input 4.
I;PU 10 P101_11 — General purpose port 1 input/output 11.
On the LQFP64 package, this is the ISP_1 boot pin.
I;PU 10 PIO1_12 — General purpose port 1 input/output 12.
I;PU 10 P101_13 — General purpose port 1 input/output 13.
I;PU 10 P1O1_14 — General purpose port 1 input/output 14.
0] SCTO_OUT7 — SCTimer0/PWM output 7.
I;PU 10 P101_15 — General purpose port 1 input/output 15.
I;PU 10 P101_16 — General purpose port 1 input/output 16.
I;PU 10 P101_17 — General purpose port 1 input/output 17.
o SCT1_OUT7 — SCTimerl/PWM output 7.
I;PU 10 P101_18 — General purpose port 1 input/output 18.
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Table 93. Pin description

Symbol w o o Reset Type Description
E E E statelll
g 9 9
PIO1_19 - - 29 Bl |LPU IO P101_19 — General purpose port 1 input/output 19.
PIO1_20/SCT2_OUTS - - 34 B ,PU 10 P101_20 — General purpose port 1 input/output 20.
@) SCT2_OUT5 — SCTimer2/PWM output 5.
PIO1_21 - - 37 B ,PU 10 PI01_21 — General purpose port 1 input/output 21.
PIO1_22 - - 38 Bl |LPU IO P101_22 — General purpose port 1 input/output 22.
PIO1_23 - - 42 Bl LPU 10 P101_23 — General purpose port 1 input/output 23.
P1O1_24/SCT3_OUT5 - - 44 Bl ;PU 10 P101_24 — General purpose port 1 input/output 24.
o SCT3_OUT5 — SCTimer3/PWM output 5.
PIO1_25 - - 46 Bl LPU 10 P101_25 — General purpose port 1 input/output 25.
PIO1_26 - - 48 B LPU 10 P101_26 — General purpose port 1 input/output 26.
PIO1_27 - - 50 Bl |LPU IO P101_27 — General purpose port 1 input/output 27.
PIO1_28 - - 55 B ;PU 10 P101_28 — General purpose port 1 input/output 28.
PIO1_29 - - 56 Bl ILPU IO P101_29 — General purpose port 1 input/output 29.
PIO1_30 - - 59 B |;PU 10 P101_30 — General purpose port 1 input/output 30.
PIO1_31 - - 60 Bl |LPU IO P101_31 — General purpose port 1 input/output 31.
P102_0 - - 62 B ,PU 10 P102_0 — General purpose port 2 input/output 0.
P102_1 - - 64 Bl |LPU IO P102_1 — General purpose port 2 input/output 1.
P102_2 - - 72 B ;PU 10 P102_2 — General purpose port 2 input/output 2.
P102_3 - - 76 Bl ILPU IO P102_3 — General purpose port 2 input/output 3.
P102_4 - - 77 B ;PU 10 P102_4 — General purpose port 2 input/output 4.
On the LQFP100 package, this is the ISP_1 boot pin.
P102_5 - - 80 B L,PU 10 P102_5 — General purpose port 2 input/output 5.
On the LQFP100 package, this is the ISP_0 boot pin.

P102_6 - - 82 B L,PU 10 P102_6 — General purpose port 2 input/output 6.

On the LQFP100 package, this pin is assigned to UO_TXD
in ISP USART mode.

P1O02_7 - - 86 B |;PU 1O P102_7 — General purpose port 2 input/output 7.

On the LQFP100 package, this pin is assigned to
UO_RXD in ISP USART mode.

P102_8 - - 92 B ,PU 10 P102_8 — General purpose port 2 input/output 8.

On the LQFP100 package, this pin is assigned to
CANO_TD in ISP C_CAN mode.

P102_9 - - 94 B ;PU 10 P102_9 — General purpose port 2 input/output 9.

On the LQFP100 package, this pin is assigned to
CANO_RD in ISP C_CAN mode.

P102_10 - - 96 Bl |LPU IO P102_10 — General purpose port 2 input/output 10.

P102_11 - - 99 B |;PU 10 P102_11 — General purpose port 2 input/output 11.

P102_12 35 47 74 Bl |,PU IO P102_12 — General purpose port 2 input/output 12. On
parts LPC1519/17/18 only.

P102_13 36 48 75 B LLPU 10 P102_13 — General purpose port 2 input/output 13. On

parts LPC1519/17/18 only.
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Table 93. Pin description

Symbol w o o Reset Type Description
5 £ A statelll
[T T T
o o
- - -

USB_DP 35 47 74 19 . 10 USB bidirectional D+ line. Pad includes internal 33 Q
series termination resistor. On parts LPC1549/48/47 only.

USB_DM 36 48 75 [0 . 10 USB bidirectional D- line. Pad includes internal 33 Q
series termination resistor. On parts LPC1549/48/47 only.

RTCXIN 31 42 66 [ - RTC oscillator input. This input should be grounded if the
RTC is not used.

RTCXOUT 32 43 67 OB - RTC oscillator output.

XTALIN 26 36 54 [ . Input to the oscillator circuit and internal clock generator
circuits. Input voltage must not exceed 1.8 V.

XTALOUT 25 35 53 [ . Output from the oscillator amplifier.

VBAT 30 41 65 - Battery supply voltage. If no battery is used, tie VBAT to
VDD or to ground.

Vbpa 16 20 30 - Analog supply voltage. Vpp and the analog reference
voltages VREFP_ADC and VREFP_DAC_VDDCMP must
not exceed the voltage level on Vppa. Vppashould typically
be the same voltages as Vpp but should be isolated to
minimize noise and error. Vppa should be tied to Vpp if the
ADC is not used.

Vpp 39, 22, 4, - 3.3 V supply voltage (2.4 V to 3.6 V). The voltage level on

27, 52, 32, Vpp must be equal or lower than the analog supply
42 37, 70, voltage Vppa.
57 83,
57,
89

VREFP_DAC_VDDCMP 14 18 27 [ - DAC positive reference voltage and analog comparator
reference voltage. The voltage level on
VREFP_DAC_VDDCMP must be equal to or lower than
the voltage applied to Vppa.

VREFN 11 14 22 - ADC and DAC negative voltage reference. If the ADC is
not used, tie VREFN to Vss.

VREFP_ADC 10 13 21 - ADC positive reference voltage. The voltage level on
VREFP_ADC must be equal to or lower than the voltage
applied to Vppa. If the ADC is not used, tie VREFP_ADC
to Vpp.

Vssa 17 21 31 - Analog ground. Vssashould typically be the same voltage
as Vgg but should be isolated to minimize noise and error.
Vssa should be tied to Vgg if the ADC is not used.

Vss 41, 56, 88, - Ground.

20, 26, 7,
40 27, 39,
55 40,
68,

87

[1] Pin state at reset for default function: | = Input; O = Output; PU = internal pull-up enabled; IA = inactive, no pull-up/down enabled;
F = floating; If the pins are not used, tie floating pins to ground or power to minimize power consumption.
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[2] 5V tolerant pad providing digital I/O functions with configurable pull-up/pull-down resistors, configurable hysteresis, and analog input.
When configured as analog input, digital section of the pad is disabled and the pin is not 5 V tolerant. This pin includes a 10 ns on/off
glitch filter. By default, the glitch filter is turned on.

[3] This pinis not 5 V tolerant due to special analog functionality. When configured for a digital function, this pin is 3 V tolerant and provides
standard digital I/O functions with configurable internal pull-up and pull-down resistors and hysteresis. When configured for DAC_OUT,
the digital section of the pin is disabled and this pin is a 3 V tolerant analog output. This pin includes a 10 ns on/off glitch filter. By default,
the glitch filter is turned on.

[4] 5V tolerant pad providing digital I/O functions with configurable pull-up/pull-down resistors, and configurable hysteresis. This pin
includes a 10 ns on/off glitch filter. By default, the glitch filter is turned on. This pin is powered in deep power-down mode and can wake
up the part.

[5] 5V tolerant pad providing digital I/O functions with configurable pull-up/pull-down resistors and configurable hysteresis.

[6] 5V tolerant pad. RESET functionality is not available in Deep power-down mode. Use the WAKEUP pin to reset the chip and wake up
from Deep power-down mode. An external pull-up resistor is required on this pin for the Deep power-down mode.

[7]1 12C-bus pins compliant with the 12C-bus specification for I2C standard mode, 12C Fast-mode, and I2C Fast-mode Plus.

[8] 5V tolerant pad providing digital I/O functions with configurable pull-up/pull-down resistors and configurable hysteresis; includes
high-current output driver.

[9] Special analog pin.

[10] Pad provides USB functions. It is designed in accordance with the USB specification, revision 2.0 (Full-speed and Low-speed mode
only). This pad is not 5 V tolerant.

Table 94. Movable functions

Function name Type Description
UO_TXD (0] Transmitter output for USARTO.
UO_RXD I Receiver input for USARTO.
m (0] Request To Send output for USARTO.
m I Clear To Send input for USARTO.
UO_SCLK I/O Serial clock input/output for USARTO in synchronous mode.
Ul_TXD (0] Transmitter output for USARTL.
Ul _RXD I Receiver input for USARTL1.
m (0] Request To Send output for USART1.
m I Clear To Send input for USART1.
Ul_SCLK I/O Serial clock input/output for USART1 in synchronous mode.
U2_TXD (0] Transmitter output for USART2.
U2_RXD I Receiver input for USART2.
U2_SCLK I/O Serial clock input/output for USART1 in synchronous mode.
SPIO_SCK le] Serial clock for SPIO.
SPI0O_MOSI 110 Master Out Slave In for SPIO.
SPI0_MISO 110 Master In Slave Out for SPIO0.
SPI0O_SSELO /0 Slave select 0 for SPIO.
SPI0_SSEL1 I/0 Slave select 1 for SPIO0.
SPI0O_SSEL2 /0 Slave select 2 for SPIO.
SPI0_SSEL3 I/0 Slave select 3 for SPIO0.
SPI1_SCK /0 Serial clock for SPI1.
SPI1_MOSI 110 Master Out Slave In for SPI1.
SPI1_MISO 110 Master In Slave Out for SPI1.
SPI1_SSELO le] Slave select 0 for SPI1.
SPI1_SSEL1 /0 Slave select 1 for SPI1.
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Table 94. Movable functions ...continued

Function name Type Description

CANO_TD (0] CANO transmit.

CANO_RD I CANO receive.

USB_VBUS I USB VBUS.

SCTO0_OUTO (0] SCTimer0/PWM output 0.
SCTO0_OUT1 (0] SCTimer0/PWM output 1.
SCTO0_OUT2 (0] SCTimer0/PWM output 2.
SCT1_OUTO (0] SCTimerl/PWM output 0.
SCT1_OuUT1 (0] SCTimerl/PWM output 1.
SCT1_OuUT2 (0] SCTimerl/PWM output 2.
SCT2_0OUTO0 (0] SCTimer2/PWM output 0.
SCT2_OUuT1 (0] SCTimer2/PWM output 1.
SCT2_0OuUT2 (0] SCTimer2/PWM output 2.
SCT3_OUTO0 0] SCTimer3/PWM output 0.
SCT3_OUT1 (0] SCTimer3/PWM output 1.
SCT3_0OUT2 (0] SCTimer3/PWM output 2.
SCT_ABORTO I SCT abort 0.

SCT_ABORT1 I SCT abort 1.

ADCO_PINTRIGO | ADCO external pin trigger input O.
ADCO_PINTRIG1 | ADCO external pin trigger input 1.
ADC1_PINTRIGO | ADCL1 external pin trigger input O.
ADC1_PINTRIG1 | ADC1 external pin trigger input 1.
DAC_PINTRIG | DAC external pin trigger input.
DAC_SHUTOFF I DAC shut-off external input.
ACMPO_O (0] Analog comparator 0 output.
ACMP1_O 0] Analog comparator 1 output.
ACMP2_O (0] Analog comparator 2 output.
ACMP3_O 0] Analog comparator 3 output.
CLKOUT (0] Clock output.

ROSC 0] Analog comparator ring oscillator output.
ROSC_RESET I Analog comparator ring oscillator reset.
USB_FTOGGLE (0] USB frame toggle. Do not assign this function to a pin until a USB

QEI_PHA
QEI_PHB
QEI_IDX

GPIO_INT_ BMAT O

SwWOo

device is connected and the first SOF interrupt has been received

by the device.

QEI phase A input.
QEI phase B input.
QEIl index input.

Output of the pattern match engine.

Serial wire output.
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Table 95. Pins connected to the INPUT MUX and SCT IPU
Symbol o <« 8 Description

A

G & &

- - -
PIO0_2/ADCO_6/SCT1_OUT3 3 6 8  SCTOinput mux
PIO0_3/ADCO_5/SCT1_OUT4 4 7 10 SCTO input mux
PIO0_4/ADCO_4 5 8 13 SCT2input mux
PIO0_5/ADCO_3 6 9 14 FREQMEAS
PIO0_7/ADCO_1 8 11 17 SCT3 input mux
PIO0_14/ADC1_7/SCT1_OUT5 22 30 45 SCTIPU input SAMPLE_IN_AO
PIO0_15/ADC1_8 23 31 47 SCT1 input mux
PIO0_16/ADC1_9 24 32 49 SCT1 input mux
PIO0_17/WAKEUP/TRST 28 39 61 SCTO input mux
SWCLK/PIO0_19/TCK 29 40 63 FREQMEAS
RESET/PIO0_21 34 45 71 SCT1input mux
PIO0_25/ACMPO_|4 44 60 93 SCTIPU input SAMPLE_IN_A1l
PIO0_27/ACMP_I1 46 62 97 SCT2 input mux
PIO0_30/ADCO_11 - 1 1 FREQMEAS

SCTO input mux
PIO0_31/ADCO_9 - 3 3 SCT1 input mux
PIO1_4/ADC1_10 - 33 51 SCT1 input mux
PIO1_5/ADC1_11 - 34 52 SCT1input mux
PIO1_6/ACMP_I2 - 46 73  SCTO input mux
PIO1_7/ACMP3_|4 - 51 81 SCTO input mux
PIO1_11 - 38 58 SCT3 input mux
SCTIPU input SAMPLE_IN_A2

PIO1_12 - - 9  SCTO input mux
PIO1_13 - - 11  SCTO input mux
PIO1_15 - - 12  SCT1 input mux
PIO1_16 - - 18 SCT1 input mux
PIO1_18 - - 25 SCT2 input mux
PIO1_19 - - 29  SCT2 input mux
PIO1_21 - - 37  SCT3 input mux
PIO1_22 - - 38 SCT3input mux
PIO1_26 - - 48 SCTIPU input SAMPLE_IN_A3
P101_27 - - 50 FREQMEAS
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7.1 How to read this chapter

7.2 Features

The IOCON block is identical for all LPC15xx parts. Registers for pins that are not
available on a specific package are reserved.

Table 96. Available pin configuration registers

Package GPIO Port 0 GPIO Port 1 GPIO Port 2
Pins/configuration registers available

LQFP48 PIO0_Oto PIOO_29 - -

LQFP64 PIO0_0to PIO0O_31 PIO1 OtoPIO1_11 -

LQFP100 PIO0_0to PIO0O_31 PIO1_0Oto PIO1_31 PIO2_0to PIO2_11

The following electrical properties are configurable for each pin:

¢ Pull-up/pull-down resistor

¢ Open-drain mode

* Hysteresis

¢ Digital filter with programmable time constant
¢ 10 ns, digital glitch filter on selected pins

The true open-drain pins PIO0_22 and PIO0_23 can be configured for different I2C-bus
speeds.

The switch matrix configures a pin for its analog function automatically, when the analog
function is enabled in the PINENABLERN registers.

7.3 Basic configuration

UM10736

Enable the clock to the IOCON in the SYSAHBCLKCTRLO register (Table 50, bit 13).
Once the pins are configured, you can disable the IOCON clock to conserve powetr.

Each pin has a programmable digital input filter. The base clock for the filter is the output
of the IOCONCLKDIV clock divider in the SYSCON block (see Table 54). The base clock
can be divided individually for each pin to create the glitch filter constant in each digital pin
configuration register.
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SYSCON block

main clock—| IOCONCLKDIV

system clock

IOCON

PCLK

CLKDIV =1 ..64

Fig 9. IOCON clocking

Ly

DIGITAL FILTER PIO0_0

CLKDIV=1..64

'

DIGITAL FILTER P102_11
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7.4 General description

7.4.1 Pin configuration

open-drain enable
output enable _\_FD: o|
data output PIN
pin configured strong
as digital output pull-down ESD

strong ESD

pull-up

Vbb Vbp
driver

Vbp

pull-up enable

weak
pull-down

repeater mode

enable
pull-down enable

data input

PROGRAMMABLE J ﬂ
DIGITAL FILTER 10 ns GLITCH
FILTER

pin configured
as digital input

select data
inverter
select glitch
filter
select analog input

analog input

pin configured
as analog input

Fig 10. Pin configuration

7.4.2 Pin function

The pin function is determined entirely through the switch matrix. By default one GPIO
function is assigned to each pin. The switch matrix can assign all functions from the
movable function table to any pin in the IOCON block or enable a special function like an
analog input on a specific pin.

Related links:

Section 8.4.2 “Movable functions”

7.4.3 Pin mode

The MODE bit in the IOCON register allows enabling or disabling an on-chip pull-up
resistor for each pin. By default all pull-up resistors are enabled except for the I2C-bus
pins PIO0_22 and PIO0_23, which do not have a programmable pull-up resistor.
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The repeater mode enables the pull-up resistor if the pin is high and enables the
pull-down resistor if the pin is low. This causes the pin to retain its last known state if it is
configured as an input and is not driven externally. Repeater mode may typically be used
to prevent a pin from floating (and potentially using significant power if it floats to an
indeterminate state) if it is temporarily not driven.

Open-drain mode

An open-drain mode can be enabled for all digital I/O pins that are not the 12C-bus pins.
This mode is not a true open-drain mode. The input cannot be pulled up above Vpp.

Remark: As opposed to the true open-drain 12C-bus pins, digital pins with configurable
open-drain mode are not 5 V tolerant when Vpp = 0.

Analog mode

The switch matrix automatically configures the pin in analog mode whenever an analog
input or output is selected as the pin’s function through the switch matrix PINENABLE
registers.

When using a pin in analog mode, disable the pull-up and pull-down resistors.

I2C-bus mode

The 12C-bus pins PIO0_22 and PIO0_23 can be programmed to support a true open-drain
mode independently of whether the 12C function is selected or another digital function. If
the 12C function is selected, all three I2C modes, Standard mode, Fast-mode, and
Fast-mode plus, are supported. A digital glitch filter can be configured for all functions.
Pins PIO0_22 and PIO0_23 operate as high-current sink drivers (20 mA) independently of
the programmed function.

Input glitch filter

Selected pins (see Section 7.5.1 “Digital pin control registers with glitch filter on port 0”)
provide the option of turning on or off a 10 ns input glitch filter. The glitch filter is turned on
by default. The RESET pin has a 20 ns glitch filter (not configurable).

Programmable digital filter

All GPIO pins are equipped with a programmable digital filter. The filter rejects input
pulses with a selectable duration of shorter than one, two, or three cycles of a filter clock
(S_MODE =1, 2, or 3). For each individual pin, the filter clock is derived from the main
clock using the IOCONCLKDIV register divided by the CLKDIV value (PCLKn). The filter
can also be bypassed entirely.

Any input pulses of duration Tpyse of either polarity will be rejected if:
Touise < TpcLkn x S_MODE

Input pulses of one filter clock cycle longer may also be rejected:

Tpuise = TpcLkn x (S_MODE + 1)
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Remark: The filtering effect is accomplished by requiring that the input signal be stable for
(S_MODE +1) successive edges of the filter clock before being passed on to the chip.
Enabling the filter results in delaying the signal to the internal logic and should be done
only if specifically required by an application. For high-speed or time critical functions
ensure that the filter is bypassed.

If the delay of the input signal must be minimized, select a faster PCLK and a higher
sample mode (S_MODE) to minimize the effect of the potential extra clock cycle.

If the sensitivity to noise spikes must be minimized, select a slower PCLK and lower
sample mode.

Related registers and links:

Table 54 “IOCON glitch filter clock divider register IOCONCLKDIV, address 0x4007
40D4) bit description”

7.5 Register description

Each port pin PIOm_n has one IOCON register assigned to control the pin’s electrical
characteristics.

Table 97. Register overview: I/O configuration (base address 0x400F 8000)

Name

PI00_0 to PIO0_17

PIO0_18 to PIO0_21

PIO0_22

PIO0_23

PIO0_24

PIO0_25 to PIO0_31

PIO1_0 to PIO1_10

PIO1_11to PIO1 31

PI02_0 to PI02_13

Access Address Description Reset Reference
offset value
R/W 0x000 to Digital I/0 control for port 0 pins PIO0_0 to PIO0_17. 0x90 Table 99

0x044 With analog function and glitch filter.

R/W 0x048 to Digital I/0 control for port 0 pins PIO0_18 to PIO0_21. 0x90 Table 100
0x054 Without glitch filter.

R/W 0x058 1/0 control for open-drain pin PIO0_22. This pinis used  0x90 Table 101
for the 12C-bus SCL function.

R/W 0x05C 1/0 control for open-drain pin PIO0_23. This pinisused  0x90 Table 101
for the 12C-bus SDA function.

R/W 0x060 Digital I/O control for port O pins PIO0_24. Without glitch  0x90 Table 100

filter.

R/W 0x064 to Digital 1/0 control for port 0 pins PIO0_25 to 0x90 Table 99
0x07C P100_31.With analog function and glitch filter.

R/W 0x080 to Digital I/0 control for port 1 pins PIO1_0 to PIO1_10. 0x90 Table 102
0x0A8 With analog function and glitch filter.

R/W OxOACto Digital I/0 control for port 1 pins PIO1_11to 0x90 Table 103
0x0FC P101_31.Without glitch filter.

R/W 0x100 to Digital I/0 control for port 2 pins PI02_0 to P102_13. 0x90 Table 104

0x134 Without glitch filter.

Table 98. Digital /0 configuration register types

Name Address  True Analog Glitch filter Digital High-drive Reference
offset open-drain on/off filter output

PIO0_0O 0x000 no yes yes yes no Table 99

PIO0_1 0x004 no yes yes yes no Table 99

PIO0_2 0x008 no yes yes yes no Table 99
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Table 98. Digital I/0 configuration register types

Name Address  True Analog Glitch filter Digital High-drive Reference
offset open-drain on/off filter output

PIO0_3 0x00C no yes yes yes no Table 99
PIO0_4 0x010 no yes yes yes no Table 99
PIO0_5 0x014 no yes yes yes no Table 99
P1O0_6 0x018 no yes yes yes no Table 99
PIO0_7 0x01C no yes yes yes no Table 99
PI10O0_8 0x020 no yes yes yes no Table 99
PIO0_9 0x024 no yes yes yes no Table 99
PIO0_10 0x028 no yes yes yes no Table 99
PIO0_11 0x02C no yes yes yes no Table 99
PIO0_12 0x030 no yes yes yes no Table 99
PIO0_13 0x034 no yes yes yes no Table 99
PIO0_14 0x038 no yes yes yes no Table 99
PIO0_15 0x03C no yes yes yes no Table 99
PIO0_16 0x040 no yes yes yes no Table 99
PIO0_17 0x044 no yes yes yes no Table 99
PIO0_18 0x048 no no no yes no Table 100
PIO0_19 0x04C no no no yes no Table 100
PI0O0_20 0x050 no no no yes no Table 100
PIO0_21 0x054 no no no yes no Table 100
PI0O0_22 0x058 yes no no yes no Table 101
PIO0_23 0x05C yes no no yes no Table 101
PIO0_24 0x060 no no no yes yes Table 100
PIO0_25 0x064 no yes yes yes no Table 99
PI00_26 0x068 no yes yes yes no Table 102
PIO0_27 0x06C no yes yes yes no Table 102
P100_28 0x070 no yes yes yes no Table 102
PIO0_29 0x074 no yes yes yes no Table 102
PI100_30 0x078 no yes yes yes no Table 102
PIO0_31 0x07C no yes yes yes no Table 102
PIO1_0 0x080 no yes yes yes no Table 102
PIO1_1 0x084 no yes yes yes no Table 102
PIO1_2 0x088 no yes yes yes no Table 102
PIO1_3 0x08C no yes yes yes no Table 102
PIO1_4 0x090 no yes yes yes no Table 102
PIO1_5 0x094 no yes yes yes no Table 102
PIO1_6 0x098 no yes yes yes no Table 102
PIO1_7 0x09C no yes yes yes no Table 102
PIO1_8 0x0AO0 no yes yes yes no Table 102
PIO1_9 0x0A4 no yes yes yes no Table 102
PIO1_10 0x0A8 no yes yes yes no Table 102
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Table 98. Digital I/0 configuration register types

Name Address  True Analog Glitch filter Digital High-drive Reference
offset open-drain on/off filter output
PIO1_11 0x0AC no no no yes no Table 103
PIO1_12 0x0BO no no no yes no Table 103
PIO1_13 0x0B4 no no no yes no Table 103
PIO1_14 0x0B8 no no no yes no Table 103
PIO1_15 0x0BC no no no yes no Table 103
PIO1_16 0x0CO0 no no no yes no Table 103
PIO1_17 0x0C4 no no no yes no Table 103
PIO1_18 0x0C8 no no no yes no Table 103
PIO1_19 0x0CC no no no yes no Table 103
PIO1_20 0x0DO0 no no no yes no Table 103
PIO1_21 0x0D4 no no no yes no Table 103
PIO1_22 0x0D8 no no no yes no Table 103
PIO1_23 0x0DC no no no yes no Table 103
PIO1_24 O0xOEO no no no yes no Table 103
PIO1_25 OxO0E4 no no no yes no Table 103
PIO1_26 OxOE8 no no no yes no Table 103
PIO1_27 Ox0EC no no no yes no Table 103
PIO1_28 O0x0F0 no no no yes no Table 103
PIO1_29 Ox0F4 no no no yes no Table 103
PIO1_30 O0x0F8 no no no yes no Table 103
PIO1_31 O0x0FC no no no yes no Table 103
P102_0 0x100 no yes yes yes no Table 104
PIO02_1 0x104 no yes yes yes no Table 104
P102_2 0x108 no yes yes yes no Table 104
P102_3 0x10C no no no yes no Table 104
P102_4 0x110 no no no yes no Table 104
P102_5 0x114 no no no yes no Table 104
P102_6 0x118 no no no yes no Table 104
P1O02_7 0x11C no no no yes no Table 104
P102_8 0x120 no no no yes no Table 104
P102_9 0x124 no no no yes no Table 104
P102_10 0x128 no no no yes no Table 104
P102_11 0x12C no no no yes no Table 104
P102_12 0x130 no no no yes no Table 104
P102_13 0x134 no no no yes no Table 104

7.5.1 Digital pin control registers with glitch filter on port 0

The digital pin control registers control the digital properties of all pins except the pins with
true open-drain 12C-bus functions. The pin’s function is determined by the switch matrix.
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If any of the pins is connected to an analog function through the switch matrix
PINENABLE registers, the digital portion of the pin is disconnected.

For each pin controlled by these registers, the digital glitch filter is enabled.

Table 99. Digital pin control registers PIO0_0 to PIO0_17 register (PIO0_[0:17], address
0x400F 8000 (PIO0_0) to 0x400F 8044 (PIO0_17) and 0x400F 8064 (PIO0_25) to
0x400F 807C (PIO0_31)) bit description

Bit Symbol  Value Description Reset
value
2.0 - Reserved. Only write 0 to these bits. 0
4:3 MODE Selects function mode (on-chip pull-up/pull-down resistor 0x2
control).
0x0 Inactive (no pull-down/pull-up resistor enabled).

0x1 Pull-down resistor enabled.
0x2 Pull-up resistor enabled.
0x3 Repeater mode.
5 HYS Hysteresis. 0
0 Disable.
Enable.
6 INV Invert input 0

0 Input not inverted (HIGH on pin reads as 1; LOW on pin reads
as 0).

1 Input inverted (HIGH on pin reads as 0, LOW on pin reads as
1).

- - Reserved.

FILTR Selects 10 ns input glitch filter.
Filter enabled.
Filter disabled.

9 - - Reserved.
10 oD Open-drain mode.
Disable.

Open-drain mode enabled.
Remark: This is not a true open-drain mode.
12:11 S_MODE Digital filter sample mode. 0
0x0 Bypass input filter.

0x1 1 clock cycle. Input pulses shorter than one filter clock are
rejected.

0x2 2 clock cycles. Input pulses shorter than two filter clocks are
rejected.

0x3 3 clock cycles. Input pulses shorter than three filter clocks are
rejected.
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Table 99. Digital pin control registers PIO0_0 to PIO0_17 register (PIO0_[0:17], address
0x400F 8000 (PIO0_0) to 0x400F 8044 (PIO0_17) and 0x400F 8064 (P1O0_25) to
0x400F 807C (PIO0_31)) bit description

Bit Symbol Value Description Reset
value
15:13 CLKDIV Select peripheral clock divider for input filter sampling clock 0
IOCONCLKDIV. Value 0x7 is reserved.
0x0 PCLK.
0x1 PCLK/2.
0x2 PCLK/4.

0x3 PCLK/8.
0x4 PCLK/16.
0x5 PCLK/32.
0x6 PCLK/64.
31:16 - - Reserved. 0

Digital pin control registers without glitch filter on port 0

The digital pin control registers control the digital properties of all pins except the pins with
true open-drain 12C-bus functions. The pin’s function is determined by the switch matrix.

If any of the pins is connected to an analog function through the switch matrix
PINENABLE registers, the digital portion of the pin is disconnected.

Pins controlled by these registers do not have a glitch filter.

Table 100. Digital pin control registers PIO0_18 to PIO0_21 register (PIO0_[18:21], address
0x400F 8048 (PIO0_18) to 0x400F 8054 (PIO0_21), and 0x400F 8060 (P1O0_24)) bit

description
Bit Symbol Value Description Reset
value
2.0 - Reserved. Only write 0 to these bits. 0
4:3 MODE Selects function mode (on-chip pull-up/pull-down resistor 0x2
control).
0x0 Inactive (no pull-down/pull-up resistor enabled).
0x1 Pull-down resistor enabled.
0x2 Pull-up resistor enabled.
0x3 Repeater mode.
5 HYS Hysteresis. 0
Disable.
Enable.
6 INV Invert input 0
0 Input not inverted (HIGH on pin reads as 1; LOW on pin reads
as 0).
1 Input inverted (HIGH on pin reads as 0, LOW on pin reads as
1).
9:7 - - Reserved. 0x1
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Table 100. Digital pin control registers PIO0_18 to PIOO_21 register (PIO0_[18:21], address
0x400F 8048 (PIO0_18) to 0x400F 8054 (PIO0_21), and 0x400F 8060 (PIO0_24)) bit

description
Bit Symbol Value Description Reset
value
10 oD Open-drain mode. 0

Disable.
Open-drain mode enabled.
Remark: This is not a true open-drain mode.
12:11 S_MODE Digital filter sample mode. 0
0x0 Bypass input filter.
0x1 1 clock cycle. Input pulses shorter than one filter clock are

rejected.

0x2 2 clock cycles. Input pulses shorter than two filter clocks are
rejected.

0x3 3 clock cycles. Input pulses shorter than three filter clocks are
rejected.

15:13 CLKDIV Select peripheral clock divider for input filter sampling clock 0

IOCONCLKDIV. Value 0x7 is reserved.

0x0 PCLK.

0x1 PCLK/2.

0x2 PCLK/4.

0x3 PCLK/8.

0x4 PCLK/16.
0x5 PCLK/32.
0x6 PCLK/64.
31:16 - - Reserved. 0

7.5.3 Digital pin control registers for open-drain pins PIO0_22/23 on port 0

Table 101. Digital open-drain pin control registers (PIO0_[22:23], address 0x400F 805C
(P1O0_22) to 0x400F 8060 (P1IO0_23)) bit description

Bit Symbol Value Description Reset
value
5:0 - Reserved. Only write O to these bits. 0x10
INV Invert input 0
0 Input not inverted (HIGH on pin reads as 1; LOW on pin
reads as 0).
1 Input inverted (HIGH on pin reads as 0, LOW on pin reads
as 1).
7 - Reserved. 1
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Table 101. Digital open-drain pin control registers (PIO0_[22:23], address 0x400F 805C
(PIO0_22) to 0x400F 8060 (PIO0_23)) bit description

Bit Symbol Value Description Reset
value
9:8 [2CMODE Selects 12C mode. 0

Select Standard mode (I2CMODE = 00, default) or
Standard 1/O functionality (I2CMODE = 01) if the pin
function is GPIO (FUNC = 000).

0x0 Standard mode/ Fast-mode 12C.
0x1 Standard digital 1/O functionality
0x2 Fast-mode Plus 12C
0x3 Reserved.
10 - - Reserved. -
12:11 S_MODE Digital filter sample mode. 0
0x0 Bypass input filter.

0x1 1 clock cycle. Input pulses shorter than one filter clock are
rejected.

0x2 2 clock cycles. Input pulses shorter than two filter clocks
are rejected.

0x3 3 clock cycles. Input pulses shorter than three filter clocks
are rejected.

15:13 CLKDIV Select peripheral clock divider for input filter sampling clock 0
IOCONCLKDIV. Value 0x7 is reserved.

0x0 PCLK.

Ox1 PCLK/2.

0x2 PCLK/4.

0x3 PCLK/8.

0x4 PCLKI/16.
0x5 PCLK/32.
0x6 PCLK/64.

31:16 - - Reserved. -

7.5.4 Digital pin control registers with glitch filter on port 1

The digital pin control registers control the digital properties of all pins except the pins with
true open-drain 12C-bus functions. The pin’s function is determined by the switch matrix.

If any of the pins is connected to an analog function through the switch matrix
PINENABLE registers, the digital portion of the pin is disconnected.

For each pin controlled by these registers, the digital glitch filter is enabled.
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Table 102. Digital pin control registers PIO1_0to PIO1_10 register (PIO1_[0:10], address
0x400F 8080 (P1O1_0) to 0x400F 80A8 (PIO1_10)) bit description

Bit Symbol  Value Description Reset
value
2.0 - Reserved. Only write O to these bits. 0
4:3 MODE Selects function mode (on-chip pull-up/pull-down resistor 0x2
control).
0x0 Inactive (no pull-down/pull-up resistor enabled).

0x1 Pull-down resistor enabled.
0x2 Pull-up resistor enabled.
0x3 Repeater mode.
5 HYS Hysteresis. 0
Disable.
Enable.
6 INV Invert input 0

0 Input not inverted (HIGH on pin reads as 1; LOW on pin reads
as 0).

1 Input inverted (HIGH on pin reads as 0, LOW on pin reads as
1).

- - Reserved.

FILTR Selects 10 ns input glitch filter. 0
Filter enabled.
Filter disabled.

9 - - Reserved.
10 oD Open-drain mode.
0 Disable.

Open-drain mode enabled.
Remark: This is not a true open-drain mode.
12:11 S_MODE Digital filter sample mode. 0
0x0 Bypass input filter.

0x1 1 clock cycle. Input pulses shorter than one filter clock are

rejected.
0x2 2 clock cycles. Input pulses shorter than two filter clocks are
rejected.
0x3 3 clock cycles. Input pulses shorter than three filter clocks are
rejected.
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Table 102. Digital pin control registers PIO1_0 to PIO1_10 register (PIO1_[0:10], address
0x400F 8080 (P101_0) to 0x400F 80A8 (PIO1_10)) bit description

Bit Symbol  Value Description Reset
value
15:13 CLKDIV Select peripheral clock divider for input filter sampling clock 0
IOCONCLKDIV. Value 0x7 is reserved.

0x0 PCLK.

0ox1 PCLK/2.

0x2 PCLK/4.

0x3 PCLK/8.

Ox4 PCLK/16.
0x5 PCLK/32.
0x6 PCLK/64.
31:16 - - Reserved. 0

Digital pin control registers without glitch filter on port 1

The digital pin control registers control the digital properties of all pins except the pins with
true open-drain 12C-bus functions. The pin’s function is determined by the switch matrix.

If any of the pins is connected to an analog function through the switch matrix
PINENABLE registers, the digital portion of the pin is disconnected.

Pins controlled by these registers do not have a glitch filter.

Table 103. Digital pin control registers PIO1_11 to PIO1_31 register (PIO1_[11:31], address
0x400F 80AC (PIO1_11) to 0x400F 80FC (PIO1_31)) bit description

Bit Symbol  Value Description Reset
value
2.0 - Reserved. Only write O to these bits. 0
4:3 MODE Selects function mode (on-chip pull-up/pull-down resistor 0x2
control).
0x0 Inactive (no pull-down/pull-up resistor enabled).

0x1 Pull-down resistor enabled.
0x2 Pull-up resistor enabled.
0x3 Repeater mode.
5 HYS Hysteresis. 0
Disable.
Enable.
6 INV Invert input 0

0 Input not inverted (HIGH on pin reads as 1; LOW on pin reads
as 0).

1 Input inverted (HIGH on pin reads as 0, LOW on pin reads as
1).

- - Reserved.
9:8 - - Reserved. 0
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Table 103. Digital pin control registers PIO1_11 to PIO1_31 register (PIO1_[11:31], address
0x400F 80AC (PIO1_11) to 0x400F 80FC (PIO1_31)) bit description

Bit Symbol Value Description Reset
value
10 oD Open-drain mode. 0
0 Disable.

Open-drain mode enabled.
Remark: This is not a true open-drain mode.
12:11 S_MODE Digital filter sample mode. 0
0x0 Bypass input filter.
0x1 1 clock cycle. Input pulses shorter than one filter clock are

rejected.

0x2 2 clock cycles. Input pulses shorter than two filter clocks are
rejected.

0x3 3 clock cycles. Input pulses shorter than three filter clocks are
rejected.

15:13 CLKDIV Select peripheral clock divider for input filter sampling clock 0

IOCONCLKDIV. Value 0x7 is reserved.

0x0 PCLK.

0x1 PCLK/2.

0x2 PCLK/4.

0x3 PCLK/8.

0x4 PCLK/16.
0x5 PCLK/32.
0x6 PCLK/64.
31:16 - - Reserved. 0

7.5.6 Digital pin control registers without glitch filter on port 2

The digital pin control registers control the digital properties of all pins except the pins with
true open-drain 12C-bus functions. The pin’s function is determined by the switch matrix.

If any of the pins is connected to an analog function through the switch matrix
PINENABLE registers, the digital portion of the pin is disconnected.

Pins controlled by these registers do not have a glitch filter.

Table 104. Digital pin control registers PIO2_0 to PIO2_13 register (PI02_[0:13], address
0x400F 8100 (P102_0) to 0x400F 8124 (P102_13)) bit description

Bit Symbol  Value Description Reset
value
2.0 - Reserved. Only write 0 to these bits. 0
4:3 MODE Selects function mode (on-chip pull-up/pull-down resistor 0x2
control).
0x0 Inactive (no pull-down/pull-up resistor enabled).

0x1 Pull-down resistor enabled.
0x2 Pull-up resistor enabled.
0x3 Repeater mode.
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Table 104. Digital pin control registers PIO2_0 to PIO2_13 register (PI02_[0:13], address
0x400F 8100 (P102_0) to 0x400F 8124 (P102_13)) bit description

Bit Symbol Value Description Reset
value
5 HYS Hysteresis. 0
0 Disable.
Enable.
6 INV Invert input 0
0 Input not inverted (HIGH on pin reads as 1; LOW on pin reads
as 0).
1 Input inverted (HIGH on pin reads as 0, LOW on pin reads as
1).
7 - - Reserved.
9:8 - - Reserved.
10 oD Open-drain mode.
Disable.

Open-drain mode enabled.
Remark: This is not a true open-drain mode.
12:11 S_MODE Digital filter sample mode. 0
0x0 Bypass input filter.
0x1 1 clock cycle. Input pulses shorter than one filter clock are

rejected.

0x2 2 clock cycles. Input pulses shorter than two filter clocks are
rejected.

0x3 3 clock cycles. Input pulses shorter than three filter clocks are
rejected.

15:13 CLKDIV Select peripheral clock divider for input filter sampling clock 0

IOCONCLKDIV. Value 0x7 is reserved.

0x0 PCLK.

0ox1 PCLK/2.

0x2 PCLK/4.

0x3 PCLK/8.
0x4 PCLK/16.
0x5 PCLK/32.
0x6 PCLK/64.
31:16 - - Reserved. 0

UM10736 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.

User manual Rev. 1.1 — 3 March 2014 120 of 759




UM10736

Chapter 8: LPC15xx Switch Matrix (SWM)
Rev. 1.1 — 3 March 2014 User manual

8.1 How to read this chapter

The switch matrix is available on all parts.

8.2 Features

* Flexible assignment of digital peripheral functions to pins
¢ Enable/disable of analog functions

8.3 Basic configuration

Once configured, no clocks are needed for the switch matrix to function. The system clock
is needed only to write to or read from the pin assignment registers. After the switch matrix
is configured, disable the clock to the switch matrix block in the SYSAHBCLKCTRL
register.

Before activating a peripheral or enabling its interrupt, use the switch matrix to connect the
peripheral to external pins.

The serial wire debug pins SWCLK and SWDIO are assigned by default to pins PIO0_19
and PIOO0_20. If the user code disables the SWD functions through the switch matrix to
use the pins for other functions, the SWD port is disabled.

Remark: For the purpose of programming the pin functions through the switch matrix,
every programmable pin (all pins except some special function pins, the power, and the
ground pins) is identified in a package-independent way by its GPIO port pin number.

Remark: The switch matrix is only reset by a POR or BOD reset. A hardware reset via the
RESET pin or a watchdog timer reset do not reset the switch matrix. Therefore, peripheral
functions remain connected to pins through the hardware or watchdog reset and the pins
remain input or output as defined by the switch matrix and assume the default state as
defined by the peripheral connected to them. See also Section 3.7.1.
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8.3.1 Connect an internal signal to a package pin

PIO0_22/12C0_SCL [37]
PI00_23/12C0_SDA [38|

Vbbp @

Vss [40]

Vss [41]

Vop [42]

PIO0_24/SCTO_OUT6 43|
PIO0_25/ACMPO_I4 44|
PIO0_26/ACMPO_I3/ SCT3_OUT3[45]
PIO0_27/ACMP_|1 (46|
PIO0_28/ACMP1_I3[47|
PIO0_29/ACMP2_I3/ SCT2_OUT4 [48]

23] PI00_15/ADC1_8

[21] PIO0_13/ADC1_6
20]Vss

[19] PIO0_12/DAC_OUT
[18] PI00_11/ADC1_3

E Vssa
E] Vbpa

[15] PIO0_10/ADC1_2
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assign
function UO_RXD
to LQFP48 pin 24
=PIO0_16

disable ADC1_9
PINENABLEQO bit 21 =1

!

P100_16 ->
pin number 16 = 0x10

!

PINASSIGNO bits 15:8
=0x10

[24] PIO0_16/ADC1_9 +———

[22] PIO0_14/ADC1_7/ SCT1_OUT5

[14] VREFP_DAC_VDDCMP
[13] PIO0_18/ SCTO_OUT5

l

PIO0_16 =
UO_RXD

assign
function UO_TXD
to LQFP48 pin 6
=PIO0_5

disable ADCO_3
PINENABLEO bit 3 =1

PIO0_5 ->
pin number 5 = 0x5
v
PINASSIGNO bits 7:0
=0x5
¥

PIO0_5

A pin is identified for the purpose of programming the switch matrix by its default GPIO port pin.

Fig 11. Example: Connect function U0O_RXD and UO_TXD to pins

= U0_TXD

The switch matrix connects all internal signals listed in the table of movable functions
through the pin assignment registers to external pins on the package. External pins are
identified by their default GPIO pin number PIO0_n. Follow these steps to connect an
internal signal FUNC to an external pin. An example of a movable function is the UART
transmit signal TXD:

1. Find the function FUNC in the list of movable function in Table 105 or in the data

sheet.

2. Use the LPC15xx data sheet to decide which pin x on the LPC15xx package to
connect FUNC to.
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3. Use the pin description table to find the default GPIO function PIO0_n assigned to
package pin x. m is the pin number (0 to 31 for port 0, 32 to 63 for port 1, 64 to 75 for
port 2).

4. Locate the pin assignment register for the function FUNC in the switch matrix register
description.

5. Disable any special functions on pin PIO0_n in the PINENABLEO register.
6. Program the pin number m into the bits assigned to FUNC.

FUNC is now connected to pin x on the package.

Enable an analog input or other special function
The switch matrix enables functions that can only be assigned to one pin. Examples are
analog inputs, all GPIO pins, and the debug SWD pins.
* If you want to assign a GPIO pin, disable any special function available on this pin in
the PINENABLEDO register and do not assign any movable function to it.

By default, all pins except pins hosting the RESET and serial wire functions are
assigned to GPIO.

¢ For all other functions that are not in the table of movable functions, do the following:

a. Locate the function in the pin description table in the data sheet. This shows the
package pin for this function.

b. Enable the function in the PINENABLEO/1 registers. All other possible functions on
this pins are now disabled.

8.4 General description

UM10736

The switch matrix connects internal signals (functions) to external pins. Functions are
signals coming from or going to a single pin on the package and coming from or going to
an on-chip peripheral block. Examples of functions are the GPIOs, the UART transmit
output (TXD), or the clock output CLKOUT. Many peripherals have several functions that
must be connected to external pins.

Most functions can be assigned through the switch matrix to any external pin that is not a
power or ground pin. These functions are called movable functions.

Analog inputs and outputs as well as open-drain I2C functions and a few digital functions
such as the SCT outputs are assigned to one particular external pin with the appropriate
electrical characteristics and have to be enabled on that pin. These functions are called
fixed-pin functions. If a fixed-pin function is not enabled on the assigned pin, it can be
replaced by any other movable function.

GPIOs are fixed-pin functions. Each GPIO is assigned to one and only one external pin.
By default, all external pins have the GPIO function assigned. External pins are therefore
identified by their fixed-pin GPIO function.
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IOCON
INPUT MUX
PIO0_m
pa;lr(]axge digital input . PO
DIGITAL PAD digital output PIOO_m
&4—» digital output ena
analog ena
ANALOG PAD analog i/o
UO0_RXD
UO_TXD
Uo_RTS USARTO
SWM Uo_CTS
U0_SCLK
DIGITAL
PERIPHERAL
DIGITAL
PERIPHERAL
ANALOG
PERIPHERAL
Fig 12. Switch matrix block diagram

8.4.1 Switch matrix register interface

The switch matrix consists of two blocks of pin-assignment registers PINASSIGN and
PINENABLE. Every function has an assigned field (1-bit or 8-bit wide) within this bank of
registers where you can program the external pin - identified by its GPIO function - you
want the function to connect to.

GPIOs range from PIO0_0 to PIO2_11 and, for assignment through the pin-assignment
registers, are consecutively numbered 0 to 75 (32 pins for port 0 and 1, 12 pins for port 2).

There are two types of functions which must be assigned to port pins in different ways:

1. Movable functions (PINASSIGNO to 8):

All movable functions are digital functions. Assign movable functions to pin numbers
through the 8 bits of the PINASSIGN register associated with this function. Once the
function is assigned a pin PIO0_n, it is connected through this pin to a physical pin on
the package.

Remark: You are allowed to assign only one digital output function to an external pin
at any given time.

Remark: You can assign more than one digital input function to one external pin.
2. Fixed-pin functions (PINENABLEO/1):

Some functions require pins with special characteristics and cannot be moved to
other physical pins. Hence these functions are mapped to a fixed port pin. Examples
of fixed-pin functions are the oscillator pins or comparator inputs.

Each fixed-pin function is associated with one bit in the PINENABLEQO register which
selects or deselects the function.
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— If a fixed-pin function is deselected, any movable function can be assigned to its
port and pin.

— If a fixed-pin function is deselected and no movable function is assigned to this pin,
the pin is GPIO.

— Onreset, all fixed-pin functions are deselected.

— If a fixed-pin function is selected, its assigned pin can not be used for any other
function.
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8.4.2 Movable functions

Table 105. Movable functions

Function name  Type Description SWM Pin assign Reference
register
UO_TXD (0] Transmitter output for USARTO. PINASSIGNO Table 107
UO_RXD I Receiver input for USARTO. PINASSIGNO Table 107
UO_RTS o) Request To Send output for USARTO. PINASSIGNO Table 107
Uo_CTS | Clear To Send input for USARTO. PINASSIGNO Table 107
UO_SCLK Ie] Serial clock input/output for USARTO in synchronous PINASSIGN1 Table 108
mode.
Ul TXD (0] Transmitter output for USART1. PINASSIGN1 Table 108
Ul_RXD I Receiver input for USART1. PINASSIGN1 Table 108
U1l _RTS o} Request To Send output for USARTL. PINASSIGN1 Table 108
Ul _CTS | Clear To Send input for USARTL. PINASSIGN2 Table 109
Ul SCLK I/O Serial clock input/output for USART1 in synchronous PINASSIGN2 Table 109
mode.
U2_TXD (0] Transmitter output for USART2. PINASSIGN2 Table 109
U2_RXD I Receiver input for USART2. PINASSIGN2 Table 109
U2_SCLK Ie] Serial clock input/output for USART1 in synchronous PINASSIGN3 Table 110
mode.
SPI0_SCK I/0 Serial clock for SPIO. PINASSIGN3 Table 110
SPI0_MOSI 110 Master Out Slave In for SPIO. PINASSIGN3 Table 110
SPI0_MISO 1/0 Master In Slave Out for SPIO. PINASSIGN3 Table 110
SPIO_SSELO I/0 Slave select 0 for SPIO. PINASSIGN4 Table 111
SPI0_SSEL1 le] Slave select 1 for SPIO. PINASSIGN4 Table 111
SPIO_SSEL2 I/0 Slave select 2 for SPIO. PINASSIGN4 Table 111
SPI0_SSEL3 le] Slave select 3 for SPIO. PINASSIGN4 Table 111
SPI1_SCK I/0 Serial clock for SPI1. PINASSIGN5 Table 112
SPI1_MOSI 110 Master Out Slave In for SPI1. PINASSIGN5 Table 112
SPI1_MISO 110 Master In Slave Out for SPI1. PINASSIGN5 Table 112
SPI1_SSELO I/O Slave select 0 for SPI1. PINASSIGN5S Table 112
SPI1_SSEL1 I/0 Slave select 1 for SPI1. PINASSIGNG6 Table 113
CANO_TD (0] CANO transmit. PINASSIGNG6 Table 113
CANO_RD I CANO receive. PINASSIGN6 Table 113
USB_VBUS I USB VBUS. PINASSIGN7 Table 114
SCTO0_OUTO o SCTO output 0. PINASSIGN7 Table 114
SCTO0_OUT1 o SCTO output 1. PINASSIGN7 Table 114
SCTO0_OUT2 o SCTO output 2. PINASSIGN7 Table 114
SCT1_OuUTO o SCT1 output 0. PINASSIGNS8 Table 115
SCT1_OuUT1 o SCT1 output 1. PINASSIGN8 Table 115
SCT1_OUT2 o SCT1 output 2. PINASSIGNS8 Table 115
SCT2_OuUTO0 o SCT2 output 0. PINASSIGN8 Table 115
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Table 105. Movable functions ...continued
Function name  Type Description SWM Pin assign Reference
register
SCT2_OUT1 (0] SCT2 output 1. PINASSIGN9 Table 116
SCT2_0OuUT2 (0] SCT2 output 2. PINASSIGN9 Table 116
SCT3_OUTO0 (0] SCT3 output 0. PINASSIGN9 Table 116
SCT3_OUT1 (0] SCT3 output 1. PINASSIGN9 Table 116
SCT3_0uUT2 (0] SCT3 output 2. PINASSIGN10 Table 117
SCT_ABORTO I SCT abort 0. PINASSIGN10 Table 117
SCT_ABORT1 I SCT abort 1. PINASSIGN10 Table 117
ADCO_PINTRIGO | ADCO external pin trigger input O. PINASSIGN10 Table 117
ADCO_PINTRIG1 | ADCO external pin trigger input 1. PINASSIGN11 Table 118
ADC1_PINTRIGO | ADC1 external pin trigger input O. PINASSIGN11 Table 118
ADC1_PINTRIG1 | ADC1 external pin trigger input 1. PINASSIGN11 Table 118
DAC_PINTRIG I DAC external pin trigger input. PINASSIGN11 Table 118
DAC_SHUTOFF | DAC shut-off external input. PINASSIGN12 Table 119
ACMPO_O (0] Analog comparator 0 output. PINASSIGN12 Table 119
ACMP1_O (0] Analog comparator 1 output. PINASSIGN12 Table 119
ACMP2_0O (0] Analog comparator 2 output. PINASSIGN12 Table 119
ACMP3_0O (0] Analog comparator 3 output. PINASSIGN13 Table 120
CLKOUT (0] Clock output. PINASSIGN13 Table 120
ROSC (0] Analog comparator ring oscillator output. PINASSIGN13 Table 120
ROSC_RESET I Analog comparator ring oscillator reset. PINASSIGN13 Table 120
USB_FTOGGLE O USB frame toggle. Do not assign this function to a pin untii PINASSIGN14 Table 121
a USB device is connected and the first SOF interrupt has
been received by the device.

QEI_PHA | QEI phase A input. PINASSIGN14 Table 121
QEI_PHB | QEI phase B input. PINASSIGN14 Table 121
QEI_IDX I QEIl index input. PINASSIGN14 Table 121
GPIO_INT_BMAT O Output of the pattern match engine. PINASSIGN15 Table 122
SWO (0] Serial wire output. PINASSIGN15 Table 122
8.5 Register description
Table 106. Register overview: Switch matrix (base address 0x4003 8000)
Name Access Offset Description Reset value Reference
PINASSIGNO R/W 0x000 Pin assign register 0. Assign movable OxFFFF FFFF  Table 107

functions UO_TXD, UO_RXD, UO_RTS,

Uo_CTsS.
PINASSIGN1 R/W 0x004 Pin assign register 1. Assign movable OxFFFF FFFF  Table 108

functions UO_SCLK, U1_TXD, U1_RXD,

Ul _RTS.
PINASSIGN2 R/W 0x008 Pin assign register 2. Assign movable OXFFFF FFFF  Table 109

UM10736

functions U1_CTS, Ul_SCLK, U2_TXD,
U2_RXD.
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Name
PINASSIGN3

PINASSIGN4

PINASSIGNS

PINASSIGNG

PINASSIGN7

PINASSIGNS

PINASSIGN9

PINASSIGN10

PINASSIGN11

PINASSIGN12

PINASSIGN13

PINASSIGN14

PINASSIGN15

PINENABLEO

PINENABLE1

Access
R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Offset
0x00C

0x010

0x014

0x018

0x01C

0x020

0x024

0x028

0x02C

0x030

0x034

0x038

0x03C

0x1CO0

0x1C4

Description

Pin assign register 3. Assign movable

function U2_SCLK, SPI0_SCK, SPI0_MOSI,

SPI0_MISO.

Pin assign register 4. Assigh movable
functions SPI0_SSELO, SPIO_SSEL1,
SPIO_SSEL2, SPI0_SSEL3.

Pin assign register 5. Assigh movable
functions SPI1_SCK, SPI1_MOSI,
SPI1_MISO, SPI1_SSELO

Pin assign register 6. Assign movable
functions SPI1_SSEL1, CANO_TD,
CANO_RD.

Pin assign register 7. Assign movable
functions USB_VBUS, SCT0_OUTO,
SCTO_OUT1, SCTO_OUT2

Pin assign register 8. Assign movable
functions SCT1_OUTO, SCT1_OUT1,
SCT1_0OUT2, SCT2_OUTO0

Pin assign register 9. Assign movable
functions SCT2_0OUT1, SCT2_0UT?2,
SCT3_OUTO, SCT3_OUT1

Pin assign register 10. Assigh movable
functions SCT3_OUT2, SCT_ABORTO,
SCT_ABORT1, ADCO_PINTRIGO

Pin assign register 11. Assign movable
functions ADCO_PINTRIG1,
ADC1_PINTRIGO, ADC1_PINTRIG1,
DAC_PINTRIG

Pin assign register 12. Assigh movable
functions DAC_SHUTOFF, ACMPO_O,
ACMP1_0O, ACMP2_0O

Pin assign register 13. Assign movable
functions ACMP3_0O, CLKOUT, ROSC,
ROSC_RESET

Pin assign register 14. Assign movable
functions USB_FTOGGLE, QEI_PHA,
QEI_PHB, QEI_IDX

Pin assign register 15. Assign movable
functions GPIO_INT_BMAT, SWO

Reserved

Pin enable register 0. Enables fixed-pin
functions for ADCO, ADC1, and analog
comparator.

Pin enable register 0. Enables fixed-pin

functions for analog comparator, I12C, SCT

outputs, RESET, serial wire debug.

Reset value
OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFFFF FFFF

OXFF1F FFFF

Reference
Table 110

Table 111

Table 112

Table 113

Table 114

Table 115

Table 116

Table 117

Table 118

Table 119

Table 120

Table 121

Table 122

Table 123

Table 124
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8.5.1 PINASSIGNO

Table 107. Pin assign register 0 (PINASSIGNO, address 0x4003 8000) bit description

Bit Symbol Description Reset
value
7.0 UARTO_TXD_O  UARTO_TXD function assignment. The value is the pin OxFF

number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 =75.

15:8 UARTO_RXD_I UARTO_RXD function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, .., PI0O2_11 =75.

23:16 UARTO_RTS_O UARTO_RTS function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, ..., PI0O2_11 = 75.

31:24 UARTO_CTS | UARTO_CTS function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PI02_11 = 75.

8.5.2 PINASSIGN1

Table 108. Pin assign register 1 (PINASSIGN1, address 0x4003 8004) bit description

Bit Symbol Description Reset
value
7:0 UARTO_SCLK_ IO UARTO_SCLK function assignment. The value is the pin  OxFF

number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11=75.

15:8 UART1_TXD_O UART1_TXD function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, .., PlO2_11=75.

23:16 UART1_RXD_I UART1_RXD function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32,..,PlO2_11=75.

31:24 UART1_RTS_O  UART1_RTS function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 =75.

8.5.3 PINASSIGN2

Table 109. Pin assign register 2 (PINASSIGN2, address 0x4003 8008) bit description

Bit Symbol Description Reset
value
7.0 UART1_CTS_| UART1_CTS function assignment. The value is the pin OxFF

number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 =75.
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Table 109. Pin assign register 2 (PINASSIGN2, address 0x4003 8008) bit description

Bit

15:8

23:16

31:24

Symbol

UART1_SCLK_IO

UART2_TXD_O

UART2_RXD_|

Description Reset
value

UART1_SCLK function assignment. The value is the pin  OXFF
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32,..,PI0O2_11 =75.

UART2_TXD function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, .., PIO2_11=75.

UART2_RXD function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, .., PIO2_11=75.

8.5.4 PINASSIGN3

Table 110. Pin assign register 3 (PINASSIGN3, address 0x4003 800C) bit description

Bit

7:0

15:8

23:16

31:24

Symbol

Description Reset
value

UART2_SCLK_ IO UARTZ2_SCLK function assignment. The value is the pin  OxFF

SPI0_SCK_IO

SPI0_MOSI_IO

SPI0_MISO_IO

8.5.5 PINASSIGN4

Table 111. Pin assign register 4 (PINASSIGN4, address 0x4003 8010) bit description

number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11=75.

SPI0_SCK function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 = 0,...,
PIO1_0=32, .., PlO2_11=75.

SPI0_MOSI function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 = 75.

SPI0_MISO function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., Pl0O2_11 =75.

Bit

7:0

15:8

23:16

31:24

Symbol

SPI0_SSELSN_0
1o

SPI0_SSELSN_1
10

SPI0_SSELSN_2
10

SPI0_SSELSN_3
o)

Description Reset
value

SPI0_SSELSN_O function assignment. The value isthe  OxFF
pin number to be assigned to this function. PIO0_0 =0,

.., PIO1_0=32, ..., PI02_11 = 75.

SPI0_SSELSN_1 function assignment. The value isthe  OxFF
pin number to be assigned to this function. PIO0_0 =0,

.., PIO1_0=32, ..., PI02_11 = 75.

SPI0_SSELSN_2 function assignment. The value isthe  OxFF
pin number to be assigned to this function. PIO0_0 =0,

., PIO1_0=32, ..., PI02_11 = 75.

SPI0_SSELSN_3 function assignment. The value is the  OxFF

pin number to be assigned to this function. PIO0_0 = 0,
.., PI01_0=32, .., PlO2_11 =75.
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8.5.6 PINASSIGNS

Table 112. Pin assign register 5 (PINASSIGN5, address 0x4003 8014) bit description

Bit Symbol Description Reset
value
7:0 SPI1_SCK_IO SPI1_SCK function assignment. The value is the pin OxFF

number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 =75.

15:8 SPI1_MOSI_IO SPI1_MOSI function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, ..., PIO2_11 = 75.

23:16 SPI1_MISO_IO SPI1_MISO function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, ..., PI0O2_11 = 75.

31:24 SPI1_SSELSN_O0 SPI1_SSELSN_O0 function assignment. The value isthe  OxFF

_lo pin number to be assigned to this function. PIO0_0 = 0,
..., PI01_0=32, ..., PIO2_11 = 75.

8.5.7 PINASSIGNG6

Table 113. Pin assign register 6 (PINASSIGNG6, address 0x4003 8018) bit description

Bit Symbol Description Reset
value
7:0 SPI1_SSELSN_1 SPI1_SSELSN_1 function assignment. The value isthe  OxFF
_10 pin number to be assigned to this function. PIO0_0 = 0,
..., PI01_0=32, .., PIO2_11 =75.
15:8 CAN_TD1_0O CAN_TD1 function assignment. The value is the pin OxFF

number to be assigned to this function. PIO0_0 =0, ...,
PIO1 0=32, ..., PIO2_11=75.

23:16 CAN_RD1_I CAN_RD1 function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32,..,PlO2_11=75.

31:24 - Reserved, OxFF

8.5.8 PINASSIGNY7

Table 114. Pin assign register 7 (PINASSIGN7, address 0x4003 801C) bit description

Bit Symbol Description Reset
value
7:0 USB_VBUS | USB_VBUS function assignment. The value is the pin OxFF

number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, ..., PI0O2_11 = 75.

15:8 SCTO_OUTO_O  SCTO_OUTO function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 = 75.

23:16 SCT0_OUT1_O SCTO_OUT1 function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 = 75.

31:24 SCT0_OUT2_O SCTO_OUT2 function assignment. The value is the pin OxFF

number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PI0O2_11 =75.
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8.5.9 PINASSIGNS8

Table 115. Pin assign register 8 (PINASSIGNS8, address 0x4003 8020) bit description

Bit Symbol Description Reset
value
7.0 SCT1_OUTO0_O  SCT1_OUTO function assignment. The value is the pin OxFF

number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 = 75.

15:8 SCT1_OUT1_O  SCT1_OUTL1 function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32,..., PI0O2_11 = 75.

23:16 SCT1_OUT2_O SCT1_OUT2 function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, ..., PI0O2_11 = 75.

31:24 SCT2_OUTO0_O SCT2_OUTO function assignment. The value is the pin OxFF

number to be assigned to this function. PIO0_0 =0, ...,
PIO1 0=32, .., PIO2_ 11 =75.

8.5.10 PINASSIGN9

Table 116. Pin assign register 9 (PINASSIGN9, address 0x4003 8024) bit description

Bit Symbol Description Reset
value
7:0 SCT2_OUT1_O  SCT2_OUT1 function assignment. The value is the pin OxFF

number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11=75.

15:8 SCT2_0OUT2_O  SCT2_OUT2 function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32,..,PlO2_11=75.

23:16 SCT3_OUTO0_O  SCT3_OUTO function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 = 75.

31:24 SCT3_OUT1_O SCT3_OUT1 function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 =75.

8.5.11 PINASSIGN10

Table 117. Pin assign register 10 (PINASSIGN10, address 0x4003 8028) bit description

Bit Symbol Description Reset
value
7.0 SCT3_0OUT2_O  SCT3_OUT2 function assignment. The value is the pin OxFF

number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 =75.
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Table 117. Pin assign register 10 (PINASSIGN10, address 0x4003 8028) bit description

Bit

15:8

23:16

31:24

Symbol

SCT_ABORTO_|

SCT_ABORTL_|

ADCO_PIN_TRIG
0l

Description

SCT_ABORTO function assignment. The value is the pin
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32,..,PI0O2_11 =75.

SCT_ABORT1 function assignment. The value is the pin
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, .., PIO2_11=75.

ADCO_PIN_TRIGO function assignment. The value is the

pin number to be assigned to this function. PIO0_0 = 0,
..., PI01_0=32, ..., PIO2_11 = 75.

Reset
value

OxFF

OxFF

OxFF

8.5.12 PINASSIGN11

Table 118. Pin assign register 11 (PINASSIGN11, address 0x4003 802C) bit description

Bit

7:0

15:8

23:16

31:24

Symbol

ADCO_PIN_TRIG
11

ADC1_PIN_TRIG
0|

ADC1_PIN_TRIG
11

DAC_PIN_TRIG_|

8.5.13 PINASSIGN12

Description

ADCO_PIN_TRIG1 function assignment. The value is the

pin number to be assigned to this function. PIO0_0 = 0,
..., PI01_0=32, .., PIO2_11 =75.

ADC1_PIN_TRIGO function assignment. The value is the

pin number to be assigned to this function. PIO0_0 = 0,
.., PI01_0=32,..,PlO2_11 =75.

ADC1_PIN_TRIG1 function assignment. The value is the

pin number to be assigned to this function. PIO0_0 = 0,
.., PI01_0=32,..,PlO2_11 =75.

DAC_PIN_TRIG function assignment. The value is the
pin number to be assigned to this function. PIO0_0 =0,
..., PI01_0=32, ..., PIO2_11 =75.

Reset
value

OxFF

OxFF

OXFF

OxFF

Table 119. Pin assign register 12 (PINASSIGN12, address 0x4003 8030) bit description

Bit

7:0

15:8

23:16

31:24

Symbol

Description

DAC_SHUTOFF_|I DAC_SHUTOFF function assignment. The value is the

ACMPO_OUT_O

ACMP1_OUT O

ACMP2_OUT_O

pin number to be assigned to this function. PIO0_0 =0,
..., PI01_0=32, ..., PIO2_11 =75.

ACMPOQ_OUT function assignment. The value is the pin
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, .., PI0O2_11 =75.

ACMP1_OUT function assignment. The value is the pin
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, .., PlO2_11=75.

ACMP2_OUT function assignment. The value is the pin
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32,..,PlO2_11=75.

Reset
value

OxFF

OxFF

OxFF

OxFF

UM10736
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Table 120. Pin assign register 13 (PINASSIGN13, address 0x4003 8034) bit description

Bit Symbol Description Reset
value
7.0 ACMP3_OUT_O ACMP3_OUT function assignment. The value is the pin  OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 = 75.
15:8 CLK_OUT_O CLK_OUT function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0=0, ...,
PIO1_0=32, ..., PIO2_11 =75.
23:16 ROSCO0_O ROSCO function assignment. The value is the pin number OxFF
to be assigned to this function. PIO0_0=0, ..., PIO1_0 =
32, ..., PlO2_11 =75.
31:24 ROSC_RSTO | ROSC_RSTO function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PI0O2_11 = 75.
8.5.15 PINASSIGN14
Table 121. Pin assign register 14 (PINASSIGN14, address 0x4003 8038) bit description
Bit Symbol Description Reset
value
7:0 USB_FRAME_TO USB_FRAME_TOG function assignment. The value isthe OxFF
G O pin number to be assigned to this function. PIO0_0 = 0,
.., PIO1_0=32, ..., PI02_11 = 75.
15:8 QEIO_PHA | QEIO_PHA function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 = 75.
23:16 QEIO_PHB_I QEIO_PHB function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 = 75.
31:24 QEIO_IDX I QEIO_IDX function assignment. The value is the pin OxFF
number to be assigned to this function. PIO0_0 =0, ...,
PIO1_0=32, ..., PIO2_11 = 75.
8.5.16 PINASSIGN15
Table 122. Pin assign register 15 (PINASSIGN15, address 0x4003 803C) bit description
Bit Symbol Description Reset
value
7.0 GPIO_INT_BMAT GPIO_INT_BMATCH function assignment. The value is  OxFF
CH_O the pin number to be assigned to this function. PIO0_0 =
0,..,PIO1_0=32,..,PlO2_11 =75.
15:8 SWO_O SWO function assignment. The value is the pin numberto OxFF
be assigned to this function. PIO0_0=0, ..., PIO1_0=32,
.., PIO2_11 =75.
23:16 - Reserved. OxFF
31:24 - Reserved. OxFF
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This register enables analog or digital fixed-pin functions that can only be assigned to one

pin.

If the fixed-pin function is disabled, this pin is connected to GPIO or any digital pin function
that is assigned to it through the PINASSIGN registers. By default the fixed-pin function is
deselected and GPIO is assigned to this pin.

Table 123. Pin enable register 0 (PINENABLEO, address 0x4003 81C0) bit description

Bit Symbol Value
0 ADCO0_0
1 ADCO 1
2 ADCO_2
3 ADCO 3
4 ADCO_4
5 ADCO 5
6 ADCO_6
7 ADCO_7
8 ADCO_8
9 ADCO0_9
10 ADCO_10

Description

ADCO_0 function enable.
Enabled on pin PIOO_8.
Disabled.

ADCO _1 function enable.
Enabled on pin PIO0_7.
Disabled.

ADCO_2 function enable.
Enabled on pin PIOO_6.
Disabled.

ADCO_3 function enable.
Enabled on pin PIOO_5.
Disabled.

ADCO_4 function enable.
Enabled on pin PIOO_4.
Disabled.

ADCO_5 function enable.
Enabled on pin PIO0_3.
Disabled.

ADCO_6 function enable.
Enabled on pin PIOO_2.
Disabled.

ADCO_7 function enable.
Enabled on pin PIO0_1.
Disabled.

ADCO_8 function enable.
Enabled on pin PIO1_0.
Disabled.

ADCO0_9 function enable.
Enabled on pin PIO0_31.
Disabled.

ADCO_10 function enable.

Enabled on pin PIOO_0.
Disabled.

All information provided in this document is subject to legal disclaimers.
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Table 123. Pin enable register 0 (PINENABLEO, address 0x4003 81C0) bit description

Bit

11

12

13

14

15

16

17

18

19

20

21

22

23

24

UM10736

Symbol Value

ADCO_11

ADC1 0

ADC1_1

ADC1_2

ADC1_3

ADC1_4

ADC1 5

ADC1_6

ADC1_7

ADC1_8

ADC1_9

ADC1_10

ADC1_11

DAC_OUT

Description

ADCO_11 function enable.
Enabled on pin PIOO_30.
Disabled.

ADCL1_0 function enable.
Enabled on pin PIO1_1.
Disabled.

ADC1_1 function enable.
Enabled on pin PIO0_9.
Disabled.

ADC1_2 function enable.
Enabled on pin PIOQ_10.
Disabled.

ADC1_3 function enable.
Enabled on pin PIOO_11.
Disabled.

ADC1_4 function enable.
Enabled on pin PIO1_2.
Disabled.

ADC1_5 function enable.
Enabled on pin PIO1_3.
Disabled.

ADC1_6 function enable.
Enabled on pin PIOO_13.
Disabled.

ADC1_7 function enable.
Enabled on pin PIO0_14.
Disabled.

ADC1_8 function enable.
Enabled on pin PIOO_15.
Disabled.

ADC1 9 function enable.
Enabled on pin PIO0_16.
Disabled.

ADC1_10 function enable.
Enabled on pin PIO1_4.
Disabled.

ADC1_11 function enable.
Enabled on pin PIO1_5.
Disabled.

DAC_OUT function enable.

All information provided in this document is subject to legal disclaimers.
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Table 123. Pin enable register 0 (PINENABLEO, address 0x4003 81CO0) bit description

Bit Symbol Value Description Reset
value

Enabled on pin PIO0_12.
Disabled.

25 ACMP_I1 ACMP input 1 (common input) function enable. 1
Enabled on pin PIOO_27.
Disabled.

26 ACMP_I2 ACMP input 2 (common input) function enable. 1
Enabled on pin PIO1_6.
Disabled.

27 ACMPO_I3 Analog comparator 0 input 3 function enable. 1
Enabled on pin PIO0_26.
Disabled.

28 ACMPO_l4 Analog comparator 0 input 4 function enable. 1
Enabled on pin PIOQ_25.
Disabled.

29 ACMP1_I3 Analog comparator 1 input 3 function enable. 1
Enabled on pin PIO0_28.
Disabled.

30 ACMP1_l4 Analog comparator 1 input 4 function enable. 1
Enabled on pin PIO1_10.
Disabled.

31 ACMP2_I3 Analog comparator 2 input 3 function enable. 1
Enabled on pin PIO0_29.
Disabled.

8.5.18 PINENABLE 1

This register enables analog or digital fixed-pin functions that can only be assigned to one
pin.

If the fixed-pin function is disabled, this pin is connected to GPIO or any digital pin function that is
assigned to it through the PINASSIGN registers. By default the fixed-pin function is deselected and
GPIO is assigned to this pin.

Table 124. Pin enable register 1 (PINENABLEL, address 0x4003 81C4) bit description

Bit Symbol Value Description Reset
value
0 ACMP2_l4 Analog comparator 2 input 4 function enable. 1
Enabled on pin PIO1_9.
Disabled.
1 ACMP3_I3 Analog comparator 3 input 3 function enable. 1
Enabled on pin PIO1_8.
Disabled.
2 ACMP3_l4 Analog comparator 3 input 4 function enable. 1
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Table 124. Pin enable register 1 (PINENABLE1L, address 0x4003 81C4) bit description

Bit

10

11

12

13

14

15

Symbol

12C0_SDA

12C0_SCL

SCT0_OUT3

SCT0_OUT4

SCT0_OUT5

SCTO_OUT6

SCTO0_OUT7

SCT1_OUT3

SCT1_0OUT4

SCT1_OUT5

SCT1_OUT6

SCT1_OUT?

SCT2_OUT3

Description

Enabled on pin PIO1_7.
Disabled.

12C0_SDA function enable.
Enabled on pin PIO0_23.
Disabled.

I2C0_SCL function enable.
Enabled on pin PIO0_22.
Disabled.

SCTO_OUTS function enable.
Enabled on pin PIO0_0.
Disabled.

SCTO_OUT4 function enable.
Enabled on pin PIO0_1.
Disabled.

SCTO_OUTS5 function enable.

Enabled on function PIO0_18.

Disabled.

SCTO_OUT®6 function enable.
Enabled on pin PIO0_24.
Disabled.

SCTO_OUTY7 function enable.
Enabled on pin PIO1_14.
Disabled.

SCT1_OUT3 function enable.
Enabled on pin PIO0_2.
Disabled.

SCT1_OUT4 function enable.
Enabled on pin PIO0_3.
Disabled.

SCT1_OUTS5 function enable.
Enabled on pin PIO0_14.
Disabled.

SCT1_OUTS6 function enable.
Enabled on pin PIO0_20.
Disabled.

SCT1_OUTY7 function enable.
Enabled on pin PIO1_17.
Disabled.

SCT2_OUTS3 function enable.
Enabled on pin PIOO_B6.
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Table 124. Pin enable register 1 (PINENABLE1L, address 0x4003 81C4) bit description

Bit Symbol Value Description Reset
value

1 Disabled.
16 SCT2_0OUT4 SCT2_0OUT4 function enable. 1
Enabled on pin PIO0_29.
Disabled.
17 SCT2_0OUT5 SCT2_OUTS5 function enable. 1
0 Enabled on pin PIO1_20.
Disabled.
18 SCT3_0OUT3 SCT3_OUTS3 function enable. 1
Enabled on pin PIOO_26.
Disabled.
19 SCT3_OUT4 SCT3_OUT4 function enable. 1
Enabled on pin PIO1_8.
Disabled.
20 SCT3_OUT5 SCT3_OUTS5 function enable. 1
Enabled on pin PIO1_24.
Disabled.
21 RESETN RESET function enable. 0
0 Enabled on pin PIO0_21.
Disabled.
22 SWCLK SWCLK function enable. 0
Enabled on pin PIO0_19.
Disabled.
23 SWDIO SWDIO function enable. 0
Enabled on pin PIO0_20.
Disabled.
31:24 - - Reserved. 1
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9.1 How to read this chapter

Input multiplexing is available for all parts. Depending on the package, not all inputs from
external pins may be available. See Table 96 “Available pin configuration registers”.

9.2 Features

¢ Configures the inputs to the SCTs.
¢ Configures the inputs to the pin interrupt block and pattern match engine.
* Configures the inputs to the DMA triggers.

¢ Configures the inputs to the frequency measure function. This function is controlled by
the FREQMECTRL register in the SYSCON block.

9.3 Basic configuration

Once set up, no clocks are needed for the input multiplexer to function. The system clock
is needed only to write to or read from the INPUT MUX registers. Once the input
multiplexer is configured, disable the clock to the INPUT MUX block in the
SYSAHBCLKCTRL register.

9.4 Pin description

The input multiplexer has no dedicated pins. However, several external pins can be
selected as inputs to the SCT input multiplexer and all digital pins of ports 0 and 1 can be
selected as inputs to the pin interrupts. Multiplexer inputs from external pins work
independently of any function assigned to the pin through the switch matrix as long as no
analog function is enabled.

Table 125. INPUT MUX pin description

Pins Peripheral Input mux
Reference

P100_2, PIO0_3, PIO0_17, PIO0O_30, PIO1_s6, SCTO Table 127

PIO1 7, PIO1_12, PIO1 13

P100_15, PIO0_16, PIO0_21, PIO0_31,PIO1_4, SCT1 Table 128

PIO1_5, PIO1_15, PIO1_16

PO_4, PO_27, P1_18, P1_19 SCT2 Table 129

P100_7, PIO1_11, PIO1_21, PIO1_22 SCT3 Table 130

PIO0_n, PIO1_n(n=0to 31) Pin interrupts 0 to 7 Table 131

PIO0_5, PIO0_19, PIO0_30, PIO1_27 Frequency measure block Table 134

UM10736 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.

User manual Rev. 1.1 — 3 March 2014 140 of 759




NXP Semiconductors UM10736

Chapter 9: LPC15xx Input multiplexing (INPUT MUX)

9.5 General description

UM10736

9.5.1

9.5.2

The inputs to the four SCTSs, to the DMA trigger, to the eight pin interrupts, and to the
frequency measure block are multiplexed to multiple input sources. The sources can be
external pins, interrupts, or output signals of other peripherals.

The input multiplexing makes it possible to design complex event-driven processes
without CPU intervention by connecting peripherals like the SCTs and the ADCs, the
SCTs and the analog comparators, or two SCTs internally with each other.

The DMA can use trigger input multiplexing to sequence DMA transactions without the
use of interrupt service routines.

SCT input multiplexing

SCT0/M1
inputs
0

——————»

pins %;»

SCT outputs,
howp ouputs, 7
SCT IPU %Lllztgﬁz SCTO0/1 outputs

scTo —1%—
SCTA

pins %;»
SCT outputs,
ADC interrupts

, 15
ACMP outputs, 7
SCT IPU outputs,

DEBUG _—

|SCTO/1_INMUX6| ooe |SCTO/1_INMUXO|

SCT2/3
inputs
0

pins 4;»
SCT outputs,
ADC interrupts, 17
ACMP outputs, 7
USB_FTOGGLE,
DEBUG

SCT2/3 outputs

SCT2 —6,;>
SCT3

pins %;»
SCT outputs,
ADC interrupts,

17
ACMP outputs, ~7

USB_FTOGGLE,
DEBUG

SCT2/3 INMUX2|eeeBCT2/3_INMUXQ

Fig 13. SCT input multiplexing

Pin interrupt input multiplexing

The input mux for the pin interrupts and pattern match engine multiplexes all pins from
ports 0 and 1.
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INPUT MUX

all pins PIO[0:1]_m

all pins PIO[0:1]_m

EDGE/LEVEL
DETECT LOGIC

—» NVIC pin interrupt 0

o —— Pattern match engine slices 0 to7

PINTSEL7

Fig 14. Pin interrupt multiplexing

EDGE/LEVEL
DETECT LOGIC

—> NVIC pin interrupt 7

L » Pattern match engine slices 0 to7

9.5.3 DMA trigger input multiplexing

DMA trigger

ADC sequence
interrupts,

SCT DMA requests,
ACMP outputs

inputs 0:19:

INPUT MUX

DMA_ITRIG_INMUXn

trigger input

DMA_INMUX_INMUXO0
from DMA channel 0 — >

from DMA channel 17 —»

INP_N

DMA_INMUX_INMUX3
from DMA channel 0 —>

from DMA channel 17 —»

INP_N

INP_N

DMA channel
trigger output n

Fig 15. DMA trigger multiplexing

UM10736
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Table 126. Register overview: Input multiplexing (base address 0x4001 4000)

All input mux registers reside on word address boundaries. Details of the registers appear
in the description of each function.

All address offsets not shown in Table 126 are reserved and should not be written to.

Name

SCTO_INMUXO
SCTO_INMUX1
SCTO_INMUX2
SCTO_INMUX3
SCTO_INMUX4
SCTO_INMUX5
SCTO_INMUX6
SCT1_INMUXO
SCT1_INMUX1
SCT1_INMUX2
SCT1_INMUX3
SCT1_INMUX4
SCT1_INMUX5
SCT1_INMUX6
SCT2_INMUX0
SCT2_INMUX1
SCT2_INMUX2

SCT3_INMUX0
SCT3_INMUX1
SCT3_INMUX2

PINTSELO
PINTSEL1
PINTSEL2
PINTSEL3
PINTSEL4
PINTSEL5
PINTSEL6

UM10736

Access

R/W
R/W
R/W
R/W
R/W
R/W
R/W

R/W
R/W
R/W
R/W
R/W
R/W

R/W
R/W
R/W

R/W
R/W
R/W

R/W
R/W
R/W
R/W
R/W
R/W
R/W

Offset

0x000
0x004
0x008
0x00C
0x010
0x014
0x018
0x01C
0x020
0x024
0x028
0x02C
0x030
0x034
0x038
0x03C
0x040
0x044
0x048
0x04C

0x05C
0x060
0x064
0x068
0x06C

0x0BC
0x0CO0
0x0C4
0x0C8
0x0CC
0x0DO0
0x0D4
0x0D8

All information provided in this document is subject to legal disclaimers.

Description

Input mux register for SCTO input O
Input mux register for SCTO input 1
Input mux register for SCTO input 2
Input mux register for SCTO input 3
Input mux register for SCTO input 4
Input mux register for SCTO input 5
Input mux register for SCTO input 6
Reserved.

Input mux register for SCT1 input O
Input mux register for SCT1 input 1
Input mux register for SCT1 input 2
Input mux register for SCT1 input 3
Input mux register for SCT1 input 4
Input mux register for SCT1 input 5
Input mux register for SCT1 input 6
Reserved.

Input mux register for SCT2 input O
Input mux register for SCT2 input 1
Input mux register for SCT2 input 2
Reserved.

Input mux register for SCT3 input O
Input mux register for SCT3 input 1
Input mux register for SCT3 input 2
Reserved.

Pin interrupt select register 0
Pin interrupt select register 1
Pin interrupt select register 2
Pin interrupt select register 3
Pin interrupt select register 4
Pin interrupt select register 5
Pin interrupt select register 6

Reset
value

Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F
Ox1F

Ox1F
Ox1F
Ox1F

Ox7F
OX7F
Ox7F
Ox7F
Ox7F
Ox7F
Ox7F

Reference

Table 127
Table 127
Table 127
Table 127
Table 127
Table 127
Table 127
Table 128
Table 128
Table 128
Table 128
Table 128
Table 128
Table 128
Table 129
Table 129
Table 129

Table 130
Table 130
Table 130

Table 131
Table 131
Table 131
Table 131
Table 131
Table 131
Table 131
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Table 126. Register overview: Input multiplexing (base address 0x4001 4000) ...continued

Name

PINTSEL7
DMA_ITRIG_INMUXO

DMA_ITRIG_INMUX1

DMA_ITRIG_INMUX2

DMA_ITRIG_INMUX3

DMA_ITRIG_INMUX4

DMA_ITRIG_INMUX5

DMA_ITRIG_INMUX6

DMA_ITRIG_INMUX7

DMA_ITRIG_INMUX8

DMA_ITRIG_INMUX9

DMA_ITRIG_INMUX10

DMA_ITRIG_INMUX11

DMA_ITRIG_INMUX12

DMA_ITRIG_INMUX13

DMA_ITRIG_INMUX14

DMA_ITRIG_INMUX15

UM10736

Access

R/W
R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Offset

0x0DC
O0xOEO

OxOE4

OxOE8

Ox0EC

0x0FO0

Ox0F4

O0xOF8

OxOFC

0x100

0x104

0x108

0x10C

0x110

0x114

0x118

0x11C

Description

Pin interrupt select register 7

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

Input mux register for trigger inputs 0 to 23 connected to
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

All information provided in this document is subject to legal disclaimers.

Reset
value

OX7F
Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Ox1F

Reference

Table 131
Table 132

Table 132

Table 132

Table 132

Table 132

Table 132

Table 132

Table 132

Table 132

Table 132

Table 132

Table 132

Table 132

Table 132

Table 132

Table 132
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Table 126. Register overview: Input multiplexing (base address 0x4001 4000) ...continued

Name

DMA_ITRIG_INMUX16

DMA_ITRIG_INMUX17

DMA_INMUX_INMUXO

DMA_INMUX_INMUX1

DMA_INMUX_INMUX2

DMA_INMUX_INMUX3

FREQMEAS_REF

FREQMEAS_TARGET

Access Offset Description Reset Reference
value
R/W 0x120 Input mux register for trigger inputs 0 to 23 connected to O0x1F  Table 132

DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

R/W 0x124  Input mux register for trigger inputs 0 to 23 connected to O0x1F  Table 132
DMA channel 0. Selects from ADC, SCT, ACMP DMA
interrupts and DMA requests.

R/W 0x140 Input mux register for DMA trigger input 20. Selects from O0x1F  Table 133
18 DMA trigger outputs.

R/W 0x144  Input mux register for DMA trigger input 21. Selects from Ox1F  Table 133
18 DMA trigger outputs.

R/W 0x148 Input mux register for DMA trigger input 22. Selects from O0x1F  Table 133
18 DMA trigger outputs.

R/W 0x14C Input mux register for DMA trigger input 23. Selects from O0x1F  Table 133

18 DMA trigger outputs.

R/W 0x160 Clock selection for frequency measurement function OxF Table 134
reference clock

R/W 0x164 Clock selection for frequency measurement function OxF Table 135
target clock

9.6.1

SCTO Input mux registers 0to 6

With the SCTO Input mux registers you can select one input source for each SCTO input
from 23 external and internal sources. (An exception is SCTO input SCTO_IN7 which is
connected to the SCT PLL clock and not multiplexed with any other signals.)

The output of SCTO Input mux register 0 selects the source for SCTO input 0, the output
of SCTO Input mux register 1 selects the source for SCTO input 1, and so forth up to SCTO
Input mux register 6, which selects the input for SCTO input 6.

The value to be programmed in this register is the Input mux input number ranging from O
for pin PIO0_2 to 22 for the DEBUG_HALTED signal from the ARM CoreSight debug
signal.

Inputs 0 to 7 are directly connected to specific external pins as indicated in the register
description table. The same pins can also be connected through the switch matrix as
inputs to another peripheral.

See Section 15.3.1 “SCT inputs and outputs” for details.

Table 127. SCTO Input mux registers 0 to 6 (SCTO_INMUX[0:6], address 0x4001 4000
(SCTO_INMUXO) to 0x4001 4018 (SCTO_INMUX®6)) bit description

Bit Symbol  Value Description Reset
value
4:0 INP_N Input number (decimal value) to SCTO inputs O to 6. Ox1F
0x0 P100_2. (external pin)
Ox1 PIO0_3. (external pin)
0x2 P100_17. (external pin)
0x3 PIO0_30. (external pin)
UM10736 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.
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Table 127. SCTO Input mux registers 0 to 6 (SCTO_INMUX[0:6], address 0x4001 4000
(SCTO_INMUXO0) to 0x4001 4018 (SCTO_INMUX®6)) bit description

Bit Symbol  Value Description Reset
value
Ox4 PIO1_6. (external pin)
0x5 PIO1_7. (external pin)
0x6 PIO1_12. (external pin)
0x7 P101_13. (external pin)
0x8 SCT1_OUT4. (large SCT1 output 4)
0x9 SCT2_OUT4. (small SCT2 output 4)
OxA SCT2_OUTS5. (small SCT2 output 5)
0xB ADCO_THCMP_IRQ. (ADCO threshold compare
interrupt)
0xC ADC1_THCMP_IRQ
0xD ACMPO_OUT. (One output from each analog comparator)
OxE ACMP1_OUT
OxF ACMP2_OUT

0x10 ACMP3_OUT

0x11 SCTIPU_ABORT
0x12 SCTIPU_SAMPLEQ
0x13 SCTIPU_SAMPLE1
0x14 SCTIPU_SAMPLE2
0x15 SCTIPU_SAMPLE3

0x16 DEBUG_HALTED. (from ARM Cortex CoreSight
Debugger)

315 - Reserved. -

SCT1 Input mux registers 0to 6

With the SCT1 Input mux registers you can select one input source for each SCT1 input
from 23 external and internal sources. (An exception is SCT1 input SCT1_IN7 which is
connected to the SCT PLL clock and not multiplexed with any other signals.)

The output of SCT1 Input mux register 0 selects the source for SCT1 input 0, the output
of SCT1 Input mux register 1 selects the source for SCT1 input 1, and so forth up to SCT1
Input mux register 6, which selects the input for SCT1 input 6.

The value to be programmed in this register is the Input mux input number ranging from 0
for pin P1IO0_15 to 22 for the DEBUG_HALTED signal from the ARM CoreSight debug
signal.

Inputs 0 to 7 are directly connected to specific external pins as indicated in the register
description table. The same pins can also be connected through the switch matrix as
inputs to another peripheral.

See Section 15.3.1 “SCT inputs and outputs” for details.
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Table 128. SCT1 Input mux registers 0 to 6 (SCT1_INMUX[0:6], address 0x4007 4020
(SCT1_INMUXO0) to 0x4001 4038 (SCT1_INMUX®6)) bit description

Bit Symbol  Value Description Reset
value
4:0 INP_N Input number (decimal value) to SCT1 inputs O to 6. Ox1F

0x0 PIO0_15. (external pin)

0x1 P100_16. (external pin)

0x2 PIO0_21. (external pin)

0x3 P100_31. (external pin)

Ox4 PIO1_4 (external pin)

0x5 P1O1_5. (external pin)

0x6 PIO1_15. (external pin)

0x7 PIO1_16. (external pin)

0x8 SCTO_OUT4 (large SCTO output 4)
0x9 SCT3_0OUT4 (small SCT3 output 4)
OxA  SCT3_OUTS5 (small SCT3 output 5)

0xB  ADCO_THCMP_IRQ. (ADCO threshold compare
interrupt)

0XC  ADC1_THCMP_IRQ

0xD  ACMPQ_OUT. (One output from each analog comparator)
OxE  ACMP1_OUT

OxF ACMP2_OUT

0x10 ACMP3_OUT

0x11 SCTIPU_ABORT

0x12 SCTIPU_SAMPLEO

0x13 SCTIPU_SAMPLE1l

0x14 SCTIPU_SAMPLE2

0x15 SCTIPU_SAMPLES

0x16 DEBUG_HALTED. (from ARM Cortex CoreSight
Debugger)

315 - Reserved. -

SCT2 Input mux registers 0 to 2

With the SCT2 Input mux registers you can select one input source for each SCT2 input
from 21 external and internal sources.

The output of SCT2 Input mux register 0 selects the source for SCT2 input 0, the output
of SCT2 Input mux register 1 selects the source for SCT2 input 1, and SCT2 Input mux
register 2, selects the input for SCT2 input 2.

The value to be programmed in this register is the Input mux input number ranging from 0
for pin PIO0_4 to 20 for the DEBUG_HALTED signal from the ARM CoreSight debug
signal.

Inputs 0 to 3 are directly connected to specific external pins as indicated in the register
description table. The same pins can also be connected through the switch matrix as
inputs to another peripheral.
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See Section 16.3.1 “SCT inputs and outputs” for details.

Table 129. SCT2 Input mux registers 0 to 2 (SCT2_INMUX[0:2], address 0x4001 4040
(SCT2_INMUXO) to 0x4001 4048 (SCT2_INMUX2)) bit description

Bit Symbol  Value Description Reset
value

4:0 INP_N Input number (decimal value) to SCT2 inputs 0 to 2. Ox1F

0x0 PI10O0_4. (external pin)

0ox1 P100_27. (external pin)

0x2 P1O1_18. (external pin)

0x3 P10O1_19. (external pin)

0x4 SCT0_OUT4

0x5 SCTO_OUT5

0x6 SCTO_OUT7

0ox7 SCTO_OUTS8

0x8 ADCO_THCMP_IRQ

0x9 ADC1_THCMP_IRQ

OxA ACMPO_OUT (One output from each analog

comparator)

0xB ACMP1_OUT

0xC ACMP2_OUT

0xD ACMP3_OUT

OxE SCTIPU_ABORT

OxF SCTIPU_SAMPLEOQ

0x10 SCTIPU_SAMPLE1

0x11 SCTIPU_SAMPLE2

0x12 SCTIPU_SAMPLE3

0x13 USB_FRAME_TOGGLE

0x14 DEBUG_HALTED
315 - Reserved. -

9.6.4 SCT3 Input mux registers 0to 2

With the SCT3 Input mux registers you can select one input source for each SCT3 input
from 21 external and internal sources.

The output of SCT3 Input mux register 0 selects the source for SCT3 input 0, the output
of SCT3 Input mux register 1 selects the source for SCT3 input 1, and SCT3 Input mux
register 2, selects the input for SCT3 input 2.

The value to be programmed in this register is the Input mux input number ranging from 0
for pin P10O0_7 to 20 for the DEBUG_HALTED signal from the ARM CoreSight debug
signal.

Inputs 0 to 3 are directly connected to specific external pins as indicated in the register
description table. The same pins can also be connected through the switch matrix as
inputs to another peripheral.

See Section 16.3.1 “SCT inputs and outputs” for details.
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Table 130. SCT3 Input mux registers 0 to 2 (SCT3_INMUX[0:2], address 0x4001 4060
(SCT3_INMUXO0) to 0x4001 4068 (SCT3_INMUX2)) bit description

Bit Symbol  Value Description Reset
value
4:0 INP_N Input number (decimal value) to SCT3 inputs 0 to 2. Ox1F
0x0 PIO0_7. (external pin)
0x1 P101_11. (external pin)
0x2 PIO1_21. (external pin)
0x3 P101_22. (external pin)
0x4 SCT1_OuUT4
0x5 SCT1_OuUT5
0x6 SCT1_OuUT7
0ox7 SCT1_OuUTs8
0x8 ADCO_THCMP_IRQ
0x9 ADC1_THCMP_IRQ
OxA ACMPO_OUT
0xB ACMP1_OUT
0xC ACMP2_OUT
0xD ACMP3_OUT
OxE SCTIPU_ABORT3
OxF SCTIPU_SAMPLEO
0x10 SCTIPU_SAMPLE1
0x11 SCTIPU_SAMPLE2
0x12 SCTIPU_SAMPLE3
0x13 USB_FRAME_TOGGLE
0x14 DEBUG_HALTED
315 - Reserved. -

Pin interrupt select registers

Each of these 8 registers selects one pin from all digital pins on GPIO ports 0 and 1 as the
source of a pin interrupt or as the input to the pattern match engine. To select a pin for any
of the eight pin interrupts or pattern match engine inputs, write the GPIO port pin number
as 0 to 31 for pins PIO0_0 to PIO0_31 to the INTPIN bits. Port 1 pins correspond to pin
numbers 32 to 63. For example, setting INTPIN to 0x5 in PINTSELO selects pin PIO0_5
for pin interrupt 0.

Remark: The GPIO port pin number serves to identify the pin to the PINTSEL register.
Any digital function, including GPIO, can be assigned to this pin through the switch matrix.

Each of the 8 pin interrupts must be enabled in the NVIC using interrupt slots # 7 to 14
(see Table 2).

To use the selected pins for pin interrupts or the pattern match engine, see Section 12.5.2
“Pattern match engine”.
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Table 131. Pin interrupt select registers (PINTSEL[0:7], address 0x4001 40CO (PINTSELDO) to
0x4001 40DC (PINTSEL7)) bit description

Bit Symbol Description Reset
value
7.0 INTPIN Pin number select for pin interrupt or pattern match engine input. OX7F
(PIO0_0 to PIO1_31 correspond to numbers 0 to 63).
318 - Reserved -

DMA input trigger input mux registers 0to 17

With the DMA input trigger input mux registers you can select one trigger input for each of
the 18 DMA channels from 20 internal sources.

By default, none of the triggers are selected.

Table 132. DMA input trigger Input mux registers 0to 17 (DMA_ITRIG_INMUX][0:17], address
0x4001 40E0 (DMA_ITRIG_INMUXO) to 0x4001 4124 (DMA_ITRIG_INMUX17)) bit

description
Bit Symbol  Value Description Reset
value
4:0 INP Trigger input number (decimal value) for DMA channel Ox1F
n(n=0to 17).

0x0 ADCO_SEQA_IRQ

0ox1 ADCO_SEQB_IRQ

0x2 ADC1_SEQA_IRQ

0x3 ADC1_SEQB_IRQ

0x4 SCTO_DMAO

0x5 SCTO_DMA1

0x6 SCT1_DMAO

0ox7 SCT1_DMA1l

0x8 SCT2_DMAO

0x9 SCT2_DMA1

OxA SCT3_DMAO

0xB SCT3_DMA1

0xC ACMPO_OUT. (One output from each analog

comparator)

0xD ACMP1_OUT

OxE ACMP2_OUT

OxF ACMP3_OUT

0x10 DMA trigger mux 0. (DMA_INMUX_INMUXO).

0x11 DMA trigger mux 1. (DMA_INMUX_INMUX1)

0x12 DMA trigger mux 2. (DMA_INMUX_INMUX2).

0x13 DMA trigger mux 3. (DMA_INMUX_INMUX3).
315 - Reserved. -
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DMA trigger input mux input mux registers 0to 3

This register provides a multiplexer for inputs 16 to 19 of each DMA trigger input mux
register DMA_ITRIG_INMUX. These inputs can be selected from the 18 trigger outputs
generated by the DMA (one trigger output per channel).

By default, none of the triggers are selected.

Table 133. DMA input trigger input mux input mux registers 0 to 3 (DMA_INMUX_INMUX[0:3],
address 0x4001 4140 (DMA_INMUX_INMUXO0) to 0x4001 414C
(DMA_INMUX_INMUX3)) bit description

Bit Symbol Description Reset value

4:0 INP DMA trigger output number (decimal value) for DMA Ox1F
channel n (n =0 to 17).

315 - Reserved. -

Frequency measure function reference clock select register

This register selects a clock for the reference clock of the frequency measure function.

By default, no clock is selected.

Table 134. Frequency measure function frequency clock select register (FREQMEAS_REF,
address 0x4001 4160) bit description

Bit Symbol  Value Description Reset
value
3:0 CLKIN Clock source number (decimal value) for frequency OxF
measure function target clock.

0x0 System oscillator (MAIN_OSC)

0x1 IRC

0x2 WDOSC

0x3 32KHZOSC

0x4 USB_FTOGGLE

0x5 PIO0_5. (external pin)

0x6 PIO0_19. (external pin)

0x7 P100_30. (external pin)

0x8 PIO1_27. (external pin)
314 - Reserved. -

Frequency measure function target clock select register

This register selects a clock for the target clock of the frequency measure function.

By default, no clock is selected.
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Table 135. Frequency measure function target clock select register (FREQMEAS_TARGET,
address 0x4001 4164) bit description

Bit Symbol  Value Description Reset
value
3:0 CLKIN Clock source number (decimal value) for frequency  OxF
measure function target clock.

0x0 System oscillator (MAIN_OSC)

0ox1 IRC

0x2 WDOSC

0x3 32KHZOSC

0x4 USB_FTOGGLE

0x5 PIO0_5. (external pin)

0x6 PIO0_19. (external pin)

0x7 P100_30. (external pin)

0x8 PIO1_27. (external pin)
314 - Reserved. -

UM10736 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.

User manual Rev. 1.1 — 3 March 2014 152 of 759




UM10736

Chapter 10: LPC15xx General Purpose I/0O (GPIO)
Rev. 1.1 — 3 March 2014 User manual

10.1 How to read this chapter

All GPIO registers refer to 32 pins on each port. Depending on the package type, not all
pins are available, and the corresponding bits in the GPIO registers are reserved (see
Table 136).

Table 136. GPIO pins available

Package GPIO Port 0 GPIO Port 1 GPIO Port 2
LQFP48 P1IO0_0Oto PIOO_29 - -

LQFP64 PIO0_0to PIO0_31 PIO1 OtoPIO1 11 -

LQFP100 PIO0_0Oto PIOO_31 PIO1_0to PIO1_31 P102_0to PIO2_11

10.2 Basic configuration

10.3 Features

For the GPIO port registers, enable the clock to each GPIO port in the
SYSAHBCLKCTRLO register (Table 50, bit 14 to 16).

* GPIO pins can be configured as input or output by software.
¢ All GPIO pins default to inputs with interrupt disabled at reset.
* Pin registers allow pins to be sensed and set individually.

10.4 General description

The GPIO pins can be used in several ways to set pins as inputs or outputs and use the
inputs as combinations of level and edge sensitive interrupts.

The GPIOs can be used as external interrupts together with the pin interrupt and group
interrupt blocks, see Section 12.2 and Section 11.2.

The GPIO port registers configure each GPIO pin as input or output and read the state of
each pin if the pin is configured as input or set the state of each pin if the pin is configured
as output.

10.5 Register description

UM10736

Note: In all GPIO registers, bits that are not shown are reserved.
GPIO port addresses can be read and written as bytes, halfwords, or words.

Remark: ext in this table and subsequent tables indicates that the data read after reset
depends on the state of the pin, which in turn may depend on an external source.
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Table 137. Register overview: GPIO port (base address 0x1C00 0000)

Name

BO to B31

B32 to B63
B64 to B75
WO to W31
W32 to W63
W64 to W75
DIRO

DIR1

DIR2
MASKO
MASK1
MASK?2
PINO

PIN1

PIN2

MPINO
MPIN1
MPIN2
SETO

SET1

SET2

CLRO
CLR1
CLR2
NOTO
NOT1
NOT2

UM10736

Access Address
offset

R/W 0x0000 to 0x001F
R/W 0x0020 to 0x003F
R/W 0x0040 to 0x004B
R/W 0x1000 to 0x107C
R/W 0x1080 to 0x10FC
R/W 0x1100 to 0x112C
R/W 0x2000
R/W 0x2004
R/W 0x2008
R/W 0x2080
R/W 0x2084
R/W 0x2088
R/W 0x2100
R/W 0x2104
R/W 0x2108
R/W 0x2180
R/W 0x2184
R/W 0x2188
R/W 0x2200
R/W 0x2204
R/W 0x2208
WO 0x2280
woO 0x2284
WO 0x2288
woO 0x2300
WO 0x2304
woO 0x2308

Description

Byte pin registers port 0; pins

PIO0_0 to PIOO_31

Byte pin registers port 1
Byte pin registers port 2
Word pin registers port 0
Word pin registers port 1
Word pin registers port 2
Direction registers port 0
Direction registers port 1
Direction registers port 2
Mask register port 0

Mask register port 1

Mask register port 2

Port pin register port 0
Port pin register port 1
Port pin register port 2
Masked port register port 0
Masked port register port 1
Masked port register port 2

Write: Set register for port O
Read: output bits for port 0

Write: Set register for port 1
Read: output bits for port 1

Write: Set register for port 2
Read: output bits for port 2

Clear port 0
Clear port 1
Clear port 2
Toggle port 0
Toggle port 1
Toggle port 2

10.5.1 GPIO port byte pin registers

Reset
value

ext

ext
ext
ext
ext

ext

o O O o o o

ext
ext
ext
ext
ext

ext

NA
NA
NA
NA
NA
NA

Width

byte (8 bit)

byte (8 bit)

byte (8 bit)

word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)

word (32 bit)

word (32 bit)

word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)
word (32 bit)

Reference
Table 138

Table 138
Table 138
Table 139
Table 139
Table 139
Table 140
Table 140
Table 140
Table 141
Table 141
Table 141
Table 142
Table 142
Table 142
Table 143
Table 143
Table 143
Table 144

Table 144
Table 144

Table 145
Table 145
Table 145
Table 146
Table 146
Table 146

Each GPIO pin has a byte register in this address range. Software typically reads and
writes bytes to access individual pins, but can read or write halfwords to sense or set the
state of two pins, and read or write words to sense or set the state of four pins.
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Table 138. GPIO port byte pin registers (B[0:B75], addresses 0x1C00 0000 (B0O) to 0x1C00
004B (B75)) bit description

Bit Symbol Description Reset Access
value
0 PBYTE Read: state of the pin PIOm_n, regardless of direction, ext R/W

masking, or alternate function, except that pins configured as
analog I/O always read as 0. One register for each port pin:
m =port0to 2; n=pin 0to 31 for port 0 and 1 and pin O to 11
for port 2.

Write: loads the pin’s output bit.

7:1 Reserved (0 on read, ignored on write) 0 -

GPIO port word pin registers

Each GPIO pin has a word register in this address range. Any byte, halfword, or word read
in this range will be all zeros if the pin is low or all ones if the pin is high, regardless of
direction, masking, or alternate function, except that pins configured as analog I/O always
read as zeros. Any write will clear the pin’s output bit if the value written is all zeros, else it
will set the pin’s output bit.

Table 139. GPIO port word pin registers (W[0:75], addresses 0x1C00 1000 (WO0) to 0x1C00
112C (W75)) bit description

Bit Symbol Description Reset Access
value
31:0 PWORD Read 0: pin PIOm_nis LOW. ext R/W

Write O: clear output bit.

Read OxFFFF FFFF: pin PIOm_n is HIGH.

Write any value 0x0000 0001 to OxFFFF FFFF: set output
bit.

Remark: Only 0 or OXFFFF FFFF can be read. Writing any
value other than 0 will set the output bit.

One register for each port pin: m = port 0 to 2; n = pin 0 to 31
for port 0 and 1 and pin 0 to 11 for port2.

GPIO port direction registers

Each GPIO port has one direction register for configuring the port pins as inputs or
outputs.

Table 140. GPIO direction port register (DIR[0:2], address 0x1C00 2000 (DIR0) to 0x1C00
2008 (DIR2)) bit description

Bit Symbol  Description Reset Access
value
31:0 DIRP Selects pin direction for pin PIOm_n (bit 0 = PIOm_0, bit1= 0 R/W

PIOm_1, ..., bit 31 = PIOm_31). m = port 0 to 2; n = pin 0 to
31 for port 0 and 1 and pin 0 to 11 for port2.

0 = input.

1 = output.
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GPIO port mask registers

These registers affect writing and reading the MPORT registers. Zeroes in these registers
enable reading and writing; ones disable writing and result in zeros in corresponding
positions when reading.

Table 141. GPIO mask port register (MASK[0:2], address 0x1C00 2080 (MASKO0) to 0x1C00
2088 (MASK?2)) bit description

Bit Symbol Description Reset Access
value
31:0 MASKP Controls which bits corresponding to PIOm_n are active inthe 0 R/W

MPORT register (bit 0 = PIOm_0, bit 1 = PIOm_1, ..., bit 31 =
PIOmM_31). m = port 0 to 2; n = pin 0 to 31 for port 0 and 1 and
pin O to 11 for port2.

0 = Read MPORT: pin state; write MPORT: load output bit.

1 = Read MPORT: 0; write MPORT: output bit not affected.

GPIO port pin registers

Reading these registers returns the current state of the pins read, regardless of direction,
masking, or alternate functions, except that pins configured as analog I/O always read as
0s. Writing these registers loads the output bits of the pins written to, regardless of the
Mask register.

Table 142. GPIO port pin register (PIN[0:2], address 0x1C00 2100 (PINO) to 0x1C00 2108
(PIN2) ) bit description

Bit Symbol Description Reset Access
value

31:0 PORT Reads pin states or loads output bits (bit 0 = PIOm_0, bit 1 = ext R/W
PIOm_1, ..., bit 31 = PIOmM_31). m = port 0 to 2; n = pin 0 to
31 for port 0 and 1 and pin 0 to 11 for port2.
0 = Read: pin is low; write: clear output bit.
1 = Read: pin is high; write: set output bit.

GPIO masked port pin registers

These registers are similar to the PORT registers, except that the value read is masked by
ANDing with the inverted contents of the corresponding MASK register, and writing to one
of these registers only affects output register bits that are enabled by zeros in the
corresponding MASK register

Table 143. GPIO masked port pin register (MPIN[0:2], address 0x1C00 2180 (MPINO) to
0x1C00 2188 (MPIN2) ) bit description

Bit Symbol Description Reset Access
value
31:.0 MPORTP Masked port register (bit 0 = PIOm_0, bit 1 =PIOm_1, ..., ext R/W

bit 31 = PIOm_31). m = port 0 to 2; n = pin 0 to 31 for port
0 and 1 and pin 0 to 11 for port2.

0 = Read: pin is LOW and/or the corresponding bit in the
MASK register is 1; write: clear output bit if the
corresponding bit in the MASK register is 0.

1 = Read: pin is HIGH and the corresponding bit in the
MASK register is O; write: set output bit if the
corresponding bit in the MASK register is 0.
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GPIO port set registers

Output bits can be set by writing ones to these registers, regardless of MASK registers.
Reading from these register returns the port’s output bits, regardless of pin directions.

Table 144. GPIO set port register (SET[0:2], address 0x1C00 2200 (SETO0) to 0x1C00 2208
(SET2) ) bit description

Bit Symbol Description Reset Access
value
31.0 SETP Read or set output bits. 0 R/W

0 = Read: output bit: write: no operation.
1 = Read: output bit; write: set output bit.

GPIO port clear registers

Output bits can be cleared by writing ones to these write-only registers, regardless of
MASK registers.

Table 145. GPIO clear port register (CLR[0:2], 0x1C00 2280 (CLRO0) to 0x1C00 2288 (CLR2))
bit description

Bit Symbol Description Reset Access
value
31:.0 CLRP Clear output bits: NA WO

0 = No operation.
1 = Clear output bit.

GPIO port toggle registers

Output bits can be toggled/inverted/complemented by writing ones to these write-only
registers, regardless of MASK registers.

Table 146. GPIO toggle port register (NOT[0:2], address 0x1C00 2300 (NOTO0) to O0x1C00 2308
(NOT2)) bit description

Bit Symbol Description Reset Access
value
31:0 NOTP  Toggle output bits: NA WO

0 = no operation.
1 = Toggle output bit.

10.6 Functional description

10.6.1

UM10736

Reading pin state

Software can read the state of all GPIO pins except those selected for analog input or
output in the “I/O Configuration” logic. A pin does not have to be selected for GPIO in “l/O
Configuration” in order to read its state. There are four ways to read pin state:

* The state of a single pin can be read with 7 high-order zeros from a Byte Pin register.

* The state of a single pin can be read in all bits of a byte, halfword, or word from a
Word Pin register.

* The state of multiple pins in a port can be read as a byte, halfword, or word from a
PORT register.
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* The state of a selected subset of the pins in a port can be read from a Masked Port
(MPORT) register. Pins having a 1 in the port's Mask register will read as 0 from its
MPORT register.

GPIO output

Each GPIO pin has an output bit in the GPIO block. These output bits are the targets of
write operations to the pins. Two conditions must be met in order for a pin’s output bit to
be driven onto the pin:

1. The pin must be selected for GPIO operation in the switch matrix (this is the default),
and

2. the pin must be selected for output by a 1 in its port’s DIR register.
If either or both of these conditions is (are) not met, writing to the pin has no effect.
There are seven ways to change GPIO output bits:

* Writing to a Byte Pin register loads the output bit from the least significant bit.

¢ Writing to a Word Pin register loads the output bit with the OR of all of the bits written.
(This feature follows the definition of truth of a multi-bit value in programming
languages.)

¢ Writing to a port's PORT register loads the output bits of all the pins written to.

* Writing to a port's MPORT register loads the output bits of pins identified by zeros in
corresponding positions of the port's MASK register.

* Writing ones to a port's SET register sets output bits.
* Writing ones to a port's CLR register clears output bits.
¢ Writing ones to a port's NOT register toggles/complements/inverts output bits.

The state of a port’s output bits can be read from its SET register. Reading any of the
registers described in 10.6.1 returns the state of pins, regardless of their direction or
alternate functions.

Masked 1/O

A port's MASK register defines which of its pins should be accessible in its MPORT
register. Zeroes in MASK enable the corresponding pins to be read from and written to
MPORT. Ones in MASK force a pin to read as 0 and its output bit to be unaffected by
writes to MPORT. When a port's MASK register contains all zeros, its PORT and MPORT
registers operate identically for reading and writing.

Applications in which interrupts can result in Masked GPIO operation, or in task switching
among tasks that do Masked GPIO operation, must treat code that uses the Mask register
as a protected/restricted region. This can be done by interrupt disabling or by using a
semaphore.

The simpler way to protect a block of code that uses a MASK register is to disable
interrupts before setting the MASK register, and re-enable them after the last operation
that uses the MPORT or MASK register.
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More efficiently, software can dedicate a semaphore to the MASK registers, and
set/capture the semaphore controlling exclusive use of the MASK registers before setting
the MASK registers, and release the semaphore after the last operation that uses the
MPORT or MASK registers.

Recommended practices

The following lists some recommended uses for using the GPIO port registers:

For initial setup after Reset or re-initialization, write the PORT registers.
To change the state of one pin, write a Byte Pin or Word Pin register.
To change the state of multiple pins at a time, write the SET and/or CLR registers.

To change the state of multiple pins in a tightly controlled environment like a software
state machine, consider using the NOT register. This can require less write operations
than SET and CLR.

To read the state of one pin, read a Byte Pin or Word Pin register.
To make a decision based on multiple pins, read and mask a PORT register.
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11.1 How to read this chapter

11.2 Features

* The inputs from any number of digital pins can be enabled to contribute to a combined
group interrupt.

* The polarity of each input enabled for the group interrupt can be configured HIGH or
LOW.

* Enabled interrupts can be logically combined through an OR or AND operation.
¢ Two group interrupts are supported to reflect two distinct interrupt patterns.

* The grouped interrupts can wake up the part from sleep, deep-sleep or power-down
modes.

11.3 Basic configuration

For the group interrupt feature, enable the clock to both the GROUPO and GROUP1
register interfaces in the SYSAHBCLKCTRLO register ((Table 50, bit 19). The group
interrupt wake-up feature is enabled in the STARTERPO register (Table 76).

The GINT block reads the input from the pin directly bypassing the switch matrix.

Make sure that no analog function is selected on pins that are input to the group
interrupts. Selecting an analog function in the switch matrix PINENABLE registers
disables the digital pad and the digital signal is tied to O.

11.4 General description

UM10736

The GPIO pins can be used in several ways to set pins as inputs or outputs and use the
inputs as combinations of level and edge sensitive interrupts.

For each port/pin connected to one of the two the GPIO Grouped Interrupt blocks
(GROUPO and GROUP1), the GPIO grouped interrupt registers determine which pins are
enabled to generate interrupts and what the active polarities of each of those inputs are.

The GPIO grouped interrupt registers also select whether the interrupt output will be level
or edge triggered and whether it will be based on the OR or the AND of all of the enabled
inputs.

When the designated pattern is detected on the selected input pins, the GPIO grouped
interrupt block generates an interrupt. If the part is in a power-savings mode, it | first
asynchronously wakes the part up prior to asserting the interrupt request. The interrupt
request line can be cleared by writing a one to the interrupt status bit in the control
register.
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11.5.1

11.5.2

Note: In all registers, bits that are not shown are reserved.

Table 147. Register overview: GROUPO interrupt (base address 0x400A 8000 (GINTO) and

0x400A C000 (GINT1))

Name

CTRL

PORT_POLO

PORT_POL1

PORT_POL2

PORT_ENAO

PORT_ENA1

PORT_ENA2

Access Address Description

R/W

R/W

R/W

R/W

R/W

R/W

R/W

offset
0x000

0x020

0x024

0x028

0x040

0x044

0x048

GPIO grouped interrupt control
register

GPIO grouped interrupt port O polarity
register

GPIO grouped interrupt port 1 polarity
register
GPIO grouped interrupt port 2 polarity
register
GPIO grouped interrupt port O enable
register
GPIO grouped interrupt port 1 enable
register

GPIO grouped interrupt port 2 enable
register

Reset
value

0

OXFFFF
FFFF

OXFFFF
FFFF

OXFFFF
FFFF

0

Reference
Table 148
Table 149
Table 149
Table 149
Table 150
Table 150

Table 150

Grouped interrupt control register

Table 148. GPIO grouped interrupt control register (CTRL, addresses 0x400A 8000 (GINTO)
and 0x400A CO000 (GINT1)) bit description

Bit
0

313

Symbol

INT

COMB

TRIG

Group interrupt status. This bit is cleared by writinga 0

Value Description

one to it. Writing zero has no effect.

No interrupt request is pending.

Interrupt request is active.

Combine enabled inputs for group interrupt

OR functionality: A grouped interrupt is generated
when any one of the enabled inputs is active (based
on its programmed polarity).

AND functionality: An interrupt is generated when all
enabled bits are active (based on their programmed

polarity).
Group interrupt trigger

Edge-triggered

Level-triggered

Reserved

Reset value

GPIO grouped interrupt port polarity registers

The grouped interrupt port polarity registers determine how the polarity of each enabled
pin contributes to the grouped interrupt. Each port is associated with its own port polarity
register, and the values of both registers together determine the grouped interrupt.
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Each register PORT_POLm controls the polarity of pins in port m.

Table 149. GPIO grouped interrupt port polarity registers (PORT_POL[0:2], addresses
0x400A 8020 (PORT_POLO) to 0x400A 8028 (PORT_POL?2) (GINTO) and 0x400A
€020 (PORT_POLO) to 0x400A C028 (PORT_POL?2) (GINT1)) bit description

Bit Symbol Description Reset Access
value

31:.0 POL Configure pin polarity of port m pins for group interrupt. Bitn 1 -
corresponds to pin PIOm_n of port m.
0 = the pin is active LOW. If the level on this pin is LOW, the
pin contributes to the group interrupt.
1 =the pin is active HIGH. If the level on this pin is HIGH, the
pin contributes to the group interrupt.

GPIO grouped interrupt port enable registers

The grouped interrupt port enable registers enable the pins which contribute to the
grouped interrupt. Each port is associated with its own port enable register, and the values
of both registers together determine which pins contribute to the grouped interrupt.

Each register PORT_ENmM enables pins in port m.

Table 150. GPIO grouped interrupt port enable registers (PORT_ENA[0:2], addresses 0x400A
8040 (PORT_ENAOQ) to 0x400A 8048 (PORT_ENA2) (GINTO) and 0x400A C040
(PORT_ENADO) to 0x400A C048 (PORT_ENAZ2) (GINTL)) bit description

Bit Symbol Description Reset Access
value

31:0 ENA Enable port O pin for group interrupt. Bit n corresponds to pin 0 -
Pm_n of port m.
0 = the port 0 pin is disabled and does not contribute to the
grouped interrupt.
1 = the port O pin is enabled and contributes to the grouped
interrupt.

11.6 Functional description

UM10736

Any subset of the pins in each port can be selected to contribute to a common group
interrupt (GINT) and can be enabled to wake the part up from Deep-sleep mode or
Power-down mode.

An interrupt can be requested for each port, based on any selected subset of pins within
each port. The pins that contribute to each port interrupt are selected by 1s in the port’s
Enable register, and an interrupt polarity can be selected for each pin in the port’s Polarity
register. The level on each pin is exclusive-ORed with its polarity bit, and the result is
ANDed with its enable bit. These results are then inclusive-ORed among all the pins in the
port to create the port’s raw interrupt request.

The raw interrupt request from each of the two group interrupts is sent to the NVIC, which
can be programmed to treat it as level- or edge-sensitive, or it can be edge-detected by
the wake-up interrupt logic (see Table 76).
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12.1 How to read this chapter

12.2 Features

The pin interrupt generator and the pattern match engine are available on all LPC15xx

parts.

* Pin interrupts

Up to eight pins can be selected from all GPIO pins on ports 0 and 1 as edge- or
level-sensitive interrupt requests. Each request creates a separate interrupt in the
NVIC.

Edge-sensitive interrupt pins can interrupt on rising or falling edges or both.

Level-sensitive interrupt pins can be HIGH- or LOW-active.

¢ Pattern match engine

Up to 8 pins can be selected from all digital pins on ports 0 and 1 to contribute to a
boolean expression. The boolean expression consists of specified levels and/or
transitions on various combinations of these pins.

Each bit slice minterm (product term) comprising the specified boolean expression
can generate its own, dedicated interrupt request.

Any occurrence of a pattern match can be programmed to also generate an RXEV
notification to the ARM CPU. The RXEYV signal can be connected to a pin.

Pattern match can be used, in conjunction with software, to create complex state
machines based on pin inputs.

12.3 Basic configuration

UM10736

* Pin interrupts:

Select up to eight external interrupt pins from all digital port pins on ports 0 and 1 in
the INMUX block (Table 131). The pin selection process is the same for pin
interrupts and the pattern match engine. The two features are mutually exclusive.

Enable the clock to the pin interrupt register block in the SYSAHBCLKCTRLO
register (Table 50, bit 18).

If you want to use the pin interrupts to wake up the part from deep-sleep mode or
power-down mode, enable the pin interrupt wake-up feature in the STARTERPO
register (Table 76).

Each selected pin interrupt is assigned to one interrupt in the NVIC (interrupts #7 to
#14 for pin interrupts 0 to 7).

¢ Pattern match engine:

Select up to eight external pins from all digital port pins on ports 0 and 1 in the
Input mux block (Table 131). The pin selection process is the same for pin
interrupts and the pattern match engine. The two features are mutually exclusive.
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— Enable the clock to the pin interrupt register block in the SYSAHBCLKCTRL
register (Table 50, bit 18).

— Each bit slice of the pattern match engine is assigned to one interrupt in the NVIC
(interrupts #7 to #14 for pin interrupts 0 to 7).

— The combined interrupt from all slices or slice combinations can be connected to
the ARM RXEV request and to pin function GPIO_INT_BMAT through the switch matrix
movable function register (PINASSIGN15, Table 122).

Configure pins as pin interrupts or as inputs to the pattern match
engine
Follow these steps to configure pins as pin interrupts:
1. Determine the pins that serve as pin interrupts on the LPC15xx package. See the data
sheet for determining the GPIO port pin humber associated with the package pin.

2. For each pin interrupt, program the GPIO port pin number from ports 0 and 1 into one
of the eight PINTSEL registers in the Input mux block.

Remark: The port pin number serves to identify the pin to the PINTSEL register. Any
function, including GPIO, can be assigned to this pin through the switch matrix.

3. Enable each pin interrupt in the NVIC.

Once the pin interrupts or pattern match inputs are configured, you can set up the pin
interrupt detection levels or the pattern match boolean expression.

See Section 9.6.5 “Pin interrupt select registers” in the Input mux block for the PINTSEL
registers.

Remark: The inputs to the Pin interrupt select registers bypass the switch matrix. They do
not have to be selected as GPIO in the switch matrix. Make sure that no analog function is
selected on pins that are input to the PINSELECT registers.

12.4 Pin description

The inputs to the pin interrupt and pattern match engine are determined by the pin
interrupt select registers in the Input mux. See Section 9.6.5 “Pin interrupt select

registers”.

The pattern match engine output is assigned to an external pin through the switch matrix.

See Section 8.3.1 “Connect an internal signal to a package pin” for the steps that you
need to follow to assign the GPIO pattern match function to a pin on the LPC15xx
package.

Table 151. GPIO pin interrupt/pattern match pin description

Function Direction Type Connect Use register Reference Description
to

GPIO_INT_BMAT O external any pin  PINASSIGN15 Table 122  GPIO pattern match output

to pin
8 pin interrupts external any pin  PINSEL[0:7] Table 131  External pin interrupts

to pin
UM10736 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.
User manual Rev. 1.1 — 3 March 2014 164 of 759



NXP Semiconductors UM10736

Chapter 12: LPC15xx Pin interrupt and pattern match (PINT)

12.5 General description
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12.5.1

Pins with configurable functions can serve as external interrupts or inputs to the pattern
match engine. You can configure up to eight pins total using the PINTSEL registers in the
Input mux block for these features.

Pin interrupts

From all available GPIO pins, up to eight pins can be selected in the system control block
to serve as external interrupt pins (see Table 131). The external interrupt pins are
connected to eight individual interrupts in the NVIC and are created based on rising or
falling edges or on the input level on the pin.

INPUT MUX

EDGE/LEVEL

all pins PIO[0:1]_m 1
DETECT LOGIC

—> NVIC pin interrupt 0

\_/

PINTSEL

o
.

EDGE/LEVEL
DETECT LOGIC

all pins PIO[0:1]_m i —> NVIC pin interrupt 7

PINTSEL7

Fig 16. Pin interrupt connections

12.5.2 Pattern match engine

The pattern match feature allows complex boolean expressions to be constructed from
the same set of eight GPIO pins that were selected for the GPIO pin interrupts. Each term
in the boolean expression is implemented as one slice of the pattern match engine. A slice
consists of an input selector and a detect logic that monitors the selected input
continuously and creates a HIGH output if the input qualifies as detected, that is as true.
Several terms can be combined to a minterm and a pin interrupt is asserted when the
minterm evaluates as true.

The detect logic of each slice can detect the following events on the selected input:

* Edge with memory (sticky): A rising edge, a falling edge, or a rising or falling edge that
is detected at any time after the edge-detection mechanism has been cleared. The
input qualifies as detected (the detect logic output remains HIGH) until the pattern
match engine detect logic is cleared again.
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¢ Event (non-sticky): Every time an edge (rising or falling) is detected, the detect logic
output for this pin goes HIGH. This bit is cleared after one clock cycle, and the detect
logic can detect another edge,

¢ Level: A HIGH or LOW level on the selected input.
Figure 18 shows the details of the edge detection logic for each slice.

You can combine a sticky event with non-sticky events to create a pin interrupt whenever
a rising or falling edge occurs after a qualifying edge event.

You can create a time window during which rising or falling edges can create a pin
interrupt by combining a level detect with an event detect. See Section 12.7.3 for details.

The connections between the pins and the pattern match engine are shown in Figure 17.
All pins that are inputs to the pattern match engine are selected in the SYSCON block and
can be GPIO port pins or other pin function depending on the switch matrix configuration.
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to IN7
slice n -1 from slice
n-1
to INO (tied HIGH for slice 0)
slicen-1
INPUT MUX
slice n
endpoint
configured?
PMCFG bit n=1
(PROD_ENDPTS)
all pins PIO[0:1]_m i l\| INO -
14
L :
PINTSELO . — NVIC pin interrupt n
: ves |2 DETECT
. o nc LOGIC
° O
™ :
i IN7
all pins PIO[0:1]_m ! I/l o
PINTSEL7 -
slice n+1 endpoint
configured?
PMCFG bit n+1 =1
(PROD_ENDPTS,
INO =1 tied HIGH for slice 7)
+
=
5
e : ﬁ DETECT — NVIC pin interrupt n+1
. | 5 LOGIC
id
IN7 8
=
o
to IN7
slicen +2
to slice
n+2
to INO
slicen +2
See Figure 18 for the detect logic block.
Fig 17. Pattern match engine connections

The pattern match logic continuously monitors the eight inputs and generates interrupts
when any one or more minterms (product terms) of the specified boolean expression is
matched. A separate interrupt request is generated for each individual minterm.

In addition, the pattern match module can be enabled to generate a Receive Event
(RXEV) output to the ARM core when the entire boolean expression is true (i.e. when any
minterm is matched).

The RXEV output is also be routed to GPIO_INT_BMAT pin. This allows the GPIO module
to provide a rudimentary programmable logic capability employing up to eight inputs and
one output.
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The pattern match function utilizes the same eight interrupt request lines as the pin
interrupts so these two features are mutually exclusive as far as interrupt generation is
concerned. A control bit is provided to select whether interrupt requests are generated in
response to the standard pin interrupts or to pattern matches. Note that, if the pin
interrupts are selected, the RXEV request to the CPU can still be enabled for pattern
matches.

Remark: Pattern matching cannot be used to wake the part up from power-down modes.
Pin interrupts must be selected in order to use the GPIO for wake-up.

The pattern match module is constructed of eight bit-slice elements. Each bit slice is
programmed to represent one component of one minterm (product term) within the
boolean expression. The interrupt request associated with the last bit slice for a particular
minterm will be asserted whenever that minterm is matched.

(See bit slice drawing Figure 18).

The pattern match capability can be used to create complex software state machines.
Each minterm (and its corresponding individual interrupt) represents a different transition
event to a new state. Software can then establish the new set of conditions (that is a new
boolean expression) that will cause a transition out of the current state.

INO >—
INT >—
IN2 C>—
IN3 C>—
INd >— MUX _‘
IN5 —>—
IN6 —>—

T o]
From Previous

Rise Detect Slice

IN7 >—

(sticky with synch
clear)

PMCFG
Fall Detect Prod_Endpts(i)

PMSRC
SRC(i)

(sticky with synch
clear)

3 Pattern_Match(i)

Intr_Req(i)
MUX I D—D
4 I

Rise Detect
(non-sticky)

Fig 18. Pattern matc

12.5.2.1
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= 7
L Fall Detect

(non-sticky

To Next Slice

PMCFG
CFG(i)

h bit slice with detect logic

Example

Assume the expression: (INO)~(IN1)(IN3)™ + (IN1)(IN2) + (INO)~(IN3)~(IN4) is specified
through the registers PMSRC (Table 164) and PMCFG (Table 165). Each term in the
boolean expression, (INO), ~(IN1), (IN3)*, etc., represents one bit slice of the pattern
match engine.
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¢ In the first minterm (INO)~(IN1)(IN3)*, bit slice 0 monitors for a high-level on input
(INO), bit slice 1 monitors for a low level on input (IN1) and bit slice 2 monitors for a
rising-edge on input (IN3). If this combination is detected, that is if all three terms are
true, the interrupt associated with bit slice 2 will be asserted.

¢ In the second minterm (IN1)(IN2), bit slice 3 monitors input (IN1) for a high level, bit
slice 4 monitors input (IN2) for a high level. If this combination is detected, the
interrupt associated with bit slice 4 will be asserted.

¢ In the third minterm (INO)~(IN3)~(IN4), bit slice 5 monitors input (INO) for a high level,
bit slice 6 monitors input (IN3) for a low level, and bit slice 7 monitors input (IN4) for a
low level. If this combination is detected, the interrupt associated with bit slice 7 will be
asserted.

* The ORed result of all three minterms asserts the RXEV request to the CPU and the
GPIO_INT_BMAT output. That is, if any of the three terms are true, the output is
asserted.

Related links:

Section 12.7.2

12.6 Register description

Table 152. Register overview: Pin interrupts/pattern match engine (base address: 0x400A

4000)
Name Access Address Description Reset Reference
offset value

ISEL R/W 0x000 Pin Interrupt Mode register 0 Table 153

IENR R/W 0x004 Pin interrupt level or rising edge interrupt 0 Table 154
enable register

SIENR WO 0x008 Pin interrupt level or rising edge interrupt NA Table 155
set register

CIENR WO 0x00C Pin interrupt level (rising edge interrupt) NA Table 156
clear register

IENF R/W 0x010 Pin interrupt active level or falling edge 0 Table 157
interrupt enable register

SIENF WO 0x014 Pin interrupt active level or falling edge NA Table 158
interrupt set register

CIENF WO 0x018 Pin interrupt active level or falling edge NA Table 159
interrupt clear register

RISE R/W 0x01C Pin interrupt rising edge register 0 Table 160

FALL R/W 0x020 Pin interrupt falling edge register 0 Table 161

IST R/W 0x024 Pin interrupt status register 0 Table 162

PMCTRL R/W 0x028 Pattern match interrupt control register 0 Table 163

PMSRC R/W 0x02C Pattern match interrupt bit-slice source 0 Table 164
register

PMCFG R/W 0x030 Pattern match interrupt bit slice 0 Table 165

configuration register
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Pin interrupt mode register

For each of the 8 pin interrupts selected in the PINTSELnN registers (see Table 131), one
bit in the ISEL register determines whether the interrupt is edge or level sensitive.

Table 153. Pin interrupt mode register (ISEL, address 0x400A 4000) bit description

Bit Symbol Description Reset Access
value
7.0 PMODE Selects the interrupt mode for each pin interrupt. Bit n 0 R/W

configures the pin interrupt selected in PINTSELRn.
0 = Edge sensitive
1 = Level sensitive

31.8 - Reserved.

Pin interrupt level or rising edge interrupt enable register
For each of the 8 pin interrupts selected in the PINTSELn registers (see Table 131), one

bit in the IENR register enables the interrupt depending on the pin interrupt mode
configured in the ISEL register:

¢ |f the pin interrupt mode is edge sensitive (PMODE = 0), the rising edge interrupt is
enabled.

¢ If the pin interrupt mode is level sensitive (PMODE = 1), the level interrupt is enabled.
The IENF register configures the active level (HIGH or LOW) for this interrupt.

Table 154. Pin interrupt level or rising edge interrupt enable register (IENR, address 0x400A
4004) bit description

Bit Symbol Description Reset Access
value
7:0 ENRL Enables the rising edge or level interrupt for each pin 0 R/W
interrupt. Bit n configures the pin interrupt selected in
PINTSELN.

0 = Disable rising edge or level interrupt.
1 = Enable rising edge or level interrupt.

31:8 - Reserved. - -

Pin interrupt level or rising edge interrupt set register

For each of the 8 pin interrupts selected in the PINTSELn registers (see Table 131), one
bit in the SIENR register sets the corresponding bit in the IENR register depending on the
pin interrupt mode configured in the ISEL register:

¢ If the pin interrupt mode is edge sensitive (PMODE = 0), the rising edge interrupt is
set.
¢ If the pin interrupt mode is level sensitive (PMODE = 1), the level interrupt is set.
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Table 155. Pin interrupt level or rising edge interrupt set register (SIENR, address 0x400A
4008) bit description

Bit Symbol Description Reset Access
value

7:0 SETENRL Ones written to this address set bits in the IENR, thus NA WO
enabling interrupts. Bit n sets bit n in the IENR register.
0 = No operation.
1 = Enable rising edge or level interrupt.

318 - Reserved. - -

Pin interrupt level or rising edge interrupt clear register

For each of the 8 pin interrupts selected in the PINTSELnN registers (see Table 131), one
bit in the CIENR register clears the corresponding bit in the IENR register depending on
the pin interrupt mode configured in the ISEL register:

¢ If the pin interrupt mode is edge sensitive (PMODE = 0), the rising edge interrupt is
cleared.
¢ If the pin interrupt mode is level sensitive (PMODE = 1), the level interrupt is cleared.

Table 156. Pin interrupt level or rising edge interrupt clear register (CIENR, address 0x400A
400C) bit description

Bit Symbol Description Reset Access
value

7:0 CENRL  Ones written to this address clear bits in the IENR, thus NA WO
disabling the interrupts. Bit n clears bit n in the IENR
register.
0 = No operation.
1 = Disable rising edge or level interrupt.

31:8 - Reserved. - -

Pin interrupt active level or falling edge interrupt enable register

For each of the 8 pin interrupts selected in the PINTSELn registers (see Table 131), one
bit in the IENF register enables the falling edge interrupt or the configures the level
sensitivity depending on the pin interrupt mode configured in the ISEL register:

¢ |f the pin interrupt mode is edge sensitive (PMODE = 0), the falling edge interrupt is
enabled.

¢ If the pin interrupt mode is level sensitive (PMODE = 1), the active level of the level
interrupt (HIGH or LOW) is configured.
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Table 157. Pin interrupt active level or falling edge interrupt enable register (IENF, address
0x400A 4010) bit description

Bit Symbol Description Reset Access
value

7:0 ENAF Enables the falling edge or configures the active level interrupt 0 R/W
for each pin interrupt. Bit n configures the pin interrupt selected
in PINTSELN.
0 = Disable falling edge interrupt or set active interrupt level
LOW.
1 = Enable falling edge interrupt enabled or set active interrupt
level HIGH.

31:8 - Reserved. - -

Pin interrupt active level or falling edge interrupt set register

For each of the 8 pin interrupts selected in the PINTSELn registers (see Table 131), one
bit in the SIENF register sets the corresponding bit in the IENF register depending on the
pin interrupt mode configured in the ISEL register:

¢ If the pin interrupt mode is edge sensitive (PMODE = 0), the falling edge interrupt is
set.

¢ If the pin interrupt mode is level sensitive (PMODE = 1), the HIGH-active interrupt is
selected.

Table 158. Pin interrupt active level or falling edge interrupt set register (SIENF, address
0x400A 4014) bit description

Bit Symbol Description Reset Access
value
7:0 SETENAF Ones written to this address set bits in the IENF, thus NA WO

enabling interrupts. Bit n sets bit n in the IENF register.
0 = No operation.

1 = Select HIGH-active interrupt or enable falling edge
interrupt.

31:8 - Reserved. - -

Pin interrupt active level or falling edge interrupt clear register

For each of the 8 pin interrupts selected in the PINTSELRn registers (see Table 131), one
bit in the CIENF register sets the corresponding bit in the IENF register depending on the
pin interrupt mode configured in the ISEL register:

¢ If the pin interrupt mode is edge sensitive (PMODE = 0), the falling edge interrupt is
cleared.

¢ If the pin interrupt mode is level sensitive (PMODE = 1), the LOW-active interrupt is
selected.
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Table 159. Pin interrupt active level or falling edge interrupt clear register (CIENF, address
0x400A 4018) bit description

Bit Symbol Description Reset Access
value
7:0 CENAF Ones written to this address clears bits in the IENF, thus NA WO

disabling interrupts. Bit n clears bit n in the IENF register.
0 = No operation.

1 = LOW:-active interrupt selected or falling edge interrupt
disabled.

31:.8 - Reserved. - -

Pin interrupt rising edge register

This register contains ones for pin interrupts selected in the PINTSELnN registers (see
Table 131) on which a rising edge has been detected. Writing ones to this register clears
rising edge detection. Ones in this register assert an interrupt request for pins that are
enabled for rising-edge interrupts. All edges are detected for all pins selected by the
PINTSELn registers, regardless of whether they are interrupt-enabled.

Table 160. Pin interrupt rising edge register (RISE, address 0x400A 401C) bit description

Bit Symbol Description Reset Access
value
7.0 RDET Rising edge detect. Bit n detects the rising edge of the pin 0 R/W

selected in PINTSELN.

Read 0: No rising edge has been detected on this pin since
Reset or the last time a one was written to this bit.

Write 0: no operation.

Read 1: a rising edge has been detected since Reset or the
last time a one was written to this bit.

Write 1: clear rising edge detection for this pin.

31:8 - Reserved. - -

Pin interrupt falling edge register

This register contains ones for pin interrupts selected in the PINTSELnN registers (see
Table 131) on which a falling edge has been detected. Writing ones to this register clears
falling edge detection. Ones in this register assert an interrupt request for pins that are
enabled for falling-edge interrupts. All edges are detected for all pins selected by the
PINTSELn registers, regardless of whether they are interrupt-enabled.

Table 161. Pin interrupt falling edge register (FALL, address 0x400A 4020) bit description

Bit Symbol Description Reset Access
value
7:0 FDET  Falling edge detect. Bit n detects the falling edge of the pin 0 R/W

selected in PINTSELnN.

Read 0: No falling edge has been detected on this pin since
Reset or the last time a one was written to this bit.

Write 0: no operation.

Read 1: a falling edge has been detected since Reset or the
last time a one was written to this bit.

Write 1: clear falling edge detection for this pin.

31:8 - Reserved. - -
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12.6.10 Pin interrupt status register
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12.6.11

Reading this register returns ones for pin interrupts that are currently requesting an
interrupt. For pins identified as edge-sensitive in the Interrupt Select register, writing ones
to this register clears both rising- and falling-edge detection for the pin. For level-sensitive
pins, writing ones inverts the corresponding bit in the Active level register, thus switching
the active level on the pin.

Table 162. Pin interrupt status register (IST, address 0x400A 4024) bit description

Bit Symbol Description Reset Access
value
7:0 PSTAT  Pin interrupt status. Bit n returns the status, clears the edge 0 R/W
interrupt, or inverts the active level of the pin selected in
PINTSELn.

Read O: interrupt is not being requested for this interrupt pin.
Write 0: no operation.

Read 1: interrupt is being requested for this interrupt pin.
Write 1 (edge-sensitive): clear rising- and falling-edge
detection for this pin.

Write 1 (level-sensitive): switch the active level for this pin (in
the IENF register).

31:8 - Reserved. - -

Pattern Match Interrupt Control Register

The pattern match control register contains one bit to select pattern-match interrupt
generation (as opposed to pin interrupts which share the same interrupt request lines),
and another to enable the RXEV output to the cpu. This register also allows the current
state of any pattern matches to be read.

If the pattern match feature is not used (either for interrupt generation or for RXEV
assertion) bits SEL_ PMATCH and ENA_RXEV of this register should be left at 0 to
conserve power.

Remark: Set up the pattern-match configuration in the PMSRC and PMCFG registers
before writing to this register to enable (or re-enable) the pattern-match functionality. This
eliminates the possibility of spurious interrupts as the feature is being enabled.

Table 163. Pattern match interrupt control register (PMCTRL, address 0x400A 4028)
bit description

Bit Symbol Value Description Reset
value
0 SEL_PMATCH Specifies whether the 8 pin interrupts are controlled by 0
the pin interrupt function or by the pattern match
function.
0 Pin interrupt. Interrupts are driven in response to the

standard pin interrupt function

1 Pattern match. Interrupts are driven in response to
pattern matches.
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Table 163. Pattern match interrupt control register (PMCTRL, address 0x400A 4028)

bit description

Bit Symbol Value Description Reset
value
1 ENA_RXEV Enables the RXEV output to the ARM cpu and/ortoa 0
GPIO output when the specified boolean expression
evaluates to true.
Disabled. RXEV output to the cpu is disabled.
Enabled. RXEV output to the cpu is enabled.
232 - Reserved. Do not write 1s to unused bits. 0
31:24 PMAT - This field displays the current state of pattern matches. 0x0

A 1 in any bit of this field indicates that the

corresponding product term is matched by the current

state of the appropriate inputs.

Pattern Match Interrupt Bit-Slice Source register

The bit-slice source register specifies the input source for each of the eight pattern match
bit slices.

Each of the possible eight inputs is selected in the pin interrupt select registers, see
Table 131. Input O corresponds to the pin selected in the PINTSELO register, input 1
corresponds to the pin selected in the PINTSEL1 register, and so forth.

Remark: Writing any value to either the PMCFG register or the PMSRC register, or
disabling the pattern-match feature (by clearing both the SEL_PMATCH and ENA_RXEV
bits in the PMCTRL register to zeros) will erase all edge-detect history.

Table 164. Pattern match bit-slice source register (PMSRC, address 0x4008 402C) bit description

Bit Symbol Value  Description Reset value
7:0 Reserved Software should not write 1s to unused bits. 0
10:8 SRCO Selects the input source for bit slice 0 0
0x0 Input 0. Selects the pin selected in the PINTSELO register as the source
to bit slice 0.
0ox1 Input 1. Selects the pin selected in the PINTSEL1 register as the source
to bit slice 0.
0x2 Input 2. Selects the pin selected in the PINTSEL2 register as the source
to bit slice 0.
0x3 Input 3. Selects the pin selected in the PINTSEL3 register as the source
to bit slice 0.
0x4 Input 4. Selects the pin selected in the PINTSEL4 register as the source
to bit slice 0.
0x5 Input 5. Selects the pin selected in the PINTSELS register as the source
to bit slice 0.
0x6 Input 6. Selects the pin selected in the PINTSELSG register as the source
to bit slice 0.
0x7 Input 7. Selects the pin selected in the PINTSEL7 register as the source
to bit slice 0.
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Table 164. Pattern match bit-slice source register (PMSRC, address 0x4008 402C) bit description

Bit Symbol Value  Description Reset value
13:11 SRC1 Selects the input source for bit slice 1 0
0x0 Input 0. Selects pin interrupt input 0 as the source to bit slice 1.
Ox1 Input 0. Selects the pin selected in the PINTSELO register as the source
to bit slice 0.
0x2 Input 1. Selects the pin selected in the PINTSEL1 register as the source
to bit slice 0.
0x3 Input 2. Selects the pin selected in the PINTSEL?2 register as the source
to bit slice 0.
0x4 Input 3. Selects the pin selected in the PINTSEL3 register as the source
to bit slice 0.
0x5 Input 4. Selects the pin selected in the PINTSEL4 register as the source
to bit slice 0.
0x6 Input 5. Selects the pin selected in the PINTSELS5 register as the source
to bit slice 0.
0x7 Input 6. Selects the pin selected in the PINTSELSG register as the source
to bit slice 0.
16:14 SRC2 Selects the input source for bit slice 2 0
0x0 Input 0. Selects the pin selected in the PINTSELO register as the source
to bit slice 0.
0x1 Input 1. Selects the pin selected in the PINTSELL1 register as the source
to bit slice 0.
0x2 Input 2. Selects the pin selected in the PINTSEL2 register as the source
to bit slice 0.
0x3 Input 3. Selects the pin selected in the PINTSEL3 register as the source
to bit slice 0.
0x4 Input 4. Selects the pin selected in the PINTSEL4 register as the source
to bit slice 0.
0x5 Input 5. Selects the pin selected in the PINTSELS5 register as the source
to bit slice 0.
0x6 Input 6. Selects the pin selected in the PINTSELSG register as the source
to bit slice 0.
0x7 Input 7. Selects the pin selected in the PINTSEL7 register as the source
to bit slice 0.
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Table 164. Pattern match bit-slice source register (PMSRC, address 0x4008 402C) bit description

Bit Symbol Value  Description Reset value
19:17 SRC3 Selects the input source for bit slice 3 0
0x0 Input 0. Selects the pin selected in the PINTSELO register as the source
to bit slice 0.
0x1 Input 1. Selects the pin selected in the PINTSELL1 register as the source
to bit slice 0.
0x2 Input 2. Selects the pin selected in the PINTSEL2 register as the source
to bit slice 0.
0x3 Input 3. Selects the pin selected in the PINTSEL3 register as the source
to bit slice 0.
0x4 Input 4. Selects the pin selected in the PINTSEL4 register as the source
to bit slice 0.
0x5 Input 5. Selects the pin selected in the PINTSELS register as the source
to bit slice 0.
0x6 Input 6. Selects the pin selected in the PINTSELG register as the source
to bit slice 0.
0x7 Input 7. Selects the pin selected in the PINTSEL7 register as the source
to bit slice 0.
22:20 SRC4 Selects the input source for bit slice 4 0
0x0 Input 0. Selects the pin selected in the PINTSELO register as the source
to bit slice 0.
0ox1 Input 1. Selects the pin selected in the PINTSEL1 register as the source
to bit slice 0.
0x2 Input 2. Selects the pin selected in the PINTSEL2 register as the source
to bit slice 0.
0x3 Input 3. Selects the pin selected in the PINTSEL3 register as the source
to bit slice 0.
0x4 Input 4. Selects the pin selected in the PINTSEL4 register as the source
to bit slice 0.
0x5 Input 5. Selects the pin selected in the PINTSELS register as the source
to bit slice 0.
0x6 Input 6. Selects the pin selected in the PINTSELSG register as the source
to bit slice 0.
0x7 Input 7. Selects the pin selected in the PINTSEL7 register as the source
to bit slice 0.
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Table 164. Pattern match bit-slice source register (PMSRC, address 0x4008 402C) bit description

Bit Symbol Value  Description Reset value
25:23 SRC5 Selects the input source for bit slice 5 0
0x0 Input 0. Selects the pin selected in the PINTSELO register as the source
to bit slice 0.
0x1 Input 1. Selects the pin selected in the PINTSELL1 register as the source
to bit slice 0.
0x2 Input 2. Selects the pin selected in the PINTSEL2 register as the source
to bit slice 0.
0x3 Input 3. Selects the pin selected in the PINTSEL3 register as the source
to bit slice 0.
0x4 Input 4. Selects the pin selected in the PINTSEL4 register as the source
to bit slice 0.
0x5 Input 5. Selects the pin selected in the PINTSELS register as the source
to bit slice 0.
0x6 Input 6. Selects the pin selected in the PINTSELG register as the source
to bit slice 0.
0x7 Input 7. Selects the pin selected in the PINTSEL7 register as the source
to bit slice 0.
28:26 SRC6 Selects the input source for bit slice 6 0
0x0 Input 0. Selects the pin selected in the PINTSELO register as the source
to bit slice 0.
0ox1 Input 1. Selects the pin selected in the PINTSEL1 register as the source
to bit slice 0.
0x2 Input 2. Selects the pin selected in the PINTSEL2 register as the source
to bit slice 0.
0x3 Input 3. Selects the pin selected in the PINTSEL3 register as the source
to bit slice 0.
0x4 Input 4. Selects the pin selected in the PINTSEL4 register as the source
to bit slice 0.
0x5 Input 5. Selects the pin selected in the PINTSELS register as the source
to bit slice 0.
0x6 Input 6. Selects the pin selected in the PINTSELSG register as the source
to bit slice 0.
0x7 Input 7. Selects the pin selected in the PINTSEL7 register as the source
to bit slice 0.
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Table 164. Pattern match bit-slice source register (PMSRC, address 0x4008 402C) bit description

Bit Symbol
31:29 SRC7

Value  Description Reset value
Selects the input source for bit slice 7 0
0x0 Input 0. Selects the pin selected in the PINTSELO register as the source
to bit slice 0.
Ox1 Input 1. Selects the pin selected in the PINTSEL1 register as the source
to bit slice 0.
0x2 Input 2. Selects the pin selected in the PINTSEL2 register as the source
to bit slice 0.
0x3 Input 3. Selects the pin selected in the PINTSEL3 register as the source
to bit slice 0.
0x4 Input 4. Selects the pin selected in the PINTSEL4 register as the source
to bit slice 0.
0x5 Input 5. Selects the pin selected in the PINTSELS5 register as the source
to bit slice 0.
0x6 Input 6. Selects the pin selected in the PINTSELS register as the source
to bit slice 0.
0x7 Input 7. Selects the pin selected in the PINTSEL7 register as the source
to bit slice 0.

12.6.13 Pattern Match Interrupt Bit Slice Configuration register

UM10736

The bit-slice configuration register configures the detect logic and contains bits to select
from among eight alternative conditions for each bit slice that cause that bit slice to
contribute to a pattern match. The seven LSBs of this register specify which bit-slices are
the end-points of product terms in the boolean expression (i.e. where OR terms are to be
inserted in the expression).

Two types of edge detection on each input are possible:

* Sticky: A rising edge, a falling edge, or a rising or falling edge that is detected at any
time after the edge-detection mechanism has been cleared. The input qualifies as
detected (the detect logic output remains HIGH) until the pattern match engine detect
logic is cleared again.

* Non-sticky: Every time an edge (rising or falling) is detected, the detect logic output
for this pin goes HIGH. This bit is cleared after one clock cycle, and the edge detect
logic can detect another edge,

Remark: To clear the pattern match engine detect logic, write any value to either the
PMCEFG register or the PMSRC register, or disable the pattern-match feature (by clearing
both the SEL_PMATCH and ENA_RXEYV bits in the PMCTRL register to zeros). This will
erase all edge-detect history.

To select whether a slice marks the final component in a minterm of the boolean
expression, write a 1 in the corresponding PROD_ENPTSh bit. Setting a term as the final
component has two effects:

1. The interrupt request associated with this bit slice will be asserted whenever a match to that
product term is detected.

2. The next bit slice will start a new, independent product term in the boolean expression (i.e. an
OR will be inserted in the boolean expression following the element controlled by this bit slice).
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Table 165. Pattern match bit slice configuration register (PMCFG, address 0x400A 4030) bit description

Bit Symbol Value Description Reset
value
0 PROD_EN Determines whether slice 0 is an endpoint. 0
DPTSO

No effect. Slice 0 is not an endpoint.

endpoint. Slice 0 is the endpoint of a product term (minterm). Pin interrupt O in the
NVIC is raised if the minterm evaluates as true.

1 PROD_EN Determines whether slice 1 is an endpoint. 0

DPTS1 No effect. Slice 1 is not an endpoint.

endpoint. Slice 1 is the endpoint of a product term (minterm). Pin interrupt 1 in the
NVIC is raised if the minterm evaluates as true.

2 PROD_EN Determines whether slice 2 is an endpoint. 0

DPTS2 0 No effect. Slice 2 is not an endpoint.

endpoint. Slice 2 is the endpoint of a product term (minterm). Pin interrupt 2 in the
NVIC is raised if the minterm evaluates as true.

3 PROD_EN Determines whether slice 3 is an endpoint. 0

DPTS3 0 No effect. Slice 3 is not an endpoint.

endpoint. Slice 3 is the endpoint of a product term (minterm). Pin interrupt 3 in the
NVIC is raised if the minterm evaluates as true.

4 PROD_EN Determines whether slice 4 is an endpoint. 0

DPTS4 0 No effect. Slice 4 is not an endpoint.

endpoint. Slice 4 is the endpoint of a product term (minterm). Pin interrupt 4 in the
NVIC is raised if the minterm evaluates as true.
5 PROD_EN Determines whether slice 5 is an endpoint. 0
DPTS5 No effect. Slice 5 is not an endpoint.

endpoint. Slice 5 is the endpoint of a product term (minterm). Pin interrupt 5 in the
NVIC is raised if the minterm evaluates as true.
6 PROD_EN Determines whether slice 6 is an endpoint. 0
DPTS6 No effect. Slice 6 is not an endpoint.

endpoint. Slice 6 is the endpoint of a product term (minterm). Pin interrupt 6 in the
NVIC is raised if the minterm evaluates as true.

7 - Reserved. Bit slice 7 is automatically considered a product end point. 0
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Table 165. Pattern match bit slice configuration register (PMCFG, address 0x400A 4030) bit description ...continued

Bit Symbol Value Description Reset
value
10:8 CFGO Specifies the match contribution condition for bit slice 0. 0b000

0x0 Constant HIGH. This bit slice always contributes to a product term match.

Ox1 Sticky rising edge. Match occurs if a rising edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x2 Sticky falling edge. Match occurs if a falling edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x3 Sticky rising or falling edge. Match occurs if either a rising or falling edge on the
specified input has occurred since the last time the edge detection for this bit slice
was cleared. This bit is only cleared when the PMCFG or the PMSRC registers are
written to.

0x4 High level. Match (for this bit slice) occurs when there is a high level on the input
specified for this bit slice in the PMSRC register.

0x5 Low level. Match occurs when there is a low level on the specified input.

0x6 Constant 0. This bit slice never contributes to a match (should be used to disable any
unused bit slices).

0x7 Event. Non-sticky rising or falling edge. Match occurs on an event - i.e. when either a
rising or falling edge is first detected on the specified input (this is a non-sticky
version of value 0x3). This bit is cleared after one clock cycle.

13:11 CFG1 Specifies the match contribution condition for bit slice 1. 0b000
0x0 Constant HIGH. This bit slice always contributes to a product term match.

0ox1 Sticky rising edge. Match occurs if a rising edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x2 Sticky falling edge. Match occurs if a falling edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x3 Sticky rising or falling edge. Match occurs if either a rising or falling edge on the
specified input has occurred since the last time the edge detection for this bit slice
was cleared. This bit is only cleared when the PMCFG or the PMSRC registers are
written to.

0x4 High level. Match (for this bit slice) occurs when there is a high level on the input
specified for this bit slice in the PMSRC register.

0x5 Low level. Match occurs when there is a low level on the specified input.

0x6 Constant 0. This bit slice never contributes to a match (should be used to disable any
unused bit slices).

0x7 Event. Non-sticky rising or falling edge. Match occurs on an event - i.e. when either a
rising or falling edge is first detected on the specified input (this is a non-sticky
version of value 0x3). This bit is cleared after one clock cycle.
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Table 165. Pattern match bit slice configuration register (PMCFG, address 0x400A 4030) bit description ...continued

Bit Symbol Value Description Reset
value
16:14 CFG2 Specifies the match contribution condition for bit slice 2. 0b000

0x0 Constant HIGH. This bit slice always contributes to a product term match.

Ox1 Sticky rising edge. Match occurs if a rising edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x2 Sticky falling edge. Match occurs if a falling edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x3 Sticky rising or falling edge. Match occurs if either a rising or falling edge on the
specified input has occurred since the last time the edge detection for this bit slice
was cleared. This bit is only cleared when the PMCFG or the PMSRC registers are
written to.

0x4 High level. Match (for this bit slice) occurs when there is a high level on the input
specified for this bit slice in the PMSRC register.

0x5 Low level. Match occurs when there is a low level on the specified input.

0x6 Constant 0. This bit slice never contributes to a match (should be used to disable any
unused bit slices).

0x7 Event. Non-sticky rising or falling edge. Match occurs on an event - i.e. when either a
rising or falling edge is first detected on the specified input (this is a non-sticky
version of value 0x3). This bit is cleared after one clock cycle.

19:17 CFG3 Specifies the match contribution condition for bit slice 3. 0b000
0x0 Constant HIGH. This bit slice always contributes to a product term match.

Oox1 Sticky rising edge. Match occurs if a rising edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x2 Sticky falling edge. Match occurs if a falling edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x3 Sticky rising or falling edge. Match occurs if either a rising or falling edge on the
specified input has occurred since the last time the edge detection for this bit slice
was cleared. This bit is only cleared when the PMCFG or the PMSRC registers are
written to.

0x4 High level. Match (for this bit slice) occurs when there is a high level on the input
specified for this bit slice in the PMSRC register.

0x5 Low level. Match occurs when there is a low level on the specified input.

0x6 Constant 0. This bit slice never contributes to a match (should be used to disable any
unused bit slices).

0x7 Event. Non-sticky rising or falling edge. Match occurs on an event - i.e. when either a
rising or falling edge is first detected on the specified input (this is a non-sticky
version of value 0x3). This bit is cleared after one clock cycle.
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Table 165. Pattern match bit slice configuration register (PMCFG, address 0x400A 4030) bit description ...continued

Bit Symbol Value Description Reset
value
22:20 CFG4 Specifies the match contribution condition for bit slice 4. 0b000

0x0 Constant HIGH. This bit slice always contributes to a product term match.

Ox1 Sticky rising edge. Match occurs if a rising edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x2 Sticky falling edge. Match occurs if a falling edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x3 Sticky rising or falling edge. Match occurs if either a rising or falling edge on the
specified input has occurred since the last time the edge detection for this bit slice
was cleared. This bit is only cleared when the PMCFG or the PMSRC registers are
written to.

0x4 High level. Match (for this bit slice) occurs when there is a high level on the input
specified for this bit slice in the PMSRC register.

0x5 Low level. Match occurs when there is a low level on the specified input.

0x6 Constant 0. This bit slice never contributes to a match (should be used to disable any
unused bit slices).

0x7 Event. Non-sticky rising or falling edge. Match occurs on an event - i.e. when either a
rising or falling edge is first detected on the specified input (this is a non-sticky
version of value 0x3). This bit is cleared after one clock cycle.

25:23 CFG5 Specifies the match contribution condition for bit slice 5. 0b000
0x0 Constant HIGH. This bit slice always contributes to a product term match.

Oox1 Sticky rising edge. Match occurs if a rising edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x2 Sticky falling edge. Match occurs if a falling edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x3 Sticky rising or falling edge. Match occurs if either a rising or falling edge on the
specified input has occurred since the last time the edge detection for this bit slice
was cleared. This bit is only cleared when the PMCFG or the PMSRC registers are
written to.

0x4 High level. Match (for this bit slice) occurs when there is a high level on the input
specified for this bit slice in the PMSRC register.

0x5 Low level. Match occurs when there is a low level on the specified input.

0x6 Constant 0. This bit slice never contributes to a match (should be used to disable any
unused bit slices).

0x7 Event. Non-sticky rising or falling edge. Match occurs on an event - i.e. when either a
rising or falling edge is first detected on the specified input (this is a non-sticky
version of value 0x3). This bit is cleared after one clock cycle.
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Table 165. Pattern match bit slice configuration register (PMCFG, address 0x400A 4030) bit description ...continued

Bit Symbol Value Description Reset
value
28:26 CFG6 Specifies the match contribution condition for bit slice 6. 0b000

0x0 Constant HIGH. This bit slice always contributes to a product term match.

Ox1 Sticky rising edge. Match occurs if a rising edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x2 Sticky falling edge. Match occurs if a falling edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x3 Sticky rising or falling edge. Match occurs if either a rising or falling edge on the
specified input has occurred since the last time the edge detection for this bit slice
was cleared. This bit is only cleared when the PMCFG or the PMSRC registers are
written to.

0x4 High level. Match (for this bit slice) occurs when there is a high level on the input
specified for this bit slice in the PMSRC register.

0x5 Low level. Match occurs when there is a low level on the specified input.

0x6 Constant 0. This bit slice never contributes to a match (should be used to disable any
unused bit slices).

0x7 Event. Non-sticky rising or falling edge. Match occurs on an event - i.e. when either a
rising or falling edge is first detected on the specified input (this is a non-sticky
version of value 0x3). This bit is cleared after one clock cycle.

31:29 CFG7 Specifies the match contribution condition for bit slice 7. 0b000
0x0 Constant HIGH. This bit slice always contributes to a product term match.

Oox1 Sticky rising edge. Match occurs if a rising edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x2 Sticky falling edge. Match occurs if a falling edge on the specified input has occurred
since the last time the edge detection for this bit slice was cleared. This bit is only
cleared when the PMCFG or the PMSRC registers are written to.

0x3 Sticky rising or falling edge. Match occurs if either a rising or falling edge on the
specified input has occurred since the last time the edge detection for this bit slice
was cleared. This bit is only cleared when the PMCFG or the PMSRC registers are
written to.

0x4 High level. Match (for this bit slice) occurs when there is a high level on the input
specified for this bit slice in the PMSRC register.

0x5 Low level. Match occurs when there is a low level on the specified input.

0x6 Constant 0. This bit slice never contributes to a match (should be used to disable any
unused bit slices).

0x7 Event. Non-sticky rising or falling edge. Match occurs on an event - i.e. when either a
rising or falling edge is first detected on the specified input (this is a non-sticky
version of value 0x3). This bit is cleared after one clock cycle.
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12.7 Functional description

UM10736

12.7.1

12.7.2

Pin interrupts

In this interrupt facility, up to 8 pins are identified as interrupt sources by the Pin Interrupt
Select registers (PINTSELO-7). All registers in the pin interrupt block contain 8 bits,
corresponding to the pins called out by the PINTSELO-7 registers. The ISEL register
defines whether each interrupt pin is edge- or level-sensitive. The RISE and FALL
registers detect edges on each interrupt pin, and can be written to clear (and set) edge
detection. The IST register indicates whether each interrupt pin is currently requesting an
interrupt, and this register can also be written to clear interrupts.

The other pin interrupt registers play different roles for edge-sensitive and level-sensitive
pins, as described in Table 166.

Table 166. Pin interrupt registers for edge- and level-sensitive pins

Name Edge-sensitive function Level-sensitive function
IENR Enables rising-edge interrupts. Enables level interrupts.
SIENR Write to enable rising-edge interrupts. Write to enable level interrupts.
CIENR Write to disable rising-edge interrupts. Write to disable level interrupts.
IENF Enables falling-edge interrupts. Selects active level.

SIENF Write to enable falling-edge interrupts. Write to select high-active.
CIENF Write to disable falling-edge interrupts. Write to select low-active.

Pattern Match engine example

Suppose the desired boolean pattern to be matched is:
(IN1) + (IN1 * IN2) + (~IN2 * ~IN3 * IN6fe) + (IN5 * IN7ev)
with:

IN6fe = (sticky) falling-edge on input 6

IN7ev = (non-sticky) event (rising or falling edge) on input 7
Each individual term in the expression shown above is controlled by one bit-slice. To
specify this expression, program the pattern match bit slice source and configuration
register fields as follows:

* PMSRC register (Table 164):

— Since bit slice 5 will be used to detect a sticky event on input 6, you can write a 1 to
the SRC5 bits to clear any pre-existing edge detects on bit slice 5.

— SRCO: 001 - select input 1 for bit slice 0
— SRC1: 001 - select input 1 for bit slice 1
— SRC2: 010 - select input 2 for bit slice 2
— SRC3: 010 - select input 2 for bit slice 3
— SRC4: 011 - select input 3 for bit slice 4
— SRC5: 110 - select input 6 for bit slice 5
— SRCB6: 101 - select input 5 for bit slice 6
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SRC7: 111 - select input 7 for bit slice 7

* PMCEFG register (Table 165):

PROD_ENDPTSO =1
PROD_ENDPTS02 =1
PROD_ENDPTS5=1

All other slices are not product term endpoints and their PROD_ENDPTS bits are
0. Slice 7 is always a product term endpoint and does not have a register bit
associated with it.

= 0100101 - bit slices 0, 2, 5, and 7 are product-term endpoints. (Bit

slice 7 is an endpoint by default - no associated register bit).

CFGO0: 000 - high level on the selected input (input 1) for bit slice O

CFGZ1: 000 - high level on the selected input (input 1) for bit slice 1

CFG2: 000 - high level on the selected input (input 2) for bit slice 2

CFG3: 101 - low level on the selected input (input 2) for bit slice 3

CFG4: 101 - low level on the selected input (input 3) for bit slice 4

CFG5: 010 - (sticky) falling edge on the selected input (input 6) for bit slice 5
CFG6: 000 - high level on the selected input (input 5) for bit slice 6

CFG7: 111 - event (any edge, non-sticky) on the selected input (input 7) for bit
slice 7

* PMCTRL register (Table 163):

UM10736

Bit0: Setting this bit will select pattern matches to generate the pin interrupts in
place of the normal pin interrupt mechanism.

For this example, pin interrupt 0 will be asserted when a match is detected on the
first product term (which, in this case, is just a high level on input 1).

Pin interrupt 2 will be asserted in response to a match on the second product term.
Pin interrupt 5 will be asserted when there is a match on the third product term.
Pin interrupt 7 will be asserted on a match on the last term.

Bitl: Setting this bit will cause the RxEv signal to the ARM CPU to be asserted
whenever a match occurs on ANY of the product terms in the expression.
Otherwise, the RXEV line will not be used.

Bit31:24: At any given time, bits 0, 2, 5 and/or 7 may be high if the corresponding
product terms are currently matching.

The remaining bits will always be low.
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12.7.3 Pattern match engine edge detect examples

slice 0 (INOre)

INO |

SRCO = 0, CFGO0 = 0x3, PROD_ENPTSO0 = 0x0 (sticky rising edge detection)

slice 1 (IN1ev) minterm
IN1 | (INOre)(IN1ev)
pin interrupt raised on
L falling edge on input 1 any time
NVIC pin interrupt 1
and GPIO_INT_BMAT output after INO has gone HIGH

SRC1 =1, CFG1 = 0x7, PROD_ENPTS1 = 0x1 (non-sticky edge detection)

Figure shows pattern match functionality only and accurate timing is not implied. Inputs (INn) are shown synchronized to the
system clock for simplicity.

Fig 19. Pattern match engine examples: sticky edge detect

slice 0 (INO)

INO |

SRCO0 = 0, CFGO = 0x4, PROD_ENPTSO0 = 0x0 (high level detection)

slice 1 (IN1ev) minterm

INT | (INO)(IN1ev)
pin interrupt raised

on rising edge of IN1 during
the HIGH level of INO

NVIC pin interrupt 1
and GPIO_INT_BMAT output

SRC1 =1, CFG1 = 0x7, PROD_ENPTS1 = 0x1 (non-sticky edge detection)

Figure shows pattern match functionality only and accurate timing is not implied. Inputs (INn) are shown synchronized to the
system clock for simplicity.

Fig 20. Pattern match engine examples: Windowed non-sticky edge detect evaluates as true
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slice 0 (INO)

INO | |

SRCO = 0, CFGO = 0x4, PROD_ENPTSO0 = 0x0 (high level detection)

slice 1 (IN1ev) minterm

IN1 J ; (INO)(IN1ev)

no pin interrupt raised
NVIC pin interrupt 1 :Ea ?OGT ‘nolgfél:nge while
and GPIO_INT_BMAT output evel is

SRC1 =1, CFG1 = 0x7, PROD_ENPTS1 = 0x1 (non-sticky edge detection)

Figure shows pattern match functionality only and accurate timing is not implied. Inputs (INn) are shown synchronized to the
system clock for simplicity.

Fig 21. Pattern match engine examples: Windowed non-sticky edge detect evaluates as false
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13.1 How to read this chapter

13.2 Features

The DMA controller is available on all parts. For API support see Chapter 37 “LPC15xx
DMA API ROM driver routines”.

18 channels supported with 14 channels connected to peripheral requests of the
USART, SPI, I12C, and DAC peripherals. Four channels have no DMA request
connected.

DMA operations can be triggered by on- or off-chip events. Each DMA channel can
select one trigger input from 20 sources. Trigger sources are the ADC interrupt, the
analog comparator outputs, and the SCT DMA request lines.

Priority is user selectable for each channel (up to eight priority levels).
Continuous priority arbitration.

Address cache with four entries (each entry is a pair of addresses).
Efficient use of data bus.

Supports single transfers up to 1,024 words.

Address increment options allow packing and/or unpacking data.

13.3 Basic configuration

UM10736

13.3.1

Configure the DMA as follows:

Use the SYSAHBCLKCTRLO register (Table 50) to enable the clock to the DMA
registers interface.

Clear the DMA peripheral reset using the PRESETCTRLO register (Table 35).
The DMA interrupt is connected to slot #4 in the NVIC.

Each DMA channel has one DMA request line associated and can also select one of
20 input triggers through the input mux registers DMA_ITRIG_INMUX[0:17].

Trigger outputs are connected to DMA_INMUX_INMUX]0:3] as inputs to DMA
triggers.

For details on the trigger input and output multiplexing, see Section 9.5.3 “DMA trigger
input multiplexing”.

Hardware triggers

Each DMA channel can use one trigger that is independent of the request input for this
channel. The trigger input is selected in the DMA_ITRIG_INMUX registers. There are 20
possible internal trigger sources for each channel with each trigger signal issued by the
output of a peripheral. In addition, the DMA trigger output can be routed to the trigger
input of another channel through the trigger input multiplexing. See Section 9.5.3 “DMA
trigger input multiplexing”.
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See Table 167 for the connection of input muxes to DMA channels.

See Table 132 for a list of possible trigger input sources.

Trigger outputs

Each channel of the DMA controller provides a trigger output. This allows the possibility of
using the trigger outputs as a trigger source to a different channel in order to support
complex transfers on selected peripherals. This kind of transfer can, for example, use
more than one peripheral DMA request. An example use would be to input data to a
holding buffer from one peripheral, and then output the data to another peripheral, with
both transfers being paced by the appropriate peripheral DMA request. This kind of
operation is called “chained operation” or “channel chaining”.

DMA requests
DMA requests are directly connected to the peripherals. Each channel supports one DMA
request line and one trigger input which is multiplexed to many possible input sources.

For each trigger mux DMA_ITRIG_INMUXn, the following sources are supported:

¢ ADCO sequence A interrupt ADCO_SEQA IRQ
* ADCO sequence B interrupt ADCO_SEQB_IRQ
* ADC1 sequence A interrupt ADC1_SEQA_IRQ
¢ ADC1 sequence B interrupt ADC1_SEQB_IRQ
* SCTO DMA request 0 SCTO_DMAO
¢ SCTO DMA request 1 SCTO_DMA1
¢ SCT1 DMA request 0 SCT1_DMAO
e SCT1 DMA request 1 SCT1_DMA1
* SCT2 DMA request 0 SCT2_DMAO
e SCT2 DMA request 1 SCT2_DMA1
¢ SCT3 DMA request 0 SCT3_DMAO
¢ SCT3 DMA request 1 SCT3_DMA1
¢ Qutput from analog comparator 0 ACMP0O_OUT
¢ OQutput from analog comparator 1 ACMP1_OUT
* Output from analog comparator 2 ACMP2_OUT
¢ Qutput from analog comparator 3 ACMP3_OUT
* Four choices of one of the DMA output triggers

Table 167. DMA requests

DMA channel # Request input DMA trigger mux

0 USARTO_RX_DMA DMA_ITRIG_INMUXO

1 USARTO_TX_DMA DMA_ITRIG_INMUX1

2 USART1_RX_DMA DMA_ITRIG_INMUX2

3 USART1_TX_DMA DMA_ITRIG_INMUX3
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Table 167. DMA requests

DMA channel # Request input

4 USART2_RX_DMA
5 USART2_TX_DMA

6 SPI0_RX_DMA

7 SPI0_TX_DMA

8 SPI1_RX_DMA

9 SPI1_TX_DMA

10 12CO_SLV_DMA

11 12C0_MST_DMA

12 I2CO_MONITOR_DMA
13 DAC_IRQ

14 -

15 -

16 -

17 -

DMA in sleep mode

DMA trigger mux
DMA_ITRIG_INMUX4
DMA_ITRIG_INMUX5
DMA_ITRIG_INMUX6
DMA_ITRIG_INMUX7
DMA_ITRIG_INMUX8
DMA_ITRIG_INMUX9
DMA_ITRIG_INMUX10
DMA_ITRIG_INMUX11
DMA_ITRIG_INMUX12
DMA_ITRIG_INMUX13
DMA_ITRIG_INMUX14
DMA_ITRIG_INMUX15
DMA_ITRIG_INMUX16
DMA_ITRIG_INMUX17

The DMA can operate and access all SRAM blocks in sleep mode.

13.4 Pin description

UM10736

The DMA controller has no configurable pins.
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13.5 General description
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Fig 22. DMA block diagram

13.5.1 DMA requests and triggers

An operation on a DMA channel can be initiated by either a DMA request or a trigger
event. DMA requests come from peripherals and specifically indicate when a peripheral
either needs input data to be read from it, or that output data may be sent to it. DMA
requests are created by the UART, SPI, and 12C peripherals.

A trigger initiates a DMA operation and can be a signal from an unrelated peripheral.
Peripherals that generate triggers are the SCTs, the ADCs, and the analog comparators.
In addition, the DMA triggers also create an trigger output that can trigger DMA
transactions on another channel. Triggers can be used to send a character or a string to a
UART or other serial output at a fixed time interval or when an event occurs.

A DMA channel using a trigger can respond by moving data from any memory address to
any other memory address. This can include fixed peripheral data registers, or
incrementing through RAM buffers. The amount of data moved by a single trigger event

UM10736 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.

User manual Rev. 1.1 — 3 March 2014 192 of 759




NXP Semiconductors UM10736

Chapter 13: LPC15xx DMA controller

can range from a single transfer to many transfers. A transfer that is started by a trigger
can still be paced using the channel's DMA request. This allows sending a string to a
serial peripheral, for instance, without overrunning the peripheral’s transmit buffer.

Each trigger input to the DMA has a corresponding output that can be used as a trigger
input to another channel. The trigger outputs appear in the trigger source list for each
channel and can be selected through the DMA_INMUX registers as inputs to other
channels.

13.5.2 DMA Modes

The DMA controller doesn’t really have separate operating modes, but there are ways of
using the DMA controller that have commonly used terminology in the industry.

Once the DMA controller is set up for operation, using any specific DMA channel requires
initializing the registers associated with that channel (see Table 167), and supplying at
least the channel descriptor, which is located somewhere in memory, typically in on-chip
SRAM (see Section 13.6.3). The channel descriptor is shown in Table 168.

Table 168: Channel descriptor

Offset Description

+ 0x0 Reserved

+ 0x4 Source data end address
+ 0x8 Destination end address
+ 0xC Link to next descriptor

The source and destination end addresses, as well as the link to the next descriptor are
just memory addresses that can point to any valid address on the device. The starting
address for both source and destination data is the specified end address minus the transfer
length (XFERCOUNT * the address increment as defined by SRCINC and DSTINC). The link to
the next descriptor is used only if it is a linked transfer.

After the channel has had a sufficient number of DMA requests and/or triggers, depending
on its configuration, the initial descriptor will be exhausted. At that point, if the transfer
configuration directs it, the channel descriptor will be reloaded with data from memory
pointed to by the “Link to next descriptor” entry of the initial channel descriptor.
Descriptors loaded in this manner look slightly different the channel descriptor, as shown
in Table 169. The difference is that a new transfer configuration is specified in the reload
descriptor instead of being written to the XFERCFG register for that channel.

This process repeats as each descriptor is exhausted as long as reload is selected in the
transfer configuration for each new descriptor.

Table 169: Reload descriptors

Offset Description
+ 0x0 Transfer configuration.
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Table 169: Reload descriptors

Offset Description

+ 0x4 Source end address. This points to the address of the last entry of the source address
range if the address is incremented. The address to be used in the transfer is calculated
from the end address, data width, and transfer size.

+ 0x8 Destination end address. This points to the address of the last entry of the destination
address range if the address is incremented. The address to be used in the transfer is
calculated from the end address, data width, and transfer size.

+ 0xC Link to next descriptor. If used, this address must be aligned to a multiple of 16 bytes
(i.e., the size of a descriptor).

13.5.3 Single buffer

This generally applies to memory to memory moves, and peripheral DMA that occurs only
occasionally and is set up for each transfer. For this kind of operation, only the initial
channel descriptor shown in Table 170 is needed.

Table 170: Channel descriptor for a single transfer

Offset Description

+ 0x0 Reserved

+ 0x4 Source data end address

+ 0x8 Destination data end address
+ 0xC (not used)

This case is identified by the Reload bit in the XFERCFG register = 0. When the DMA
channel receives a DMA request or trigger (depending on how it is configured), it performs
one or more transfers as configured, then stops. Once the channel descriptor is
exhausted, additional DMA requests or triggers will have no effect until the channel
configuration is updated by software.

13.5.4 Ping-Pong

Ping-pong is a special case of a linked transfer. It is described separately because it is
typically used more frequently than more complicated versions of linked transfers.

A ping-pong transfer uses two buffers alternately. At any one time, one buffer is being
loaded or unloaded by DMA operations. The other buffer has the opposite operation being
handled by software, readying the buffer for use when the buffer currently being used by
the DMA controller is full or empty. Table 171 shows an example of descriptors for
ping-pong from a peripheral to two buffers in memory.
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Table 171: Example descriptors for ping-pong operation: peripheral to buffer

Channel Descriptor Descriptor B Descriptor A

+ 0x0 (not used) + 0x0 Buffer B transfer configuration + 0x0 Buffer A transfer configuration
+ 0x4 Peripheral data end address + 0x4 Peripheral data end address + 0x4 Peripheral data end address
+ 0x8 Buffer A memory end address + 0x8 Buffer B memory end address + 0x8 Buffer A memory end address
+ 0xC Address of descriptor B + 0xC Address of descriptor A + 0xC Address of descriptor B

In this example, the channel descriptor is used first, with a first buffer in memory called
buffer A. The configuration of the DMA channel must have been set to indicate a reload.
Similarly, both descriptor A and descriptor B must also specify reload. When the channel
descriptor is exhausted, descriptor B is loaded using the link to descriptor B, and a
transfer interrupt informs the CPU that buffer A is available.

Descriptor B is then used until it is also exhausted, when descriptor A is loaded using the
link to descriptor A contained in descriptor B. Then a transfer interrupt informs the CPU
that buffer B is available for processing. The process repeats when descriptor A is
exhausted, alternately using each of the 2 memory buffers.

13.5.5 Linked transfers (linked list)

A linked transfer can use any number of descriptors to define a complicated transfer. This
can be configured such that a single transfer, a portion of a transfer, one whole descriptor,
or an entire structure of links can be initiated by a single DMA request or trigger.

An example of a linked transfer could start out like the example for a ping-pong transfer
(Table 171). The difference would be that descriptor B would not link back to descriptor A,
but would continue on to another different descriptor. This could continue as long as
desired, and can be ended anywhere, or linked back to any point to repeat a sequence of
descriptors. Of course, any descriptor not currently in use can be altered by software as
well.

13.5.6 Address alignment for data transfers

Transfers of 16 bit width require an address alignment to a multiple of 2 bytes. Transfers
of 32 bit width require an address alignment to a multiple of 4 bytes. Transfers of 8 bit
width can be at any address.

13.6 Register description

The DMA registers are grouped into DMA control, interrupt and status registers and DMA
channel registers. DMA transfers are controlled by a set of three registers per channel, the
CFG[0:20], CTRLSTAT[0:20], and XFERCFG[0:20] registers.

The reset value reflects the data stored in used bits only. It does not include the content of
reserved bits.
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Table 172. Register overview: DMA controller (base address 0x1C00 4000)

Name Access Address Description
offset

Global control and status registers

CTRL R/W 0x000 DMA control.
INTSTAT RO 0x004 Interrupt status.
SRAMBASE R/W 0x008 SRAM address of the channel configuration table.

Shared registers

ENABLESETO RO/W1  0x020 Channel Enable read and Set for all DMA channels.

ENABLECLRO W1 0x028 Channel Enable Clear for all DMA channels.
ACTIVEO RO 0x030 Channel Active status for all DMA channels.
BUSYO RO 0x038 Channel Busy status for all DMA channels.
ERRINTO RO/W1  0x040 Error Interrupt status for all DMA channels.
INTENSETO RO/W1  0x048 Interrupt Enable read and Set for all DMA channels.
INTENCLRO w1 0x050 Interrupt Enable Clear for all DMA channels.
INTAO RO/W1  0x058 Interrupt A status for all DMA channels.

INTBO RO/W1  0x060 Interrupt B status for all DMA channels.
SETVALIDO w1l 0x068 Set ValidPending control bits for all DMA channels.
SETTRIGO w1 0x070 Set Trigger control bits for all DMA channels.
ABORTO w1 0x078 Channel Abort control for all DMA channels.
ChannelO registers

CFGO R/W 0x400 Configuration register for DMA channel 0.
CTLSTATO RO 0x404 Control and status register for DMA channel 0.
XFERCFGO R/W 0x408 Transfer configuration register for DMA channel 0.
Channell registers

CFG1 R/W 0x410 Configuration register for DMA channel 1.
CTLSTAT1 RO 0x414 Control and status register for DMA channel 1.
XFERCFG1 R/W 0x418 Transfer configuration register for DMA channel 1.
Channel?2 registers

CFG2 R/W 0x420 Configuration register for DMA channel 2.
CTLSTAT2 RO 0x424 Control and status register for DMA channel 2.
XFERCFG2 R/W 0x428 Transfer configuration register for DMA channel 2.
Channel3 registers

CFG3 R/W 0x430 Configuration register for DMA channel 3.
CTLSTAT3 RO 0x434 Control and status register for DMA channel 3.
XFERCFG3 R/W 0x438 Transfer configuration register for DMA channel 3.
Channel4 registers

CFG4 R/W 0x440 Configuration register for DMA channel 4.
CTLSTAT4 RO 0x444 Control and status register for DMA channel 4.
XFERCFG4 R/W 0x448 Transfer configuration register for DMA channel 4.
Channel5 registers

CFG5 R/W 0x450 Configuration register for DMA channel 5.
CTLSTATS RO 0x454 Control and status register for DMA channel 5.
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Reset Reference
Value

Table 173
Table 174
Table 175

0 Table 177
NA Table 178
Table 179
Table 180
Table 181
Table 182
NA Table 183
Table 184
Table 185
NA Table 186
NA Table 187
NA Table 188

Table 189
Table 191
Table 192

Table 189
Table 191
Table 192

Table 189
Table 191
Table 192

Table 189
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Table 192
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Table 172. Register overview: DMA controller (base address 0x1C00 4000)

Name Access
XFERCFG5 R/W
Channel6 registers
CFG6 R/W
CTLSTAT6 RO
XFERCFG6 R/W
Channel7 registers
CFG7 R/W
CTLSTATY RO
XFERCFG7 R/W
Channel8 registers
CFG8 R/W
CTLSTATS RO
XFERCFG8 R/W
Channel9 registers
CFG9 R/W
CTLSTAT9 RO
XFERCFG9 R/W
Channell10 registers
CFG10 R/W
CTLSTAT10 RO

XFERCFG10 R/W
Channelll registers
CFG11 R/W
CTLSTAT11 RO
XFERCFG11 R/W
Channell2 registers
CFG12 R/W
CTLSTAT12 RO
XFERCFG12 R/W
Channell3 registers
CFG13 R/W
CTLSTAT13 RO
XFERCFG13 R/W
Channell4 registers
CFG14 R/W
CTLSTAT14 RO
XFERCFG14 R/W
Channell5 registers
CFG15 R/W
CTLSTAT15 RO

UM10736

Address
offset

0x458

0x460
0x464
0x468

0x470
0x474
0x478

0x480
0x484
0x488

0x490
0x494
0x498

0x4A0
0x4A4
0x4A8

0x4BO0
0x4B4
0x4B8

0x4CO0
0x4C4
0x4C8

0x4D0
0x4D4
0x4D8

Ox4EO0
Ox4E4
Ox4E8

0x4F0
Ox4F4

Description

Transfer configuration register for DMA channel 5.

Configuration register for DMA channel 6.
Control and status register for DMA channel 6.
Transfer configuration register for DMA channel 6.

Configuration register for DMA channel 7.
Control and status register for DMA channel 7.
Transfer configuration register for DMA channel 7.

Configuration register for DMA channel 8.
Control and status register for DMA channel 8.
Transfer configuration register for DMA channel 8.

Configuration register for DMA channel 9.
Control and status register for DMA channel 9.
Transfer configuration register for DMA channel 9.

Configuration register for DMA channel 10.
Control and status register for DMA channel 10.

Transfer configuration register for DMA channel 10.

Configuration register for DMA channel 11.
Control and status register for DMA channel 11.

Transfer configuration register for DMA channel 11.

Configuration register for DMA channel 12.
Control and status register for DMA channel 12.

Transfer configuration register for DMA channel 12.

Configuration register for DMA channel 13.
Control and status register for DMA channel 13.

Transfer configuration register for DMA channel 13.

Configuration register for DMA channel 14.
Control and status register for DMA channel 14.

Transfer configuration register for DMA channel 14.

Configuration register for DMA channel 15.
Control and status register for DMA channel 15.
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Reset Reference
Value

Table 192

Table 189
Table 191
Table 192

Table 189
Table 191
Table 192

Table 189
Table 191
Table 192

Table 189
Table 191
Table 192

Table 189
Table 191
Table 192

Table 189
Table 191
Table 192

Table 189
Table 191
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Table 189
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Table 172. Register overview: DMA controller (base address 0x1C00 4000)

Name Access

XFERCFG15 R/W
Channell16 registers
CFG16 R/W
CTLSTAT16 RO
XFERCFG16 R/W
Channell7 registers
CFG17 R/W
CTLSTAT17 RO
XFERCFG17 R/W

Address
offset

Ox4F8

0x500
0x504
0x508

0x510
0x514
0x518

Description

Transfer configuration register for DMA channel 15.

Configuration register for DMA channel 16.
Control and status register for DMA channel 16.

Transfer configuration register for DMA channel 16.

Configuration register for DMA channel 17.
Control and status register for DMA channel 17.

Transfer configuration register for DMA channel 17.

Reset Reference
Value

Table 192

Table 189
Table 191
Table 192

Table 189
Table 191
Table 192
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Control register
The CTRL register contains global the control bit for a enabling the DMA controller.

Table 173. Control register (CTRL, address 0x1C00 4000) bit description

Bit Symbol Value Description Reset
value
0 ENABLE DMA controller master enable. 0
0 Disabled. The DMA controller is disabled. This clears any

triggers that were asserted at the point when disabled, but
does not prevent re-triggering when the DMA controller is
re-enabled.

1 Enabled. The DMA controller is enabled.

31:1 - Reserved. Read value is undefined, only zero should be NA
written.

Interrupt Status register

The Read-Only INTSTAT register provides an overview of DMA status. This allows quick
determination of whether any enabled interrupts are pending. Details of which channels
are involved are found in the interrupt type specific registers.

Table 174. Interrupt Status register (INTSTAT, address 0x1C00 4004) bit description

Bit Symbol Value Description Reset
value
0 - Reserved. Read value is undefined, only zero should NA
be written.
1 ACTIVEINT Summarizes whether any enabled interrupts are 0
pending.
0 Not pending. No enabled interrupts are pending.
Pending. At least one enabled interrupt is pending.
2 ACTIVEERRINT Summarizes whether any error interrupts are pending. 0

Not pending. No error interrupts are pending.
Pending. At least one error interrupt is pending.

313 - Reserved. Read value is undefined, only zero should NA
be written.

SRAM Base address register

The SRAMBASE register must be configured with an address (preferably in on-chip
SRAM) where DMA descriptors will be stored. Software must set up the descriptors for
those DMA channels that will be used in the application.

Table 175. SRAM Base address register (SRAMBASE, address 0x1C00 4008) bit description

Bit Symbol Description Reset
value
8:0 - Reserved. Read value is undefined, only zero should be written. NA

31:9 OFFSET Address bits 31:9 of the beginning of the DMA descriptor table. For 0
18 channels, the table must begin on a 512 byte boundary.
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Each DMA channel has an entry for the channel descriptor in the SRAM table. The values
for each channel start at the address offsets found in Table 176. Only the descriptors for
channels defined at extraction are used. The contents of each channel descriptor are

described in Table 168.

Table 176. Channel descriptor map

Descriptor

Channel descriptor for DMA channel 0
Channel descriptor for DMA channel 1
Channel descriptor for DMA channel 2
Channel descriptor for DMA channel 3
Channel descriptor for DMA channel 4
Channel descriptor for DMA channel 5
Channel descriptor for DMA channel 6
Channel descriptor for DMA channel 7
Channel descriptor for DMA channel 8
Channel descriptor for DMA channel 9
Channel descriptor for DMA channel 10
Channel descriptor for DMA channel 11
Channel descriptor for DMA channel 12
Channel descriptor for DMA channel 13
Channel descriptor for DMA channel 14
Channel descriptor for DMA channel 15
Channel descriptor for DMA channel 16
Channel descriptor for DMA channel 17

Enable read and Set registers

Table offset
0x000
0x010
0x020
0x030
0x040
0x050
0x060
0x070
0x080
0x090
0x0A0
0x0BO
0x0CO0
0x0DO
O0x0EO
0xOF0
0x100
0x110

The ENABLESETO register determines whether each DMA channel is enabled or
disabled. Disabling a DMA channel does not reset the channel in any way. A channel can

be paused and restarted by clearing, then setting the Enable bit for that channel.

Reading ENABLESETO provides the current state of all of the DMA channels represented
by that register. Writing a 1 to a bit position in ENABLESETO that corresponds to an

implemented DMA channel sets the bit, enabling the related DMA channel. Writing a 0 to
any bit has no effect. Enables are cleared by writing to ENABLECLRO.

Table 177. Enable read and Set register 0 (ENABLESETO, address 0x1C00 4020) bit

description

Bit Symbol Description

Reset value

17.0 ENA Enable for DMA channels 17:0. Bit n enables or disables DMA 0

channel n.
0 = disabled.
1 = enabled.

31:18 - Reserved.
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Enable Clear register

The ENABLECLRO register is used to clear the channel enable bits in ENABLESETO.
This register is write-only.

Table 178. Enable Clear register 0 (ENABLECLRO, address 0x1C00 4028) bit description

Bit Symbol Description Reset value

17.0 CLR Writing ones to this register clears the corresponding bits in NA
ENABLESETO. Bit n clears the channel enable bit n.

31:18 - Reserved. -

Active status register

The ACTIVEO register indicates which DMA channels are active at the point when the
read occurs. The register is read-only.

A DMA channel is considered active when a DMA operation has been started but not yet
fully completed. The Active status will persist from a DMA operation being started, until
the pipeline is empty after end of the last descriptor (when there is no reload). An active
channel may be aborted by software by setting the appropriate bit in one of the Abort

register (see Section 13.6.15).

Table 179. Active status register 0 (ACTIVEO, address 0x1C00 4030) bit description

Bit Symbol Description Reset
value
17:.0 ACT Active flag for DMA channel n. Bit n corresponds to DMA channel 0
n.

0 = not active.
1 = active.
31:18 - Reserved. -

Busy status register

The BUSYO register indicates which DMA channels is busy at the point when the read
occurs. This registers is read-only.

A DMA channel is considered busy when there is any operation related to that channel in
the DMA controller’s internal pipeline. This information can be used after a DMA channel
is disabled by software (but still active), allowing confirmation that there are no remaining
operations in progress for that channel.

Table 180. Busy status register 0 (BUSYO0, address 0x1C00 4038) bit description

Bit Symbol Description Reset
value
17:0 BSY Busy flag for DMA channel n. Bit n corresponds to DMA channel n. 0
0 = not busy.
1 = busy.
31:18 - Reserved. -
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13.6.8 Error Interrupt register

The ERRINTO register contains flags for each DMA channel’s Error Interrupt. Any pending
interrupt flag in the register will be reflected on the DMA interrupt output.

Reading the registers provides the current state of all DMA channel error interrupts.
Writing a 1 to a bit position in ERRINTO that corresponds to an implemented DMA channel
clears the bit, removing the interrupt for the related DMA channel. Writing a 0 to any bit
has no effect.

Table 181. Error Interrupt register 0 (ERRINTO, address 0x1C00 4040) bit description

Bit Symbol Description Reset
value
17.0 ERR Error Interrupt flag for DMA channel n. Bit n corresponds to DMA 0
channel n.

0 = error interrupt is not active.
1 = error interrupt is active.

31:18 - Reserved. -

13.6.9 Interrupt Enable read and Set register

The INTENSETO register controls whether the individual Interrupts for DMA channels
contribute to the DMA interrupt output.

Reading the registers provides the current state of all DMA channel interrupt enables.
Writing a 1 to a bit position in INTENSETO that corresponds to an implemented DMA
channel sets the bit, enabling the interrupt for the related DMA channel. Writing a 0 to any
bit has no effect. Interrupt enables are cleared by writing to INTENCLRO.

Table 182. Interrupt Enable read and Set register 0 (INTENSETO, address 0x1C00 4048) bit

description
Bit Symbol Description Reset value
17: 0 INTEN Interrupt Enable read and set for DMA channel n. Bit n 0

corresponds to DMA channel n.
0 = interrupt for DMA channel is disabled.
1 = interrupt for DMA channel is enabled.

31:18 - Reserved. -

13.6.10 Interrupt Enable Clear register

The INTENCLRO register is used to clear interrupt enable bits in INTENSETO. The
register is write-only.

Table 183. Interrupt Enable Clear register O (INTENCLRO, address 0x1C00 4050) bit

description
Bit Symbol Description Reset value
17.0 CLR Writing ones to this register clears corresponding bits in the NA
INTENSETO. Bit n corresponds to DMA channel n.
31:18 - Reserved. -
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Interrupt A register

The IntAO register contains the interrupt A status for each DMA channel. The status will be
set when the SETINTA bit is 1 in the transfer configuration for a channel, when the
descriptor becomes exhausted. Writing a 1 to a bit in these registers clears the related
INTA flag. Writing O has no effect. Any interrupt pending status in the registers will be
reflected on the DMA interrupt output if it is enabled in the related INTENSET register.

Table 184. Interrupt A register O (INTAO, address 0x1C00 4058) bit description

Bit Symbol Description Reset value
17.0 1A Interrupt A status for DMA channel n. Bit n corresponds to DMA 0
channel n.

0 = the DMA channel interrupt A is not active.
1 = the DMA channel interrupt A is active.
31:18 - Reserved. -

Interrupt B register

The INTBO register contains the interrupt B status for each DMA channel. The status will
be set when the SETINTB bit is 1 in the transfer configuration for a channel, when the
descriptor becomes exhausted. Writing a 1 to a bit in the register clears the related INTB
flag. Writing O has no effect. Any interrupt pending status in these registers will be
reflected on the DMA interrupt output if it is enabled in the INTENSET register.

Table 185. Interrupt B register 0 (INTBO, address 0x1C00 4060) bit description

Bit Symbol Description Reset value
17.0 IB Interrupt B status for DMA channel n. Bit n corresponds to DMA 0
channel n.

0 = the DMA channel interrupt B is not active.
1 = the DMA channel interrupt B is active.
31:18 - Reserved. -

Set Valid register

The SETVALIDO register allows setting the Valid bit in the CTRLSTAT register for one or
more DMA channels. See Section 13.6.17 for a description of the VALID bit.

The CFGVALID and SV (set valid) bits allow more direct DMA block timing control by
software. Each Channel Descriptor, in a sequence of descriptors, can be validated by
either the setting of the CFGVALID bit or by setting the channel's SETVALID flag.
Normally, the CFGVALID bit is set. This tells the DMA that the Channel Descriptor is
active and can be executed. The DMA will continue sequencing through descriptor blocks
whose CFGVALID bit are set without further software intervention. Leaving a CFGVALID
bit set to 0 allows the DMA sequence to pause at the Descriptor until software triggers the
continuation. If, during DMA transmission, a Channel Descriptor is found with CFGVALID
set to 0, the DMA checks for a previously buffered SETVALIDO setting for the channel. If
found, the DMA will set the descriptor valid, clear the SV setting, and resume processing
the descriptor. Otherwise, the DMA pauses until the channels SETVALIDO bit is set.
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Table 186. Set Valid O register (SETVALIDO, address 0x1C00 4068) bit description

Bit Symbol Description Reset value
17.0 SV SETVALID control for DMA channel n. Bit n correspondsto  NA

DMA channel n.

0 = no effect.

1 = sets the VALIDPENDING control bit for DMA channel n.
31:18 - Reserved. -

Set Trigger register

The SETTRIGO register allows setting the TRIG bit in the CTRLSTAT register for one or
more DMA channel. See Section 13.6.17 for a description of the TRIG bit, and
Section 13.5.1 for a general description of triggering.

Table 187. Set Trigger O register (SETTRIGO, address 0x1C00 4070) bit description

Bit Symbol Description Reset value
17:0 TRIG Set Trigger control bit for DMA channel 0. Bit n corresponds to NA

DMA channel n.

0 = no effect.

1 = sets the TRIG bit for DMA channel n.
31:18 - Reserved. -

Abort registers

The Abort0 register allows aborting operation of a DMA channel if needed. To abort a
selected channel, the channel should first be disabled by clearing the corresponding
Enable bit by writing a 1 to the proper bit ENABLECLR. Then wait until the channel is no
longer busy by checking the corresponding bit in BUSY. Finally, write a 1 to the proper bit
of ABORT. This prevents the channel from restarting an incomplete operation when it is
enabled again.

Table 188. Abort O register (ABORTO, address 0x1C00 4078) bit description

Bit Symbol Description Reset
value
17:0 ABORTCTRL Abort control for DMA channel 0. Bit n corresponds to DMA NA
channel n.
0 = no effect.
1 = aborts DMA operations on channel n.
31:18 - Reserved. -
UM10736 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.
User manual Rev. 1.1 — 3 March 2014 204 of 759



NXP Semiconductors

UM10736

Chapter 13: LPC15xx DMA controller

13.6.16 Channel configuration registers

The CFGn register contains various configuration options for DMA channel n.

See Table 190 for a summary of trigger options.

Table 189. Configuration registers for channel 0to 17 (CFG[0:17], addresses 0x1C00 4400 (CFGO) to address 0x1C00
4510 (CFG17)) bit description

Bit Symbol Value Description Reset
value
0 PERIPHREQEN Peripheral request Enable. If a DMA channel is used to perform a 0
memory-to-memory move, any peripheral DMA request associated with that
channel can be disabled to prevent any interaction between the peripheral
and the DMA controller.
0 Disabled. Peripheral DMA requests are disabled.
Enabled. Peripheral DMA requests are enabled.
1 HWTRIGEN Hardware Triggering Enable for this channel. 0
Disabled. Hardware triggering is not used.
Enabled. Use hardware triggering.
3:2 - Reserved. Read value is undefined, only zero should be written. NA
TRIGPOL Trigger Polarity. Selects the polarity of a hardware trigger for this channel. 0
0 Active low - falling edge. Hardware trigger is active low or falling edge
triggered, based on TRIGTYPE.
1 Active high - rising edge. Hardware trigger is active high or rising edge
triggered, based on TRIGTYPE.
5 TRIGTYPE Trigger Type. Selects hardware trigger as edge triggered or level triggered. 0
0 Edge. Hardware trigger is edge triggered. Transfers will be initiated and
completed, as specified for a single trigger.
1 Level. Hardware trigger is level triggered. Note that when level triggering
without burst (BURSTPOWER = 0) is selected, only hardware triggers
should be used on that channel.
Transfers continue as long as the trigger level is asserted. Once the trigger
is de-asserted, the transfer will be paused until the trigger is, again,
asserted. However, the transfer will not be paused until any remaining
transfers within the current BURSTPOWER length are completed.
6 TRIGBURST Trigger Burst. Selects whether hardware triggers cause a single or burst 0
transfer.
0 Single transfer. Hardware trigger causes a single transfer.
Burst transfer. When the trigger for this channel is set to edge triggered, a
hardware trigger causes a burst transfer, as defined by BURSTPOWER.
When the trigger for this channel is set to level triggered, a hardware trigger
causes transfers to continue as long as the trigger is asserted, unless the
transfer is complete.
7 - Reserved. Read value is undefined, only zero should be written. NA
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Table 189. Configuration registers for channel 0to 17 (CFG[0:17], addresses 0x1C00 4400 (CFGO) to address 0x1C00
4510 (CFG17)) bit description

Bit Symbol Value Description Reset
value
11:8 BURSTPOWER Burst Power is used in two ways. It always selects the address wrap size 0

when SRCBURSTWRAP and/or DSTBURSTWRAP modes are selected
(see descriptions elsewhere in this register).

When the TRIGBURST field elsewhere in this register = 1, Burst Power
selects how many transfers are performed for each DMA trigger. This can be
used, for example, with peripherals that contain a FIFO that can initiate a
DMA operation when the FIFO reaches a certain level.

0000: Burst size = 1 (29).
0001: Burst size = 2 (21).
0010: Burst size = 4 (22).

1010: Burst size = 1024 (219). This corresponds to the maximum supported
transfer count.

others: not supported.

The total transfer length as defined in the XFERCOUNT bits in the
XFERCFG register must be an even multiple of the burst size.

13:12 - Reserved. Read value is undefined, only zero should be written. NA

14 SRCBURSTWRAP Source Burst Wrap. When enabled, the source data address for the DMAis 0
“wrapped”, meaning that the source address range for each burst will be the
same. As an example, this could be used to read several sequential
registers from a peripheral for each DMA burst, reading the same registers
again for each burst.

Disabled. Source burst wrapping is not enabled for this DMA channel.
Enabled. Source burst wrapping is enabled for this DMA channel.

15 DSTBURSTWRAP Destination Burst Wrap. When enabled, the destination data address for the 0
DMA is “wrapped”, meaning that the destination address range for each
burst will be the same. As an example, this could be used to write several
sequential registers to a peripheral for each DMA burst, writing the same
registers again for each burst.

0 Disabled. Destination burst wrapping is not enabled for this DMA channel.
Enabled. Destination burst wrapping is enabled for this DMA channel.
18:16 CHPRIORITY Priority of this channel when multiple DMA requests are pending. 0
Eight priority levels are supported.
0x0 = highest priority.
0x7 = lowest priority.
31:19 - Reserved. Read value is undefined, only zero should be written. NA
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Table 190. Trigger setting summary

TrigBurst TrigType TrigPol Description

0 0 0 Hardware DMA trigger is falling edge sensitive. The BURSTPOWER field controls
address wrapping if enabled via SRCBURSTWRAP and/or DSTBURSTWRAP.

0 0 1 Hardware DMA trigger is rising edge sensitive. The BURSTPOWER field controls
address wrapping if enabled via SRCBURSTWRAP and/or DSTBURSTWRAP.

0 1 0 Hardware DMA trigger is low level sensitive. The BURSTPOWER field controls address
wrapping if enabled via SRCBURSTWRAP and/or DSTBURSTWRAP.

0 1 1 Hardware DMA trigger is high level sensitive. The BURSTPOWER field controls
address wrapping if enabled via SRCBURSTWRAP and/or DSTBURSTWRAP.

1 0 0 Hardware DMA trigger is falling edge sensitive. The BURSTPOWER field controls

address wrapping if enabled via SRCBURSTWRAP and/or DSTBURSTWRAP, and
also determines how much data is transferred for each trigger.

1 0 1 Hardware DMA trigger is rising edge sensitive. The BURSTPOWER field controls
address wrapping if enabled via SRCBURSTWRAP and/or DSTBURSTWRAP, and
also determines how much data is transferred for each trigger.

1 1 0 Hardware DMA trigger is low level sensitive. The BURSTPOWER field controls address
wrapping if enabled via SRCBURSTWRAP and/or DSTBURSTWRAP, and also
determines how much data is transferred for each trigger.

1 1 1 Hardware DMA trigger is high level sensitive. The BURSTPOWER field controls
address wrapping if enabled via SRCBURSTWRAP and/or DSTBURSTWRAP, and
also determines how much data is transferred for each trigger.

13.6.17 Channel control and status registers
The CTLSTATN register provides status flags specific to DMA channel n.

Table 191. Control and Status registers for channel 0 to 17 (CTLSTAT[0:17], 0x1CO00 4404 (CTLSTATO) to address
0x1C00 4514 (CTLSTAT17)) bit description

Bit Symbol Value Description Reset
value
0 VALIDPENDING Valid pending flag for this channel. This bit is set when a 1 is written to the 0

corresponding bit in the related SETVALID register when CFGVALID = 1 for the
same channel.

No effect on DMA operation.
Valid pending.
- Reserved. Read value is undefined, only zero should be written. NA

2 TRIG Trigger flag. Indicates that the trigger for this channel is currently set. This bitis 0
cleared at the end of an entire transfer or upon reload when CLRTRIG = 1.

0 Not triggered. The trigger for this DMA channel is not set. DMA operations will
not be carried out.

1 Triggered. The trigger for this DMA channel is set. DMA operations will be
carried out.

31:3 - Reserved. Read value is undefined, only zero should be written. NA
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13.6.18 Channel transfer configuration registers

The XFERCFGn register contains transfer related configuration information for DMA
channel n. Using the Reload bit, this register can optionally be automatically reloaded
when the current settings are exhausted (the full transfer count has been completed),
allowing linked transfers with more than one descriptor to be performed.

See “Trigger operation” for details on trigger operation.

Table 192. Transfer Configuration registers for channel 0 to 17 (XFERCFG[0:17], addresses 0x1C00 4408
(XFERCFGO) to 0x1CO00 4518 (XFERCFG17)) bit description

Bit Symbol Value Description Reset
Value
0 CFGVALID Configuration Valid flag. This bit indicates whether the current channel descriptoris 0
valid and can potentially be acted upon, if all other activation criteria are fulfilled.
0 Not valid. The channel descriptor is not considered valid until validated by an
associated SETVALIDO setting.
1 Valid. The current channel descriptor is considered valid.
1 RELOAD Indicates whether the channel’s control structure will be reloaded when the current 0
descriptor is exhausted. Reloading allows ping-pong and linked transfers.
0 Disabled. Do not reload the channels’ control structure when the current descriptor
is exhausted.
1 Enabled. Reload the channels’ control structure when the current descriptor is
exhausted.
2 SWTRIG Software Trigger. 0
0 When written by software, the trigger for this channel is not set. A new trigger, as
defined by the HWTRIGEN, TRIGPOL, and TRIGTYPE will be needed to start the
channel.
1 When written by software, the trigger for this channel is set immediately. This
feature should not be used with level triggering when TRIGBURST = 0.
3 CLRTRIG Clear Trigger. 0
0 Not cleared. The trigger is not cleared when this descriptor is exhausted. If there is a
reload, the next descriptor will be started.
1 Cleared. The trigger is cleared when this descriptor is exhausted.
4 SETINTA Set Interrupt flag A for this channel. There is no hardware distinction between 0

interrupt A and B. They can be used by software to assist with more complex
descriptor usage. By convention, interrupt A may be used when only one interrupt
flag is needed.

0 No effect.

Set. The INTA flag for this channel will be set when the current descriptor is
exhausted.

5 SETINTB Set Interrupt flag B for this channel. There is no hardware distinction between 0
interrupt A and B. They can be used by software to assist with more complex
descriptor usage. By convention, interrupt A may be used when only one interrupt
flag is needed.

0 No effect.

Set. The INTB flag for this channel will be set when the current descriptor is
exhausted.

7.6 - Reserved. Read value is undefined, only zero should be written. NA
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Table 192. Transfer Configuration registers for channel 0 to 17 (XFERCFG[0:17], addresses 0x1C00 4408
(XFERCFGO) to 0x1C00 4518 (XFERCFG17)) bit description

Bit Symbol Value Description Reset
Value
9:8 WIDTH Transfer width used for this DMA channel. 0

0x0 8-bit transfers are performed (8-bit source reads and destination writes).

ox1 16-hit transfers are performed (16-bit source reads and destination writes).

0x2 32-bit transfers are performed (32-bit source reads and destination writes).

0x3 Reserved setting, do not use.
11:10 - Reserved. Read value is undefined, only zero should be written. NA
13:12 SRCINC Determines whether the source address is incremented for each DMA transfer. 0

0x0 No increment. The source address is not incremented for each transfer. This is the
usual case when the source is a peripheral device.

ox1 1 x width. The source address is incremented by the amount specified by Width for
each transfer. This is the usual case when the source is memory.

0x2 2 x width. The source address is incremented by 2 times the amount specified by
Width for each transfer.

0x3 4 x width. The source address is incremented by 4 times the amount specified by
Width for each transfer.

15:14 DSTINC Determines whether the destination address is incremented for each DMA transfer. 0

0x0 No increment. The destination address is not incremented for each transfer. This is
the usual case when the destination is a peripheral device.

ox1 1 x width. The destination address is incremented by the amount specified by Width
for each transfer. This is the usual case when the destination is memory.

0x2 2 x width. The destination address is incremented by 2 times the amount specified
by Width for each transfer.

0x3 4 x width. The destination address is incremented by 4 times the amount specified
by Width for each transfer.

25:16 XFERCOUNT Total number of transfers to be performed, minus 1 encoded. The number of bytes 0
transferred is: (XFERCOUNT + 1) x data width (as defined by the WIDTH field).

Remark: The DMA controller uses this bit field during transfer to count down.
Hence, it cannot be used by software to read back the size of the transfer, for
instance, in an interrupt handler.

0x0 = a total of 1 transfer will be performed.
0x1 = a total of 2 transfers will be performed.

0x3FF = a total of 1,024 transfers will be performed.
31:26 - Reserved. Read value is undefined, only zero should be written. NA

13.7 Functional description

13.7.1 Trigger operation

A trigger of some kind is always needed to start a transfer on a DMA channel. This can be
a hardware or software trigger, and can be used in several ways.
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If a channel is configured with the SWTRIG bit equal to 0, the channel can be later
triggered either by hardware or software. Software triggering is accomplished by writing a
1 to the appropriate bit in the SETTRIG register. Hardware triggering requires setup of the
HWTRIGEN, TRIGPOL, TRIGTYPE, and TRIGBURST fields in the CFG register for the
related channel. When a channel is initially set up, the SWTRIG bit in the XFERCFG
register can be set, causing the transfer to begin immediately.

Once triggered, transfer on a channel will be paced by DMA requests if the
PERIPHREQEN bit in the related CFG register is set. Otherwise, the transfer will proceed

at full speed.

The TRIG bit in the CTLSTAT register can be cleared at the end of a transfer, determined
by the value CLRTRIG (bit 0) in the XFERCFG register. When a 1 is found in CLRTRIG,
the trigger is cleared when the descriptor is exhausted.
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14.1 How to read this chapter

The SCTIPU is available on all parts.

14.2 Features

The SCTIPU pre-processes inputs to the State-Configurable Timers (SCT).

* Four outputs created from a selection of input transitions. Each output can be used as
abort input to the SCTs or for any other application which requires a collection of
multiple SCT inputs to trigger an identical SCT response.

* Four registers to indicate which specific input sources caused the abort input to the
SCTs.

* Four additional outputs which can be sampled at certain times and latched at others
before being routed to SCT inputs.

¢ Nine abort inputs. Any combination of the abort inputs can trigger the dedicated abort
input of each SCT.

14.3 Basic configuration

Configure the SCTIPU as follows:

* Use the SYSAHBCLKCTRLZ1 register (Table 51) to enable the clock to the SCTIPU
registers interface.

¢ Clear the SCTIPU peripheral reset using the PRESETCTRLL1 register (Table 36).

¢ Select the SCTIPU sample inputs from external pins and the comparator outputs. See
Table 193 and Figure 24.

¢ Select the abort inputs from the SCT_ABORT pins via the switch matrix, the SCTO
output SCTO_OUT?9, the ADC threshold compare interrupts, or the comparator
outputs. See Table 197.

* SCTIPU outputs are connected to the SCT inputs and selected through the SCT input
mux registers. See Table 193.
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SCTO/1/2/3 output 5 —»

pins —»
ACMPI0:3] outputs —»

pins SWM

SCTO output 9 —>
ACMPI[0:3] outputs —»
ADCO/1 interrupts —>

Fig 23. SCTIPU connections

—-| SCTO INPUT MUX |
SCTIPU —-| SCT1 INPUT MUX |
SAMPLE —-| SCT2 INPUT MUX |
—-| SCT3 INPUT MUX |
—-| SCTO INPUT MUX |
igglngJ —-| SCT1 INPUT MUX |
—] |
] |

SCT2 INPUT MUX

SCT3 INPUT MUX
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14.3.1 SCTIPU to SCT connections
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Fig 24. SCTIPU to SCT connections
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Table 193. SCTIPU sample sub-module pin description

Function 110
SAMPLE_IN_AO [

SAMPLE_IN_BO [

SAMPLE_IN_A1 [

SAMPLE_IN_B1 |

SAMPLE_IN_A2 [

SAMPLE_IN_B2 |

SAMPLE_IN_A3 [

SAMPLE_IN_B3 [

SAMPLE_ENABLE_A |

SAMPLE_ENABLE_B |

SAMPLE_ENABLE_C |

SAMPLE_ENABLE_D |

SAMPLE_OUTO (0]

UM10736

Type
external
to pin

internal

external
to pin

internal

external
to pin

internal

external
to pin

internal

internal

internal

internal

internal

internal

Connect to
PIO0_14

ACMPO_O out

PIO0_25

ACMP1_O out

PIO1_11

ACMP2_0O out

PIO1_26

ACMP3_O out

SCTO_OUT5

SCT1_OUT5

SCT2_0OUT5S

SCT3_OUT5

SCTO_INMUX[0:6],
SCT1_INMUX[0:6],
SCT2_INMUX[0:2],
SCT3_INMUX[0:2]

All information provided in this document is subject to legal disclaimers.

Use register
SAMPLE_CTRL

SAMPLE_CTRL

SAMPLE_CTRL

SAMPLE_CTRL

SAMPLE_CTRL

SAMPLE_CTRL

SAMPLE_CTRL

SAMPLE_CTRL

SCTn_INMUXm

Reference Description

Table 196

Table 196

Table 196

Table 196

Table 196

Table 196

Table 196

Table 196

Table 127,
Table 128,
Table 129,
Table 130

Input source for channel 0
to be routed to output
channel 0.

Input source for channel 0
to be routed to output
channel 0.

Input source for channel 1
to be routed to output
channel 1.

Input source for channel 1
to be routed to output
channel 1.

Input source for channel 2
to be routed to output
channel 2.

Input source for channel 2
to be routed to output
channel 2.

Input source for channel 3
to be routed to output
channel 3.

Input source for channel 3
to be routed to output
channel 3.

Latch/sample enable
control input.

Latch/sample enable
control input.

Latch/sample enable
control input.

Latch/sample enable
control input.

Latched/sampled output
channel 0.
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Table 193. SCTIPU sample sub-module pin description

Function
SAMPLE_OUT2

SAMPLE_OUT3

SAMPLE_OUT4

/1O Type Connect to Use register Reference Description

(0] internal  SCTO_INMUX[0:6], SCTn_INMUXm  Table 127, Latched/sampled output
SCT1_INMUX]O0:6], Table 128, channel 1.
SCT2_INMUX][0:2], Table 129,
SCT3_INMUX[0:2] Table 130

(0] internal  SCTO_INMUX[0:6], SCTn_INMUXm  Table 127, Latched/sampled output
SCT1_INMUX]0:6], Table 128, channel 2
SCT2_INMUX][0:2], Table 129,
SCT3_INMUX[0:2] Table 130

(0] internal  SCTO_INMUX[0:6], SCTn_INMUXm  Table 127, Latched/sampled output

SCT1_INMUX[0:6],
SCT2_INMUX[0:2],
SCT3_INMUX[0:2]

Table 128, channel 3.
Table 129,
Table 130

Table 194. SCTIPU abort sub-module pin description

Function
ABORT_IN[0:8]

ABORT_OUTO
ABORT_OUT1
ABORT_OUT?2
ABORT_OUT3

/10 Type Connected to

| internal ~ Any combination of  Table 197, - Inputs to abort channels 0
or comparator outputs, Table 198 to 3.
external  ADC threshold
to pins compare outputs,
SCT outputs, and
abort pin inputs
through switch
matrix
PINASSIGN10.

internal  SCTO_INMUX[0:6]  SCTO_INMUXm
internal  SCT1_INMUX][0:6], SCT1_INMUXm
internal  SCT2_INMUX[0:2]  SCT2_INMUXm
internal  SCT3_INMUX[0:2] SCT3_INMUXm

Use register Reference Description

Table 127  SCTIPU abort output 0.
Table 128 SCTIPU abort output 1.
Table 129  SCTIPU abort output 2.
Table 130 SCTIPU abort output 3.

O O 0O

14.5 General description

14.5.1

UM10736

The SCTIPU is a companion block to the State Configurable Timers (SCTs), useful
predominantly when the SCTs are employed in control systems such as motor or power
control. The SCTIPU performs certain pre-processing on a selection of input signals
before they are passed-on as inputs to the various SCTs. The SCTIPU itself is comprised
of a SAMPLE sub-module and four ABORT sub-modules.

Abort sub-modules

The ABORT sub-module is essentially an AND-OR structure. Nine input sources are
shared among the four ABORT sub-modules. Each of these modules has a 9-bit enable
register which can be programmed to enable one or more of the nine inputs to contribute
to the ORed output from that particular sub-module. The four outputs are then routed to
inputs on the four SCTs.
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This module is useful whenever a collection of multiple input sources trigger exactly the
same response in an SCT. Combining these input sources into a single SCT input
eliminates the need to waste multiple inputs and tie-up multiple events in order to
generate the same SCT reaction. A typical use of these inputs is to trigger SCT events
which implement an emergency shut-down procedures (hence the name ABORT).

Sample sub-module

This sub-module provides a set of latches which allow four SCT inputs to be sampled at
certain times and latched at others. Each of the four outputs from this module have two
alternative input sources and four alternative latch/sample-enable signals. It is also
possible to override latching on any of the four outputs and force its latch into transparent
mode.

The primary purpose of this module is to block signals from being passed-on to the SCT
inputs during periods when they are known to be invalid (eg. during switching). The four
latch/sample-enable inputs are driven by SCT outputs.

14.6 Register description

Table 195. Register overview: SCTIPU (base address 0x400B 8000)

Name

SAMPLE_CTRL

ABORT_ENABLEO

ABORT_SOURCEO

ABORT_ENABLE1

ABORT_SOURCE1

ABORT_ENABLE2

ABORT_SOURCE2

ABORT_ENABLE3

ABORT_SOURCE3

Access Address Description Reset  Reference
offset value
R/W 0x000 SCTIPU sample control register. Contains the input 0 Table 196

mux selects, latch/sample-enable mux selects, and
sample override bits for the SAMPLE module.

R/W 0x020 SCTIPU abort enable 0 register: Selects which input 0
source contributes to ORed Abort Output 0.
R/W 0x024 SCTIPU abort source O register: Status register 0

indicating which input source caused abort output O.

R/W 0x040 SCTIPU abort enable 1 register: Selects which input 0
source contributes to ORed Abort Output 1.

R/W 0x044 SCTIPU abort source 1 register: Status register 0
indicating which input source caused abort output 1.

R/W 0x060 SCTIPU abort enable 2 register: Selects which input 0
source contributes to ORed Abort Output 2.

R/W 0x064 SCTIPU abort source 2 register: Status register 0
indicating which input source caused abort output 2.

R/W 0x080 SCTIPU abort enable 3 register: Selects which input 0
source contributes to ORed Abort Output 1.

R/W 0x084 SCTIPU abort source 3 register: Status register 0

indicating which input source caused abort output 3.
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14.6.1 SCTIPU Sample control register

Table 196: SCTIPU Sample control register (SAMPLE_CTRL, address 0x400B 8000) bit description

Bit Symbol Value Description Reset

0 INOSEL

1 INISEL

2 IN2SEL

3 IN3SEL

5:4 SAMPLE_ENOSEL

0x0

Ox1

0x2

0x3

7:6 SAMPLE_ENI1SEL

0x0

Ox1

0x2

0x3

UM10736

value
Select SCTIPU input source for output channel 0. 0
SAMPE_IN_AOQ. Select input SAMPLE_IN_AO.
SAMPE_IN_BO. Select input SAMPLE_IN_BO.
Select SCTIPU input source for output channel 1. 0
SAMPE_IN_AL. Select input SAMPLE_IN_AL.
SAMPE_IN_BL1. Select input SAMPLE_IN_B1.
Select SCTIPU input source for output channel 2. 0
SAMPE_IN_A2. Select input SAMPLE_IN_AZ2.
SAMPE_IN_B2. Select input SAMPLE_IN_B2.
Select. SCTIPU input source for output channel 3. 0
SAMPE_IN_AS3. Select input SAMPLE_IN_A3.
SAMPE_IN_B3. Select input SAMPLE_IN_BS3.

Select the sample enable input as the latch/sample-enable control for the 0
Sample_Output(0) latch. Depending on the value of the corresponding
LATCHnN_EN bit, this latch is transparent when the LATCHn_EN bit is 1 or

latched when the LATCHnN_EN bit is 0.

Selects Sample_Enable_A as the latch/sample-enable control for the
Sample_Output(0) latch.

Selects Sample_Enable_B as the latch/sample-enable control for the
Sample_Output(0) latch.

Selects Sample_Enable_C as the latch/sample-enable control for the
Sample_Output(0) latch.

Selects Sample_Enable_D as the latch/sample-enable control for the
Sample_Output(0) latch.

Select the sample enable input as the latch/sample-enable control for the 0
Sample_Output(1) latch. Depending on the value of the corresponding
LATCHnN_EN bit, this latch is transparent when the LATCHn_EN bit is 1 or

latched when the LATCHNn_EN bit is 0.

Selects Sample_Enable_A as the latch/sample-enable control for the
Sample_Output(1) latch.

Selects Sample_Enable_B as the latch/sample-enable control for the
Sample_Output(1) latch.

Selects Sample_Enable_C as the latch/sample-enable control for the
Sample_Output(1) latch.

Selects Sample_Enable_D as the latch/sample-enable control for the
Sample_Output(1) latch.
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Table 196: SCTIPU Sample control register (SAMPLE_CTRL, address 0x400B 8000) bit description ...continued

Bit Symbol Value Description Reset
value
9:8 SAMPLE_EN2SEL Select the sample enable input as the latch/sample-enable control for the 0

0x0

0ox1

0x2

0x3

11:10 SAMPLE_EN3SEL

0x0

Ox1

0x2

0x3

12 LATCHENO

13 LATCHEN1

14 LATCHEN2

UM10736

Sample_Output(2) latch. Depending on the value of the corresponding
LATCHnN_EN bit, this latch is transparent when the LATCHn_EN bit is 1 or
latched when the LATCHn_EN bit is 0.

Selects Sample_Enable_A as the latch/sample-enable control for the
Sample_Output(2) latch.

Selects Sample_Enable_B as the latch/sample-enable control for the
Sample_Output(2) latch.

Selects Sample_Enable_C as the latch/sample-enable control for the
Sample_Output(2) latch.

Selects Sample_Enable_D as the latch/sample-enable control for the
Sample_Output(2) latch.

Select the sample enable input as the latch/sample-enable control for the 0
Sample_Output(3) latch. Depending on the value of the corresponding
LATCHnN_EN bit, this latch is transparent when the LATCHn_EN bit is 1 or

latched when the LATCHn_EN bit is 0.

Selects Sample_Enable_A as the latch/sample-enable control for the
Sample_Output(3) latch.

Selects Sample_Enable_B as the latch/sample-enable control for the
Sample_Output(3) latch.

Selects Sample_Enable_C as the latch/sample-enable control for the
Sample_Output(3) latch.

Selects Sample_Enable_D as the latch/sample-enable control for the
Sample_Output(3) latch.

Enable latch for output channel 0. 0

Transparent mode. Sample_Output(0) latch is forced into transparent mode. The
selected Sample_Input is passed directly through to Sample_Output(0). The
sample-enable control line selected for this latch has no effect.

Latched mode. The Sample_Output(0) latch is operational and will sample or
latch based on the state of the selected sample-enable control signal.

Enable latch for output channel 1. 0

Transparent mode. Sample_Output(1) latch is forced into transparent mode. The
selected Sample_Input is passed directly through to Sample_Output(1). The
sample-enable control line selected for this latch has no effect.

Latched mode. The Sample_Output(1) latch is operational and will sample or
latch based on the state of the selected sample-enable control signal.

Enable latch for output channel 2. 0

Transparent mode. Sample_Output(2) latch is forced into transparent mode. The
selected Sample_Input is passed directly through to Sample_Output(2). The
sample-enable control line selected for this latch has no effect.

Latched mode. The Sample_Output(2) latch is operational and will sample or
latch based on the state of the selected sample-enable control signal.
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Table 196: SCTIPU Sample control register (SAMPLE_CTRL, address 0x400B 8000) bit description ...continued

Bit Symbol Value Description Reset
value
15 LATCHENS Enable latch for output channel 3. 0
0 Transparent mode. Sample_Output(3) latch is forced into transparent mode. The

selected Sample_Input is passed directly through to Sample_Output(3). The
sample-enable control line selected for this latch has no effect.

1 Latched mode. The Sample_Output(3) latch is operational and will sample or
latch based on the state of the selected sample-enable control signal.

31:16 Reserved, user software should not write ones to reserved bits. The value read NA
from a reserved bit is not defined.

14.6.2 SCT Abort enable registers 0 to 3

For each of the four abort sub-modules, this register selects which input sources will be
enabled to contribute to the ORed output.

Table 197: SCTIPU Abort enable register (ABORT_ENABLE[0:3], address 0x400B 8020 (ABORT_ENABLEOQ) to
0x400B 8080 (ABORT_ENABLERJ)) bit description

Bit Symbol Value Description Reset
value

0 ENAO Enable abort source SCT_ABORTO. Select pin from switch matrix. 0
0 Disabled.
Enabled.

1 ENA1 Enable abort source SCT_ABORTL1. Select pin from switch matrix. 0
0 Disabled.
Enabled.

2 ENA2 Enable abort source SCT0O_OUTO9. 0
0 Disabled.
Enabled.

3 ENA3 Enable abort source ADCO_THCMP_IRQ. 0
0 Disabled.
Enabled.

4 ENA4 Enable abort source ADC1_THCMP_IRQ. 0
0 Disabled.
Enabled.

5 ENA5 Enable abort source ACMPO_O output. 0
0 Disabled.
Enabled.

6 ENA6 Enable abort source ACMP1_0O output. 0
0 Disabled.
Enabled.

7 ENA7 Enable abort source ACMP2_0 output. 0
0 Disabled.
Enabled.
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Table 197: SCTIPU Abort enable register (ABORT_ENABLE[0:3], address 0x400B 8020 (ABORT_ENABLEDO) to
0x400B 8080 (ABORT_ENABLED3)) bit description ...continued

Bit Symbol Value Description Reset
value
8 ENAS8 Enable abort source ACMP3_0 output. 0
0 Disabled.
Enabled.
31:9 Reserved, user software should not write ones to reserved bits. The value read NA

from a reserved bit is not defined.

14.6.3 SCT Abort source registers 0to 3

For each sub-module, this status register indicates which one (or more) abort inputs
occurred to cause the abort output to be activated.

Remark: The accuracy of the Abort Source Status register is not guaranteed under all
conditions. If an abort-enabled input is applied for a relatively short period of time, it is
possible that it may be captured in this register even if it wasn’t sustained long enough to
actually be recognized as a valid input by the SCT.

Table 198: SCTIPU Abort source register (ABORT_SOURCE[0:3], address 0x400B 8024 (ABORT_SOURCEDO) to
0x400B 8084 (ABORT_SOURCER3)) bit description

Bit Symbol Value Description Reset
value
0 ACTO Source SCT_ABORTO activated. This bit is set by hardware when the source is 0

active. Write 0 to clear. This function can be assigned to any pin via the
PINASSIGN10 register in the switch matrix.

0 Not activated.
Activated.

1 ACT1 Source SCT_ABORTL1 activated. This bit is set by hardware when the source is 0
active. Write 0 to clear. This function can be assigned to any pin via the
PINASSIGN10 register in the switch matrix.

0 Not activated.
Activated.

2 ACT2 Source SCTO_OUT9 activated. This bit is set by hardware when the sourceis 0
active. Write O to clear.

0 Not activated.
Activated.

3 ACT3 Source ADCO_THCMP_IRQ activated. This bit is set by hardware when the 0
source is active. Write 0 to clear.

0 Not activated.
Activated.

4 ACT4 Source ADC1_THCMP_IRQ activated. This bit is set by hardware when the 0
source is active. Write 0 to clear.

0 Not activated.
Activated.
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Table 198: SCTIPU Abort source register (ABORT_SOURCE[0:3], address 0x400B 8024 (ABORT_SOURCEDQO) to
0x400B 8084 (ABORT_SOURCES3J)) bit description ...continued

Bit Symbol Value Description Reset
value
5 ACT5 Source ACMPO_O output activated. This bit is set by hardware when the source 0
is active. Write O to clear.
0 Not activated.
Activated.
6 ACT6 Source ACMP1_0O output activated. This bit is set by hardware when the source 0
is active. Write O to clear.
0 Not activated.
Activated.
7 ACT7 Source ACMP2_0 output activated. This bit is set by hardware when the source 0
is active. Write O to clear.
0 Not activated.
Activated.
8 ACT8 Source ACMP3_0 output activated. This bit is set by hardware when the source 0
is active. Write O to clear.
0 Not activated.
Activated.
31:9 Reserved, user software should not write ones to reserved bits. The value read NA

from a reserved bit is not defined.
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15.1 How to read this chapter

15.2 Features

The large SCTs are available on all parts.

The SCTO and SCT1 outputs #7 cannot be connected to external pins on the LQFP48 and
LQFP64 packages. (They are available for internal connections.)

UM10736

The following feature list summarizes the configuration for the two large SCTs. Each large
SCT has a companion small SCT (see Section 16.2) with fewer inputs and outputs and a
reduced feature set.

* Each SCT supports:

16 match/capture registers

16 events

16 states

Match register 0 to 5 support a fractional component for the dither engine
8 inputs and 10 outputs

* Counter/timer features:

Configurable as two 16-bit counters or one 32-bit counter.
Counters clocked by bus clock or selected input.
Up counters or up-down counters.

Configurable number of match and capture registers. Up to 16 match and capture
registers total.

Upon match create the following events: interrupt, stop, limit timer or change
direction; toggle outputs.

Counter value can be loaded into capture register triggered by match or
input/output toggle.

* PWM features:

Counters can be used in conjunction with match registers to toggle outputs and
create time-proportioned PWM signals.

Up to 8 single-edge or dual-edge controlled PWM outputs with independent duty
cycles and common PWM cycle length.

* Event creation features:

The following conditions define an event: a counter match condition, an input (or
output) condition, a combination of a match and/or and input/output condition in a
specified state.

Selected events can limit, halt, start, or stop a counter.
Events control state changes, outputs, interrupts, and DMA requests.
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— Match register 0 can be used as an automatic limit.

— In bi-directional mode, events can be enabled based on the count direction.
— Match events can be held until another qualifying event occurs.

State control features:

— A state is defined by events that can take place in the state while the counter is
running.

— A state changes into another state as result of an event.

— Each event can be assigned to one or more states.

— State variable allows sequencing across multiple counter cycles.
Dither engine.

Integrated with an input pre-processing unit (SCTIPU) to combine or delay input
events.

Inputs and outputs on the SCTO and SCT1 are configured as follows:

8 inputs

— 7 inputs. Each input except input 7 can select one of 23 sources from an input
multiplexer.

— One input connected directly to the SCT PLL for a high-speed dedicated clock
input.

10 outputs (some outputs are connected to multiple locations)

— Three outputs connected to external pins through the switch matrix as movable
functions.

— Five outputs connected to external pins through the switch matrix as fixed-pin
functions.

— Two outputs connected to the SCTIPU to use as sample and abort inputs.
— One output connected to the other large SCT

— Four outputs connected to one small SCT

— Two outputs connected to each ADC trigger input

15.3 Basic configuration

UM10736

Configure the SCT as follows:

Use the SYSAHBCLKCTRL register (Table 51) to enable the clock to the SCTO0/1
registers interface and peripheral clock. The system clock is the input clock to the
SCT clock processing and is the source of the SCT clock.

Clear the SCT peripheral reset using the PRESETCTRL register (Table 36).
The SCTO0/1 combined interrupts are connected to slots #16/17 in the NVIC.

SCT inputs are selected from the SCTO0/1 input mux registers (see Table 127 and
Table 128).

Use the switch matrix to connect the SCT outputs to pins (see Table 200).

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.

User manual

Rev. 1.1 — 3 March 2014 223 of 759



NXP Semiconductors

UM10736

UM10736

Chapter 15: Large SCTimer/PWM (SCTimer0/PWM, SCTimer1/PWM)

Remark: For applications that require exact timing of the SCT outputs (for example
PWM), assign the outputs only to fixed-pin functions to ensure that the output skew is

nearly the same for all outputs.

* The SCT DMA request lines 0 and 1 are connected to the DMA trigger inputs via the
DMA_ITRIG_INMUX registers. See Table 132.

* For logically combining SCT input events for an abort function and blocking SCT
inputs for a fixed amount of time, see Section 15.3.5 “Use the SCT with the SCTIPU".

SYSCON SCTO
system clock CLOCK
PROCESSING
SCTO_IN7
IRC oscillator
SCT PLL
system oscillator
SCT1
CLOCK
SCTPLLCLKSEL
(SCT PLL clock select) PROCESSING
SCT1_IN7
——— > to SCT2/3
Fig 25. Large SCT clocking
SWM pins
pins —» >
SCT1/2 outputs — — _'I ADCO0/1 TRIGGER |
SCT IPU outputs —| gc10 [
ACMP0/1/2/3 outputs — | INPUT [ SCTo _'I SCTIPU |
: >
ADCO0/1 THCMPlnlterrupts —| MUX [ _.I SCT1 INPUT MUX |
core interrupt —
[~ —-| SCT2 INPUT MUX |
SCTPLL — | ,| DMATRIGGER
INPUT MUX
Fig 26. SCTO connections
SWM pins
. >
pins —»
SCTO/3 outputs —> — —-| ADCO0/1 TRIGGER |
SCT IPU outputs —| gcT1 >
ACMPO/1/2/3 outputs —> [ INPUT [ scT _'l SCTIPU |
. —>|
ADCO0/1 THCMP |r1terrupts —| MUX N __l SCTO INPUT MUX |
core interrupt —
N
—-l SCT3 INPUT MUX |
SCTPLL —» DMA TRIGGER
INPUT MUX

Fig 27. SCT1 connections
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15.3.1 SCT inputs and outputs

Each of the SCT inputs has a pre-selector that can select one of 23 possible input signals
(SCT input mux). The input signals are numbered 0 to 22 (see Figure 28), and the signal
number is programmed in the SCTO_INMUXn or SCT1_INMUXn register for any
particular input:

SCTO inputs are selected through input muxes SCTO_INMUX|0:6]. See Table 127.
SCT1 inputs are selected through input muxes SCT1_INMUXJ0:6]. See Table 128.

One SCT input (SCT_IN7) is dedicated to the high-speed clock signal generated by the
SCT PLL in the CGU (see Figure 3 and Section 3.6.44).

Each large SCT has 10 outputs. Eight outputs are connected to external pins through the
switch matrix. Some outputs are routed to the other SCT blocks, to the ADC trigger inputs,
and to the SCTIPU. An SCT output can be routed to multiple places.

external

pins

large SCT1
output 4

small SCT2
output 5:4
ADCO_THCMP
ADC1_THCMP
ACMP[3:0]_OUT
SCT IPU
DEBUG

CGU SCT PLL

Fig 28. SCTO inputs and outputs

7:0
ol g
10:9 g
L1 2o
12 I
: 2
16:13 | 5
8 2117 | @ 0
—_——
R—~ 22 >
e 1
2
3 SWITC
> WITCH 76 external
2 4
. MATRIX 7% pins
6 »
: 7
4
L]
5
7
7 SCT1_INMUX[6:0]
SCT0 3
SCT2_INMUX[2:0]
» SCTIPU
70 ‘%;. SCT2_INMUX[2:0]
8 © ADC1 TRIGGER
109 | %
| = 3 -
Zls SCT2_INMUX[2:0]
2| J
; 2 ADCO TRIGGER
16:13 | 5
2117 | @ s 3
2 | SCT2_INMUX[2:0]
9
— » ADCO TRIGGER
; ‘—» ADC1 TRIGGER
L SCTIPUABORT_IN2
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7.0
8
9| 8
10:9 >
11 z|,
12 I
: P
16:13 | 5
external 8 2147 | @ 0
>
Y R—F 22
pins e 1
large SCTO 2
output 4 — 3
SWITCH ternal
small SCT3 2 4 76 ex
output 5:4 5 MATRIX +‘|Z| pins
ADCO_THCMP 6
.
ADC1_THCMP Z . 7 .
ACMPJ[3:0]_OUT .
scTiPU —2
DEBUG 7
SCTO_INMUX[6:0]
SCT1 3
SCT3_INMUX[2:0]
3 SCT IPU
7:0 ‘ﬁ;’ SCT3_INMUX[2:0]
8| o 3
09| X t SCT3_INMUX[2:0]
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11 =6
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|
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5 9
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Fig 29. SCT1 inputs and outputs
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15.3.2 Connections between large and small SCTs

One large and one small SCT can be chained together through their inputs and outputs.

Each large SCT has one associated small SCT. The two SCTs are connected through the
three outputs of the large SCT and the input pin muxes of the small SCT. Two outputs of

the small SCT are connected back to the input pin muxes of the associated large SCT.

In addition, each large SCT has one output connected to the other large SCT. The small
SCTs are not connected to each other.

70| R
8 2 o
S 70| X
10:9 | 2 - 2
o 8,1 2 |9, 3.
221 B 109 [ =
@] d RS
— ) 2211 | 4
BN — O
R %} 5
L]
—— — L B SCT1| 6
. ——>
7.0 % hd 87 o
8 . ©
= 70| x
10:9 ZI ) g 6 9_.
2211 | 109] 2 ’
= 55
%) 2211 | 2
S— — [8)
[}
7
—_—
3.0 %
— 41=
5 2
- —
76 | N 30 |
o8| b 2 7|3
208 | 9 — 415]o 3.0
L] 5 Z
L] > I
o 7:6 ®
3.0 N 208 | Q .
U 813 54 2
4l 2 — L SCT3
51 2 .
7:6 ﬁ' 30 [ o
208 | © 4| 3512,
81 8 =
512
. |
76 | o
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Fig 30. SCT chaining
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15.3.3 Connections between the SCTs and the ADC trigger inputs
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Fig 31. SCT to ADC connections
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15.3.4 Use the SCT as a simple timer

To configure the SCT as a simple timer with match or capture functionality, follow these

steps:

1. Set up the SCT as one 32-bit timer or one or two 16-bit timers. See Table 202.

2. Preload the 32-bit timer or the 16-bit timers with a count value. See Table 209.

3. If you want to create a match event when the timer reaches a match value:

a.

b
C.
d

Configure the register map for match registers. See Table 212.

. Configure one or more match registers with a match value. See Table 222.

For each match value, create a match event. See Table 229.

. If you want to create an interrupt on a match event, enable the event for interrupt.

See Table 219.

If you want to create a match output on a pin, connect the SCTn_OUTn function to
a pin (see Section 15.4) and select an output for the match event in the EVn_CTRL
register. See Table 229. The EVn_CTRL registers also control what type of output
signal is created.

4. If you want to capture a timer value on a capture signal:

a.
b.

C.

Configure the register map for capture registers. See Table 212.
Create one or more capture events. See Table 229.

Connect the SCT_IN functions to pins (see Section 15.4) and configure the signal
to create an event. See Table 229.

5. Start the timer by writing to the CRTL register. See Table 203.
6. Read the capture registers to read the timer value at the time of the capture events.
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Use the SCT with the SCTIPU
The SCTIPU provides a pre-processing unit for the SCT inputs for two purposes:

¢ Combine signal transitions to one transition that always generates the same SCT
response. An example is aborting an SCT operation. See Section 14.5.1

* Provide latched inputs so that signals can be blocked for some fixed time before being
passed on to the SCT inputs. See Section 14.5.2.

Abort function

A set of transitions on the SCT_ABORT pins, the ADC threshold compare outputs, the
comparator outputs, or the SCTO output 9 can be logically combined in the SCTIPU so
that any transition in the set triggers the same SCT response. The pre-processing
replaces many individual signal transitions from multiple SCT inputs by one transition
monitored on one input.

Remark: Signals on the SCT_ABORT pins must be active HIGH or rising edge and the
SCTO_OUT9 output must also be configured for active HIGH/rising edge if used. The
ADC interrupts and the comparator outputs are active HIGH.

To set up an abort function for SCTO on input 5 SCTO_IN5, follow these steps:

1. In the SCTIPU ABORT_ENABLEDQO register, enable one or more inputs. Any
LOW-HIGH transition on the enabled input produces a rising edge on the output of the
abort module 0.

2. If you want to use the SCT_ABORTO0/SCT_ABORT1 pin function, connect pin
functions to a pin using the switch matrix PINASSIGN10 register.

3. Inthe SCTO_INMUXS5 register, select the SCTIPU_ABORT input (#17).

4. Setup the SCTO by defining SCTO_IN5 as rising edge or HIGH input and configure an
event that is triggered on SCTO_IN5. There are many possible actions in response to
this event:

— Stop counting.
— Change the count direction.
— Force any of the SCTO outputs HIGH or LOW.

Remark: The same procedure can be used for applications other than an abort whenever
an SCT response to a fixed set of input transitions is required.

15.4 Pin description

UM10736

See Section 8.3.1 “Connect an internal signal to a package pin” to assign the SCT
functions to external pins.

Remark: For applications that require exact timing of the SCT outputs (for example
PWM), assign the outputs only to fixed-pin functions to ensure that the output skew is
nearly the same for all outputs.

All SCT input signals are selected through the input mux except for input 7 which is
connected to the SCT PLL output. The signals from the external pins selected in the input
mux registers are connected directly to the SCT inputs and not routed through the switch
matrix.
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SCT outputs are routed to multiple places and can be connected to pins and inputs of the
other SCTs, SCTIPU, and ADC triggers at the same time.

Table 199. SCTO/1 pin description (inputs)

Function Type Connect to Use register Reference
SCTO_IN[0:6] external to pins one of the following: SCTO_INMUX]0:6] Table 127
or internal 8 pins, SCT1_OUT4,
SCT2_OUT[5:4],
ADCO_THCMP_IRQ,
ADC1_THCMP_IRQ,
ACMP_OUTI3:0],
SCT_IPU outputs,
DEBUG_HALTED
SCTO_IN7 internal SCT PLL output n/a -
SCT1_IN[0:6] external to pins one of the following: SCT1_INMUX[0:6] Table 128
or internal 8 pins, SCT0_OUT4,
SCT3_OUT[5:4],
ADCO_THCMP_IRQ,
ADC1_THCMP_IRQ,
ACMP_OUT[3:0],
SCT_IPU outputs,
DEBUG_HALTED
SCT1_IN7 internal SCT PLL output n/a -
Table 200. SCTO/1 pin description (outputs)
Function Type Connect to Use register Reference
SCTO0_OUT[0:2] external to pin  any pin PINASSIGN7 Table 114
SCTO0_OUT3 external to pin ~ PIOO_0 PINENABLE1 Table 124
SCT0_OuUT4 external to pin  PIO0_1 PINENABLE1 Table 124
internal SCT1 input mux SCT1_INMUX][6:0] Table 128
internal SCT2 input mux SCT2_INMUX][2:0] Table 129
SCTO_OUT5 external to pin  PIO0_18 PINENABLE1 Table 124
internal SCTIPU - -
internal SCT2 input mux SCT2_INMUX][2:0] Table 129
SCTO0_OUT6 external to pin  PIO0_24 PINENABLE1 Table 124
internal ADCL trigger SEQ_A,SEQ_B Table 437,
Table 438
internal SCT2 input mux SCT2_INMUX][2:0] Table 129
internal ADCO trigger SEQ_A,SEQ_B Table 437,
Table 438
SCTO0_OUT7 external to pin  PIO1_14 PINENABLE1 Table 124
internal ADCO trigger SEQ A, SEQ B Table 437,
Table 438
internal SCT2 input mux SCT2_INMUX][2:0] Table 129
SCTO0_OUTS8 external to pin  n/a n/a -
internal SCT2 input mux SCT2_INMUX][2:0] Table 129
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Table 200. SCTO/1 pin description (outputs)

Function
SCTO_OUT9

SCT1_OUT[0:2]

SCT1_OUT3
SCT1_OUT4

SCT1_OUT5

SCT1_OUT6
SCT1_OUT7

SCT1_OuUT8

SCT1_OUT9

Type
external to pin
internal

internal

internal
external to pin
external to pin
external to pin
internal
internal
external to pin
internal
internal
external to pin
external to pin
internal
internal

external to pin
internal

internal

external to pin
internal

internal

Connect to
n/a
ADCO trigger

ADCL trigger

Use register
n/a
SEQ_A, SEQ_B

SEQ_A, SEQ B

SCTIPU abort input 2 ABORT_ENABLE

any pin

PIO0_2

PIO0_3

SCTO input mux
SCT3 input mux
PIO0_14
SCTIPU

SCT3 input mux
PIO0_20
PIO1_17
SCT3_INMUX][2:0]
ADCO trigger

n/a
SCT3_INMUX[2:0]
ADCI1 trigger

n/a
ADCO trigger

ADCL trigger

PINASSIGN8
PINENABLE1
PINENABLE1
SCTO_INMUX[6:0]
SCT3_INMUX[2:0]
PINENABLE1
SCT3_INMUX[2:0]
PINENABLE1
PINENABLE1
SCT3_INMUX[2:0]
SEQ_A, SEQ B

SCT3_INMUX[2:0]
SEQ_A, SEQ B

SEQ_A, SEQ B

SEQ_A, SEQ B

Reference

Table 437,
Table 438

Table 437,
Table 438

Table 197
Table 114
Table 124
Table 124
Table 127
Table 130
Table 124
Table 130
Table 124
Table 124
Table 130

Table 437,
Table 438

Table 130

Table 437,
Table 438

Table 437,
Table 438

Table 437,
Table 438

UM10736

The State Configurable Timer (SCT) allows a wide variety of timing, counting, output
modulation, and input capture operations.

The most basic user-programmable option is whether a SCT operates as two 16-bit
counters or a unified 32-bit counter. In the two-counter case, in addition to the counter
value the following operational elements are independent for each half:

¢ State variable

¢ Limit, halt, stop, and start conditions

¢ Values of Match/Capture registers, plus reload or capture control values

In the two-counter case, the following operational elements are global to the SCT:

* Clock selection
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¢ Inputs
¢ Events
¢ OQutputs

* Interrupts

Events, outputs, and interrupts can use match conditions from either counter.

Remark: In this chapter, the term bus error indicates an SCT response that makes the
processor take an exception.

system clock —

inputs  —

clock
processing

— SCT clock

synced inputs

=

prescaler(s)

L]

v

control match event
logic [ counter(s) logic | generation outputs -
match/ state
capture logic
registers
i ® interrupts |y
Fig 32. SCT block diagram
| SCTclock
system clock —
clock logic ——® input edges
inputs preClock
CLKMODE CKSEL INSYNC
svents > o| prescaler
*—
LIMIT_H mux H counter
F select H - H counter
LIMIT_L .
] Unified
counter
STOP_H, START_H, HALT H — prescaler
mux [ L ]
counter
STOP_L, START L, HALT L f select L [® Lcounter
CTRL_H ——
mux
CTRL_L f

UM10736

Fig 33. SCT counter and select logic
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Chapter 15: Large SCTimer/PWM (SCTimer0/PWM, SCTimer1/PWM)

The register addresses of the State Configurable Timer are shown in Table 201. For most
of the SCT registers, the register function depends on the setting of certain other register

bits:

1. The UNIFY bit in the CONFIG register determines whether the SCT is used as one

32-bit register (for operation as one 32-bit counter/timer) or as two 16-bit

counter/timers named L and H. The setting of the UNIFY bit is reflected in the register

map:

— UNIFY = 1: Only one register is used (for operation as one 32-bit counter/timer).

— UNIFY = 0: Access the L and H registers by a 32-bit read or write operation or can
be read or written to individually (for operation as two 16-bit counter/timers).

Typically, the UNIFY bit is configured by writing to the CONFIG register before any
other registers are accessed.

The REGMODER bits in the REGMODE register determine whether each set of
Match/Capture registers uses the match or capture functionality:

— REGMODER = 1: Registers operate as match and reload registers.

— REGMODER = 0: Registers operate as capture and capture control registers.

Table 201. Register overview: State Configurable Timer (base address 0x1C01 8000 (SCT0) and 0x1C01 C0O00

Name Access Address Description Reset value Reference

offset
CONFIG R/W 0x000 SCT configuration register 0x0000 7E00 Table 202
CTRL R/W 0x004 SCT control register 0x0004 0004 Table 203
CTRL_L R/W 0x004 SCT control register low counter 16-bit 0x0004 0004 Table 203
CTRL_H R/W 0x006 SCT control register high counter 16-bit 0x0004 0004 Table 203
LIMIT R/W 0x008 SCT limit register 0x0000 0000 Table 204
LIMIT_L R/W 0x008 SCT limit register low counter 16-bit 0x0000 0000 Table 204
LIMIT_H R/W 0x00A SCT limit register high counter 16-bit 0x0000 0000 Table 204
HALT R/W 0x00C SCT halt condition register 0x0000 0000 Table 205
HALT_L R/W 0x00C SCT halt condition register low counter 16-bit 0x0000 0000 Table 205
HALT_H R/W 0x00E SCT halt condition register high counter 16-bit 0x0000 0000 Table 205
STOP R/W 0x010 SCT stop condition register 0x0000 0000 Table 206
STOP_L R/W 0x010 SCT stop condition register low counter 16-bit 0x0000 0000 Table 206
STOP_H R/W 0x012 SCT stop condition register high counter 16-bit 0x0000 0000 Table 206
START R/W 0x014 SCT start condition register 0x0000 0000 Table 207
START_L R/W 0x014 SCT start condition register low counter 16-bit 0x0000 0000 Table 207
START_H R/W 0x016 SCT start condition register high counter 16-bit 0x0000 0000 Table 207
DITHER R/W 0x018 SCT dither condition register Table 208
DITHER_L R/W 0x018 SCT dither condition register low counter 16-bit Table 208
DITHER_H R/W 0x01A SCT dither condition register high counter 16-bit Table 208
- - 0x01C - Reserved -

0x03C
COUNT R/W 0x040 SCT counter register 0x0000 0000 Table 209
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Table 201. Register overview: State Configurable Timer (base address 0x1C01 8000 (SCTO) and 0x1C01 C000

(SCT1)) ...continued

Name Access Address Description Reset value Reference
offset
COUNT_L R/W 0x040 SCT counter register low counter 16-bit 0x0000 0000 Table 209
COUNT_H R/W 0x042 SCT counter register high counter 16-bit 0x0000 0000 Table 209
STATE R/W 0x044 SCT state register 0x0000 0000 Table 210
STATE_L R/W 0x044 SCT state register low counter 16-bit 0x0000 0000 Table 210
STATE_H R/W 0x046 SCT state register high counter 16-bit 0x0000 0000 Table 210
INPUT RO 0x048 SCT input register 0x0000 0000 Table 211
REGMODE R/W 0x04C SCT match/capture registers mode register 0x0000 0000 Table 212
REGMODE_L R/W 0x04C SCT match/capture registers mode register low  0x0000 0000 Table 212
counter 16-bit
REGMODE_H R/W 0x04E SCT match/capture registers mode register high  0x0000 0000 Table 212
counter 16-bit
OUTPUT R/W 0x050 SCT output register 0x0000 0000 Table 213
OUTPUTDIRCTRL R/W 0x054 SCT output counter direction control register 0x0000 0000 Table 214
RES R/W 0x058 SCT conflict resolution register 0x0000 0000 Table 215
DMAREQO R/W 0x05C SCT DMA request O register 0x0000 0000 Table 216
DMAREQ1 R/W 0x060 SCT DMA request 1 register 0x0000 0000 Table 217
- - 0x064 - Reserved - -
Ox0EC
EVEN R/W 0x0FO0 SCT event enable register 0x0000 0000 Table 218
EVFLAG R/W Ox0F4 SCT event flag register 0x0000 0000 Table 219
CONEN R/W Ox0F8 SCT conflict enable register 0x0000 0000 Table 220
CONFLAG R/W OXOFC  SCT conflict flag register 0x0000 0000 Table 221
MATCHO to R/W 0x100to SCT match value register of match channels 0 to  0x0000 0000 Table 221
MATCH15 0x13C  15; REGMODO to REGMODE15 =0
MATCHO_L to R/W 0x100to SCT match value register of match channels O to 0x0000 0000 Table 221
MATCH15 L 0x13C 15; low counter 16-bit; REGMODO _L to
REGMODE15_L =0
MATCHO_H to R/W 0x102to SCT match value register of match channels 0 to  0x0000 0000 Table 221
MATCH15 H 0x13E 15; high counter 16-bit; REGMODO_H to
REGMODE15_H =0
CAPO to CAP15 R 0x100to SCT capture register of capture channel 0 to 15; 0x0000 0000 Table 224
0x13C REGMODO to REGMODE15=1
CAPO_LtoCAP15 L R 0x100to SCT capture register of capture channel 0 to 15; 0x0000 0000 Table 224
0x13C low counter 16-bit; REGMODO_L to
REGMODE15 L =1
CAPO_Hto CAP15 H R 0x102to SCT capture register of capture channel 0 to 15; 0x0000 0000 Table 224
Ox13E high counter 16-bit; REGMODO_H to
REGMODE15 H=1
FRACMATO to 5 R/W 0x140to Fractional match registers 0 to 5 for SCT match ~ 0x0000 0000 Table 223
0x154 value registers 0 to 5.
FRACMATO_L to R/W 0x140to Fractional match registers 0 to 5 for SCT match ~ 0x0000 0000 Table 223
FRACMATS L 0x154 value registers 0 to 5; low counter 16-bit.
FRACMATO_H to R/W 0x142to Fractional match registers 0 to 5 for SCT match ~ 0x0000 0000 Table 223
FRACMATS_H 0x156 value registers 0 to 5; high counter 16-bit.
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Table 201. Register overview: State Configurable Timer (base address 0x1C01 8000 (SCTO) and 0x1C01 C000

(SCT1)) ...continued

Name Access Address Description Reset value Reference
offset

MATCHRELDO to R/W 0x200to SCT match reload value register 0 to 15; 0x0000 0000 Table 225
MATCHREL15 0x23C REGMODO = 0 to REGMODE15 =0
MATCHRELO L to R/W 0x200to SCT match reload value register O to 15; low 0x0000 0000 Table 225
MATCHREL15_L 0x23C  counter 16-bit; REGMODO_L =0 to

REGMODE15 L =0
MATCHRELO_H to R/W 0x202to SCT match reload value register 0 to 15; high 0x0000 0000 Table 225
MATCHREL15_H 0x23E  counter 16-bit; REGMODO_H =0 to

REGMODE15 H=0
CAPCTRLO to R/W 0x200to SCT capture control register 0 to 15; REGMODO 0x0000 0000 Table 227
CAPCTRL15 0x23C  =1to REGMODE15=1
CAPCTRLO_L to R/W 0x200to SCT capture control register 0 to 15; low counter 0x0000 0000 Table 227
CAPCTRL15_L 0x23C  16-bit; REGMODO_L =1 to REGMODE15_L =1
CAPCTRLO_H to R/W 0x202to SCT capture control register 0 to 15; high counter 0x0000 0000 Table 227
CAPCTRL15_H 0x23E 16-bit; REGMODO = 1 to REGMODE15 = 1
FRACMATRELDO to R/W 0x240to Fractional match reload registers 0 to 5 for SCT ~ 0x0000 0000 Table 226
FRACMATRELS5 0x254 match value registers 0 to 5.
FRACMATRELO Lto R/W 0x240to Fractional match reload registers 0to 5 for SCT ~ 0x0000 0000 Table 226
FRACMATRELS5_L 0x254 match value registers 0 to 5; low counter 16-bit.
FRACMATRELO_Hto R/W 0x242to Fractional match reload registers 0 to 5 for SCT ~ 0x0000 0000 Table 226
FRACMATREL5_H 0x256 match value registers 0 to 5; high counter 16-bit.
EVO_STATE R/W 0x300 SCT event state register 0 0x0000 0000 Table 228
EVO_CTRL R/W 0x304 SCT event control register 0 0x0000 0000 Table 229
EV1_STATE R/W 0x308 SCT event state register 1 0x0000 0000 Table 228
EV1_CTRL R/W 0x30C SCT event control register 1 0x0000 0000 Table 229
EV2_STATE R/W 0x310 SCT event state register 2 0x0000 0000 Table 228
EV2_CTRL R/W 0x314 SCT event control register 2 0x0000 0000 Table 229
EV3_STATE R/W 0x318 SCT event state register 3 0x0000 0000 Table 228
EV3_CTRL R/W 0x31C SCT event control register 3 0x0000 0000 Table 229
EV4_STATE R/W 0x320 SCT event state register 4 0x0000 0000 Table 228
EV4_CTRL R/W 0x324 SCT event control register4 0x0000 0000 Table 229
EV5_STATE R/W 0x328 SCT event state register 5 0x0000 0000 Table 228
EV5_CTRL R/W 0x32C SCT event control register 5 0x0000 0000 Table 229
EV6_STATE R/W 0x330 SCT event state register 6 0x0000 0000 Table 228
EV6_CTRL R/W 0x334 SCT event control register 6 0x0000 0000 Table 229
EV7_STATE R/W 0x338 SCT event state register 7 0x0000 0000 Table 228
EV7_CTRL R/W 0x33C SCT event control register 7 0x0000 0000 Table 229
EV8_STATE R/W 0x340 SCT event state register 8 0x0000 0000 Table 228
EV8_CTRL R/W 0x344 SCT event control register 8 0x0000 0000 Table 229
EV9_STATE R/W 0x348 SCT event state register 9 0x0000 0000 Table 228
EV9_CTRL R/W 0x34C SCT event control register 9 0x0000 0000 Table 229
EV10_STATE R/W 0x350 SCT event state register 10 0x0000 0000 Table 228
EV10_CTRL R/W 0x354 SCT event control register 10 0x0000 0000 Table 229
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Table 201. Register overview: State Configurable Timer (base address 0x1C01 8000 (SCTO) and 0x1C01 C000

(SCT1)) ...continued

Name

EV1l_STATE
EV1l_CTRL
EV12_STATE
EV12_CTRL
EV13_STATE
EV13_CTRL
EV14_STATE
EV14_CTRL
EV15_STATE
EV15_CTRL
OUTO_SET
OUTO_CLR
OUT1_SET
OUT1_CLR
OUT2_SET
OUT2_CLR
OUT3_SET
OUT3_CLR
OUT4_SET
OUT4_CLR
OUT5_SET
OUT5_CLR
OUT6_SET
OUT6_CLR
OUT7_SET
OUT7_CLR
OUT8_SET
OUT8_CLR
OUT9_SET
OUT9 _CLR

Access Address Description

R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W

offset
0x358
0x35C
0x360
0x364
0x368
0x36C
0x370
0x374
0x378
0x37C
0x500
0x504
0x508
0x50C
0x510
0x514
0x518
0x51C
0x520
0x524
0x528
0x52C
0x530
0x534
0x538
0x53C
0x540
0x544
0x548
0x54C

SCT event state register 11
SCT event control register 11
SCT event state register 12
SCT event control register 12
SCT event state register 13
SCT event control register 13
SCT event state register 14
SCT event control register 14
SCT event state register 15
SCT event control register 15
SCT output O set register
SCT output O clear register
SCT output 1 set register
SCT output 1 clear register
SCT output 2 set register
SCT output 2 clear register
SCT output 3 set register
SCT output 3 clear register
SCT output 4 set register
SCT output 4 clear register
SCT output 5 set register
SCT output 5 clear register
SCT output 6 set register
SCT output 6 clear register
SCT output 7 set register
SCT output 7 clear register
SCT output 8 set register
SCT output 8 clear register
SCT output 9 set register
SCT output 9 clear register

Reset value

0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000
0x0000 0000

Reference

Table 228
Table 229
Table 228
Table 229
Table 228
Table 229
Table 228
Table 229
Table 228
Table 229
Table 230
Table 231
Table 230
Table 231
Table 230
Table 231
Table 230
Table 231
Table 230
Table 231
Table 230
Table 231
Table 230
Table 231
Table 230
Table 231
Table 230
Table 231
Table 230
Table 231

UM10736

15.6.1

SCT configuration register

This register configures the overall operation of the SCT. Write to this register before any

other registers.
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Table 202. SCT configuration register (CONFIG, address 0x1C01 8000) bit description

Bit Symbol

0 UNIFY

2:1 CLKMODE

6:3 CKSEL
7 NORELAOD_L
8 NORELOAD_H

UM10736

Value

0x0
Ox1

0x2

0x3

0x0
Ox1
0x2
0x3
0x4
0x5
0x6
0x7
0x8
0x9
OxA
0xB
0xC
0xD
OxE
OxF

Description Reset
value
SCT operation 0

The SCT operates as two 16-bit counters named L and H.

The SCT operates as a unified 32-bit counter.

SCT clock mode 00
System clock. The system clock clocks the SCT and prescalers.

Prescaled system clock. The SCT clock is the system clock, but the prescalers
are enabled to count only when sampling of the input selected by the CKSEL
field finds the selected edge. The minimum pulse width on the clock input is 1
bus clock period. This mode is the high-performance sampled-clock mode.

SCT input. The input selected by CKSEL clocks the SCT and prescalers. The

input is synchronized to the system clock and possibly inverted. The minimum
pulse width on the clock input is 1 bus clock period. This mode is the low-power
sampled-clock mode.

Prescaled SCT input. The SCT and prescalers are clocked by the input edge
selected by the CKSEL field. In this mode, most of the SCT is clocked by the
(selected polarity of the) input. The outputs are switched synchronously to the
input clock. The input clock rate must be at least half the system clock rate and
can be the same or faster than the system clock.

SCT clock select

Rising edges on input 0.

0000

Falling edges on input 0.
Rising edges on input 1.
Falling edges on input 1.
Rising edges on input 2.
Falling edges on input 2.
Rising edges on input 3.
Falling edges on input 3.
Rising edges on input 4.
Falling edges on input 4.
Rising edges on input 5.
Falling edges on input 5.
Rising edges on input 6.
Falling edges on input 6.
Rising edges on input 7.
Falling edges on input 7.

A 1 in this bit prevents the lower match and fractional match registers from 0
being reloaded from their respective reload registers. Software can write to set

or clear this bit at any time. This bit applies to both the higher and lower

registers when the UNIFY bit is set.

A 1 in this bit prevents the higher match and fractional match registers from 0
being reloaded from their respective reload registers. Software can write to set
or clear this bit at any time. This bit is not used when the UNIFY bit is set.
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Table 202. SCT configuration register (CONFIG, address 0x1C01 8000) bit description ...continued

Bit

16:9

17

18

31:19

Symbol

INSYNC

AUTOLIMIT_L

AUTOLIMIT_H

Value Description Reset
value

- Synchronization for input n (bit 9 = input 0, bit 10 = input 1,..., bit 16 = input 7). A 1
1 in one of these bits subjects the corresponding input to synchronization to the
SCT clock, before it is used to create an event. If an input is synchronous to the
SCT clock, keep its bit 0 for faster response.

When the CKMODE field is 1x, the bit in this field, corresponding to the input
selected by the CKSEL field, is not used.

- A one in this bit causes a match on match register O to be treated as a de-facto 0
LIMIT condition without the need to define an associated event.

As with any LIMIT event, this automatic limit causes the counter to be cleared to
zero in uni-directional mode or to change the direction of count in bi-directional
mode.

Software can write to set or clear this bit at any time. This bit applies to both the
higher and lower registers when the UNIFY bit is set.

- A one in this bit will cause a match on match register 0 to be treated as a 0
de-facto LIMIT condition without the need to define an associated event.

As with any LIMIT event, this automatic limit causes the counter to be cleared to
zero in uni-directional mode or to change the direction of count in bi-directional
mode.

Software can write to set or clear this bit at any time. This bit is not used when
the UNIFY bit is set.

Reserved -

UM10736

15.6.2

SCT control register
If UNIFY = 1 in the CONFIG register, only the _L bits are used.

If UNIFY = 0 in the CONFIG register, this register can be written to as two registers
CTRL_L and CTRL_H. Both the L and H registers can be read or written individually or in
a single 32-bit read or write operation.

All bits in this register can be written to when the counter is stopped or halted. When the
counter is running, the only bits that can be written are STOP or HALT. (Other bits can be
written in a subsequent write after HALT is set to 1.)

Remark: If CLKMODE = 0x3 is selected, wait at least 12 system clock cycles between a
write access to the H, L or unified version of this register and the next write access. This
restriction does not apply when writing to the HALT bit or bits and then writing to the CTRL
register again to restart the counters - for example because software must update the
MATCH register, which is only allowed when the counters are halted.

Remark: If the SCTimer/PWM is operating as two 16-bit counters, events can only modify
the state of the outputs when neither counter is halted. This is true regardless of what
triggered the event.
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Table 203. SCT control register (CTRL, address 0x1C01 8004) bit description

Bit Symbol Value Description Reset
value
0 DOWN_L - This bit is 1 when the L or unified counter is counting down. Hardware sets this bit 0

when the counter limit is reached and BIDIR is 1. Hardware clears this bit when the
counter reaches 0 or when the counter is counting down and a limit condition occurs.

1 STOP_L - When this bit is 1 and HALT is 0, the L or unified counter does not run but I/O events 0
related to the counter can occur. If such an event matches the mask in the Start
register, this bit is cleared and counting resumes.

2 HALT_L - When this bit is 1, the L or unified counter does not run and no events related to the 1
L-counter can occur. A reset sets this bit. When the HALT_L bit is one, the STOP_L
bit is cleared. If you want to remove the halt condition and keep the SCT in the stop
condition (not running), then you can change the halt and stop condition with one
single write to this register.

Remark: Once set, only software can clear this bit to restore counter operation.

CLRCTR_L - Writing a 1 to this bit clears the L or unified counter. This bit always reads as 0. 0
BIDIR_L L or unified counter direction select
0 The counter counts up to its limit condition, then is cleared to zero.

The counter counts up to its limit, then counts down to a limit condition or to 0.

12,5 PRE_L - Specifies the factor by which the SCT clock is prescaled to produce the L or unified 0
counter clock. The counter clock is clocked at the rate of the SCT clock divided by
PRE_L+1.

Remark: Clear the counter (by writing a 1 to the CLRCTR bit) whenever changing
the PRE value.

15:13 - Reserved

16 DOWN_H - This bit is 1 when the H counter is counting down. Hardware sets this bit whenthe 0
counter limit is reached and BIDIR is 1. Hardware clears this bit when the counter
reaches 0 or when the counter is counting down and a limit condition occurs.

17 STOP_H - When this bitis 1 and HALT is 0, the H counter does not run but I/O events relatedto 0
the counter can occur. If such an event matches the mask in the Start register, this
bit is cleared and counting resumes.

18 HALT_H - When this bit is 1, the H counter does not run and no events related to the H counter 1
can occur. A reset sets this bit. When the HALT_H bit is one, the STOP_H bitis
cleared. If you want to remove the halt condition and keep the SCT in the stop
condition (not running), then you can change the halt and stop condition with one
single write to this register.

Remark: Once set, this bit can only be cleared by software to restore counter

operation.
19 CLRCTR_H - Writing a 1 to this bit clears the H counter. This bit always reads as 0.
20 BIDIR_H Direction select
0 The H counter counts up to its limit condition, then is cleared to zero.

The H counter counts up to its limit, then counts down to a limit condition or to 0.

28:21 PRE_H - Specifies the factor by which the SCT clock is prescaled to produce the H counter 0
clock. The counter clock is clocked at the rate of the SCT clock divided by PRELH+1.

Remark: Clear the counter (by writing a 1 to the CLRCTR bit) whenever changing
the PRE value.

31:29 - Reserved
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SCT limit register
If UNIFY = 1 in the CONFIG register, only the _L bits are used.

If UNIFY = 0 in the CONFIG register, this register can be written to as two registers
LIMIT_L and LIMIT_H. Both the L and H registers can be read or written individually or in
a single 32-bit read or write operation.

The bits in this register set which events act as counter limits. After a counter has reached
its limit, the counter is cleared to zero in unidirectional mode or changes its direction of
count in bidirectional mode. When the counter reaches all ones, this state is always
treated as a limit event, and the counter is cleared in unidirectional mode or, in
bidirectional mode, begins counting down on the next clock edge - even if no limit event as
defined by the SCT limit register has occurred.

In addition to using this register to specify events that serve as limits, it is also possible to
automatically cause a limit condition whenever a match register 0 match occurs. This
eliminates the need to define an event for the sole purpose of creating a limit. The
AUTOLIMIT_L and AUTOLIMIT_H bits in the configuration register enable/disable this

feature (see Table 202).

Table 204. SCT limit register (LIMIT, address 0x1C01 8008) bit description

Bit Symbol Description Reset
value

15:0 LIMMSK_L If bit n is one, event n is used as a counter limit event for the 0

L or unified counter (event 0 = bit 0, event 1 = bit 1, event

15 = bit 15).
31:16 LIMMSK_H If bit n is one, event n is used as a counter limit event for the 0

H counter (event 0 = bit 16, event 1 = bit 17, event 15 = bit

31).

SCT halt condition register
If UNIFY = 1 in the CONFIG register, only the _L bits are used.

If UNIFY = 0 in the CONFIG register, this register can be written to as two registers
HALT_L and HALT_H. Both the L and H registers can be read or written individually or in a
single 32-bit read or write operation.

Remark: Any event halting the counter disables its operation until software clears the
HALT bit (or bits) in the CTRL register (Table 203).

Table 205. SCT halt condition register (HALT, address 0x1C01 800C) bit description

Bit Symbol Description Reset
value

15:0 HALTMSK L If bit n is one, event n sets the HALT_L bit in the CTRL register 0
(event 0 = bit 0, event 1 = bit 1, event 15 = bit 15).

31:16 HALTMSK_H If bit n is one, event n sets the HALT_H bit in the CTRL register 0
(event O = bit 16, event 1 = bit 17, event 15 = bit 31).

SCT stop condition register
If UNIFY = 1 in the CONFIG register, only the _L bits are used.
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If UNIFY = 0 in the CONFIG register, this register can be written to as two registers
STOP_L and STOP_H. Both the L and H registers can be read or written individually or in
a single 32-bit read or write operation.

Table 206. SCT stop condition register (STOP, address 0x1C01 8010) bit description

Bit Symbol Description Reset
value

15:0 STOPMSK_L If bit n is one, event n sets the STOP_L bit in the CTRL register 0
(event 0 = bit 0, event 1 = bit 1, event 15 = bit 15).

31:16 STOPMSK H If bit n is one, event n sets the STOP_H bit in the CTRL register 0
(event 0 = bit 16, event 1 = bit 17, event 15 = bit 31).

SCT start condition register
If UNIFY = 1 in the CONFIG register, only the _L bits are used.
If UNIFY = 0 in the CONFIG register, this register can be written to as two registers

START_L and START_H. Both the L and H registers can be read or written individually or
in a single 32-bit read or write operation.

The bits in this register select which events, if any, clear the STOP bit in the Control
register. (Since no events can occur when HALT is 1, only software can clear the HALT bit
by writing the Control register.)

Table 207. SCT start condition register (START, address 0x1C01 8014) bit description

Bit Symbol Description Reset
value
15:0 STARTMSK_L If bit n is one, event n clears the STOP_L bit in the CTRL 0
register (event 0 = bit 0, event 1 = bit 1, event 15 = bit 15).
31:16 STARTMSK_H If bit n is one, event n clears the STOP_H bit in the CTRL 0

register (event 0 = bit 16, event 1 = bit 17, event 15 = bit 31).

SCT dither condition register
If UNIFY =1 in the CONFIG register, only the L bits are used.

If UNIFY = 0 in the CONFIG register, this register can be written to as two registers
DITHER_L and DITHER_H. Both the L and H registers can be read or written individually
or in a single 32-bit read or write operation.

When the Dither Condition register contains all zeroes (the default value), the dither
engine advances to the next count in the dither pattern every time the SCT counter
reaches zero (i.e. at the start of every new SCT counter cycle).

It is possible, using this register, to alter that behavior by qualifying the advancement
through the dither pattern with designated events. As with the other condition/mask
registers (HALT, STOP, LIMIT, etc.) each bit in this register corresponds to an event.

Setting one or more of the bits in this register to ones will cause the dither engine to
advance to the next element in the dither pattern (i.e. increment the 16-state cycle
counter) only following SCT counter cycles during which one or more of the designated
dither events have occurred.
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There is one, global Dither Condition register per 16-bit SCT. This register controls
advancement through the dither patterns for all of the match registers associated with that
half of the SCT.

For details on the dither engine and the dither pattern, see Section 15.7.9.1.

Table 208. SCT dither condition register (DITHER, address 0x1C01 8018) bit description

Bit Symbol Description Reset
value
15:0 DITHMSK L If bit n is one, the event n causes the dither engine to advance 0

to the next element in the dither pattern at the start of the next
counter cycle of the 16-bit low counter or the unified counter
(event 0 = bit 0, event 1 = bit 1, event 15 = bit 15). If all bits are
set to 0, the dither pattern automatically advances at the start
of every new counter cycle.

31:16 DITHMSK_H If bit n is one, the event n causes the dither engine to advance 0
to the next element in the dither pattern at the start of the next
counter cycle of the 16-bit high counter (event 0 = bit 0, event 1
= bit 1, event 15 = bit 15). If all bits are set to 0, the dither
pattern automatically advances at the start of every new
counter cycle.

SCT counter register

If UNIFY = 1 in the CONFIG register, the counter is a unified 32-bit register and both the
_Land _H bits are used.

If UNIFY = 0 in the CONFIG register, this register can be written to as two registers
COUNT_L and COUNT_H. Both the L and H registers can be read or written individually
or in a single 32-bit read or write operation. In this case, the L and H registers count
independently under the control of the other registers.

Writing to the COUNT _L, COUNT _H, or unified register is only allowed when the
corresponding counter is halted (HALT bits are set to 1 in the CTRL register). Software
can read the counter registers at any time.

Table 209. SCT counter register (COUNT, address 0x1C01 8040) bit description

Bit Symbol Description Reset
value
150 CTR_L When UNIFY = 0, read or write the 16-bit L counter value. When 0
UNIFY =1, read or write the lower 16 bits of the 32-bit unified
counter.
31:16 CTR_H When UNIFY = 0, read or write the 16-bit H counter value. When 0
UNIFY = 1, read or write the upper 16 bits of the 32-bit unified
counter.

SCT state register
If UNIFY = 1 in the CONFIG register, only the _L bits are used.
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If UNIFY = 0 in the CONFIG register, this register can be written to as two registers
STATE_L and STATE_H. Both the L and H registers can be read or written individually or
in a single 32-bit read or write operation.

Software can read the state associated with a counter at any time. Writing to the
STATE_L, STATE_H, or unified register is only allowed when the corresponding counter is
halted (HALT bits are set to 1 in the CTRL register).

The state variable is the main feature that distinguishes the SCT from other counter/timer/
PWM blocks. Events can be made to occur only in certain states. Events, in turn, can
perform the following actions:

¢ set and clear outputs
¢ limit, stop, and start the counter
* cause interrupts and DMA requests
* modify the state variable
The value of a state variable is completely under the control of the application. If an

application does not use states, the value of the state variable remains zero, which is the
default value.

A state variable can be used to track and control multiple cycles of the associated counter
in any desired operational sequence. The state variable is logically associated with a state
machine diagram which represents the SCT configuration. See Section 15.6.26 and
15.6.27 for more about the relationship between states and events.

The STATELD/STADEYV fields in the event control registers of all defined events set all
possible values for the state variable. The change of the state variable during multiple
counter cycles reflects how the associated state machine moves from one state to the
next.

Table 210. SCT state register (STATE, address 0x1C01 8044) bit description

Bit Symbol Description Reset

value
4.0 STATE L State variable. 0
155 - Reserved. -
20:16 STATE H State variable. 0
31:21 - Reserved.

SCT input register

Software can read the state of the SCT inputs in this read-only register in slightly different
forms.

1. The AIN bit represents the input sampled by the SCT clock. This corresponds to a
nearly direct read-out of the input but can cause spurious fluctuations in case of an
asynchronous input signal.

2. The SIN bit represents the input sampled by the SCT clock after the INSYNC select
(this signal is also used for event generation):
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— Ifthe INSYNC bit is set for the input, the input is synchronized to the SCT clock
using three SCT clock cycles resulting in a stable signal that is delayed by three
SCT clock cycles.

— If the INSYNC bit is not set, the SIN bit value is the same as the AIN bit value.

Table 211. SCT input register (INPUT, address 0x1C01 8048) bit description

Bit Symbol Description Reset
value
0 AINO Input O state.Direct read. -
1 AIN1 Input 1 state. Direct read. -
2 AIN2 Input 2 state. Direct read. -
3 AIN3 Input 3 state. Direct read. -
4 AIN4 Input 4 state. Direct read. -
5 AIN5 Input 5 state. Direct read. -
6 AIN6 Input 6 state. Direct read. -
7 AIN7 Input 7 state.Direct read. -
158 - Reserved. -
16 SINO Input O state. -
17 SIN1 Input 1 state. -
18 SIN2 Input 2 state. -
19 SIN3 Input 3 state. -
20 SIN4 Input 4 state. -
21 SINS Input 5 state. -
22 SIN6 Input 6 state. -
23 SIN7 Input 7 state. -
31:24 - Reserved -

SCT match/capture registers mode register

If UNIFY = 1 in the CONFIG register, only the _L bits of this register are used. The L bits
control whether each set of match/capture registers operates as unified 32-bit
capture/match registers.

If UNIFY = 0 in the CONFIG register, this register can be written to as two registers
REGMODE_L and REGMODE_H. Both the L and H registers can be read or written
individually or in a single 32-bit read or write operation. The _L bits/registers control the L
match/capture registers, and the _H bits/registers control the H match/capture registers.

The SCT contains 16 Match/Capture register pairs. The Register Mode register selects
whether each register pair acts as a Match register (see Section 15.6.20) or as a Capture
register (see Section 15.6.22). Each Match/Capture register has an accompanying
register which serves as a Reload register when the register is used as a Match register
(Section 15.6.23) or as a Capture-Control register when the register is used as a capture
register (Section 15.6.25). REGMODE_H is used only when the UNIFY bitis 0.
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Table 212. SCT match/capture registers mode register (REGMODE, address 0x1C01 804C)
bit description

Bit Symbol Description Reset
value

15:0 REGMOD_L Each bit controls one pair of match/capture registers (register 0 = 0
bit 0, register 1 = hit 1,..., register 15 = bit 15).

0 = registers operate as match registers.
1 = registers operate as capture registers.

31:16 REGMOD_H Each bit controls one pair of match/capture registers (register 0= 0
bit 16, register 1 = hit 17,..., register 15 = bit 31).

0 = registers operate as match registers.
1 = registers operate as capture registers.

SCT output register

The SCT supports 10 outputs, each of which has a corresponding bit in this register.
Software can write to any of the output registers when both counters are halted to control
the outputs directly. Writing to the OUT register is only allowed when all counters
(L-counter, H-counter, and unified counter) are halted (HALT bits are set to 1 in the CTRL

register).
Software can read this register at any time to sense the state of the outputs.

Table 213. SCT output register (OUTPUT, address 0x1C01 8050) bit description

Bit Symbol Description Reset
value
9:0 ouT Writing a 1 to bit n makes the corresponding output HIGH. 0 makes 0

the corresponding output LOW (output O = bit 0, output 1 = bit 1,...,
output 9 = bit 9).

31:10 - Reserved

SCT bidirectional output control register

This register specifies (for each output) the impact of the counting direction on the
meaning of set and clear operations on the output (see Section 15.6.28 and

Section 15.6.29).

Table 214. SCT bidirectional output control register (OUTPUTDIRCTRL, address 0x1C01 8054) bit description

Bit Symbol

1:0 SETCLRO

3:2 SETCLR1

UM10736

Value Description Reset
value
Set/clear operation on output 0. Value 0x3 is reserved. Do not program this value. 0

0x0
0ox1
0x2

0x0
0ox1
0x2

Set and clear do not depend on any counter.

Set and clear are reversed when counter L or the unified counter is counting down.

Set and clear are reversed when counter H is counting down. Do not use if UNIFY = 1.
Set/clear operation on output 1. Value 0x3 is reserved. Do not program this value. 0
Set and clear do not depend on any counter.

Set and clear are reversed when counter L or the unified counter is counting down.

Set and clear are reversed when counter H is counting down. Do not use if UNIFY = 1.
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Table 214. SCT bidirectional output control register (OUTPUTDIRCTRL, address 0x1C01 8054) bit description

Bit

5:4

7:6

9:8

11:
10

13:
12

15:
14

17:
16

19:
18

31:2

Symbol

SETCLR2

SETCLR3

SETCLR4

SETCLR5

SETCLR6

SETCLR7

SETCLRS8

SETCLR9

Value

0x0
Ox1
0x2

0x0
Ox1
0x2

0x0
Ox1
0x2

0x0
0x1
0x2

0x0
Ox1
0x2

0x0
0x1
0x2

0x0
0x1
0x2

0x0
0ox1
0x2

Description

Set/clear operation on output 2. Value 0x3 is reserved. Do not program this value.
Set and clear do not depend on any counter.
Set and clear are reversed when counter L or the unified counter is counting down.

Set and clear are reversed when counter H is counting down. Do not use if UNIFY = 1.

Set/clear operation on output 3. Value 0x3 is reserved. Do not program this value.
Set and clear do not depend on any counter.
Set and clear are reversed when counter L or the unified counter is counting down.

Set and clear are reversed when counter H is counting down. Do not use if UNIFY = 1.

Set/clear operation on output 4. Value 0x3 is reserved. Do not program this value.
Set and clear do not depend on any counter.
Set and clear are reversed when counter L or the unified counter is counting down.

Set and clear are reversed when counter H is counting down. Do not use if UNIFY = 1.

Set/clear operation on output 5. Value 0x3 is reserved. Do not program this value.
Set and clear do not depend on any counter.
Set and clear are reversed when counter L or the unified counter is counting down.

Set and clear are reversed when counter H is counting down. Do not use if UNIFY = 1.

Set/clear operation on output 6. Value 0x3 is reserved. Do not program this value.
Set and clear do not depend on any counter.

Set and clear are reversed when counter L or the unified counter is counting down.

Set and clear are reversed when counter H is counting down. Do not use if UNIFY = 1.

Set/clear operation on output 7. Value 0x3 is reserved. Do not program this value.
Set and clear do not depend on any counter.

Set and clear are reversed when counter L or the unified counter is counting down.

Set and clear are reversed when counter H is counting down. Do not use if UNIFY = 1.

Set/clear operation on output 8. Value 0x3 is reserved. Do not program this value.
Set and clear do not depend on any counter.

Set and clear are reversed when counter L or the unified counter is counting down.

Set and clear are reversed when counter H is counting down. Do not use if UNIFY = 1.

Set/clear operation on output 9. Value 0x3 is reserved. Do not program this value.
Set and clear do not depend on any counter.

Set and clear are reversed when counter L or the unified counter is counting down.

Set and clear are reversed when counter H is counting down. Do not use if UNIFY = 1.

Reserved.

Reset
value

0

UM10736

15.6.14 SCT conflict resolution register

The registers OUTn_SET (Section 15.6.28) and OUTn_CLR (Section 15.6.29) allow both
setting and clearing to be indicated for an output in the same clock cycle, even for the
same event. This SCT conflict resolution register resolves this conflict.
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To enable an event to toggle an output, set the OnRES value to 0x3 in this register, and
set the event bits in both the Set and Clear registers.

Table 215. SCT conflict resolution register (RES, address 0x1C01 8058) bit description

Bit

1.0

3:2

5:4

7:6

9:8

11:

10

13:
12

Symbol

OORES

O1RES

O2RES

O3RES

O4RES

OS5SRES

O6RES

Value Description

0x0
Ox1
0x2
0x3

0x0
Ox1
0x2
0x3

0x0
Ox1
0x2
0x3

0x0
Ox1
0x2
0x3

0x0
0x1
0x2
0x3

0x0
Ox1
0x2
0x3

0x0
0x1
0x2
0x3

All information provided in this document is subject to legal disclaimers.

Effect of simultaneous set and clear on output O.
No change.

Set output (or clear based on the SETCLRO field).
Clear output (or set based on the SETCLRO field).
Toggle output.

Effect of simultaneous set and clear on output 1.
No change.

Set output (or clear based on the SETCLR1 field).
Clear output (or set based on the SETCLR1 field).
Toggle output.

Effect of simultaneous set and clear on output 2.
No change.

Set output (or clear based on the SETCLR?2 field).

Clear output n (or set based on the SETCLR2 field).

Toggle output.

Effect of simultaneous set and clear on output 3.
No change.

Set output (or clear based on the SETCLR3 field).
Clear output (or set based on the SETCLR3 field).
Toggle output.

Effect of simultaneous set and clear on output 4.
No change.

Set output (or clear based on the SETCLRA4 field).
Clear output (or set based on the SETCLRA4 field).
Toggle output.

Effect of simultaneous set and clear on output 5.
No change.

Set output (or clear based on the SETCLRS field).
Clear output (or set based on the SETCLRS5 field).
Toggle output.

Effect of simultaneous set and clear on output 6.
No change.

Set output (or clear based on the SETCLRG field).
Clear output (or set based on the SETCLR® field).
Toggle output.

Reset
value

0
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Table 215. SCT conflict resolution register (RES, address 0x1C01 8058) bit description

Bit

15:
14

17:
16

19:
18

312

Symbol

O7RES

O8RES

O9RES

Value Description Reset
value

Effect of simultaneous set and clear on output 7. 0

0x0 No change.

0x1 Set output (or clear based on the SETCLRY7 field).

0x2 Clear output (or set based on the SETCLRY field).

0x3 Toggle output.
Effect of simultaneous set and clear on output 8. 0

0x0 No change.

0ox1 Set output (or clear based on the SETCLRS field).

0x2 Clear output (or set based on the SETCLRS field).

0x3 Toggle output.
Effect of simultaneous set and clear on output 9. 0

0x0 No change.

0x1 Set output (or clear based on the SETCLRO field).

0x2 Clear output (or set based on the SETCLR9 field).

0x3 Toggle output.

Reserved.

15.6.15 SCT DMA request 0 and 1 registers

The SCT includes two DMA request outputs. These registers enable the DMA requests to
be triggered when a particular event occurs or when counter Match registers are loaded
from its Reload registers.

Table 216. SCT DMA 0 request register (DMAREQQO, address 0x1C01 805C) bit description

Bit

15:0

29:16

30

31

Symbol

DEV_0

DRLO

DRQO

Description Reset
value

If bit n is one, event n sets DMA request 0 (event O = bit 0, event 0
1=hit1,.., event 15 = bit 15).

Reserved -

A 1 in this bit makes the SCT set DMA request 0 when it loads
the Match_L/Unified registers from the Reload_L/Unified
registers.

This read-only bit indicates the state of DMA Request 0

Table 217. SCT DMA 1 request register (DMAREQ1, address 0x1CO01 8060) bit description

Bit

15:0

UM10736

Symbol

DEV_1

Description Reset
value

If bit n is one, event n sets DMA request 1 (event O = bit 0, event 0
1=hit 1,..., event 15 = bhit 15).
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Table 217. SCT DMA 1 request register (DMAREQ1, address 0x1CO01 8060) bit description
Bit Symbol Description Reset
value

29:16 - Reserved -

30 DRL1 A 1 in this bit makes the SCT set DMA request 1 when it loads

the Match L/Unified registers from the Reload L/Unified
registers.
31 DRQ1 This read-only bit indicates the state of DMA Request 1.
15.6.16 SCT flag enable register

This register enables flags to request an interrupt if the FLAGnh bit in the SCT event flag
register (Section 15.6.17) is also set.

Table 218. SCT flag enable register (EVEN, address 0x1C01 80FO0) bit description

Bit Symbol Description Reset

value
15:0 IEN The SCT requests interrupt when bit n of this register and the event 0
flag register are both one (event 0 = bit 0, event 1 = bit 1,..., event
15 = bit 15).
31:16 - Reserved
15.6.17 SCT event flag register

This register records events. Writing ones to this register clears the corresponding flags
and negates the SCT interrupt request if all enabled Flag bits are zero.

Table 219. SCT event flag register (EVFLAG, address 0x1C01 80F4) bit description

Bit Symbol Description Reset
value
15:0 FLAG Bit n is one if event n has occurred since reset or a 1 was last writtento 0
this bit (event 0 = bit 0, event 1 = hit 1,..., event 15 = bit 15).
31 - Reserved -
16

15.6.18 SCT conflict enable register

This register enables the “no change conflict” events specified in the SCT conflict
resolution register to request an interrupt.

Table 220. SCT conflict enable register (CONEN, address 0x1C01 80F8) bit description

Bit Symbol Description Reset
value
9:0 NCEN  The SCT requests interrupt when bit n of this register and the SCT 0
conflict flag register are both one (output 0 = bit 0, output 1 = bit
1,..., output 9 = bit 9).
31:10 - Reserved
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SCT conflict flag register

This register records interrupt-enabled no-change conflict events and provides details of a
bus error. Writing ones to the NCFLAG bits clears the corresponding read bits and
negates the SCT interrupt request if all enabled Flag bits are zero.

Table 221. SCT conflict flag register (CONFLAG, address 0x1C01 80FC) bit description

Bit Symbol Description Reset
value
9:0 NCFLAG Bit n is one if a no-change conflict event occurred on outputn 0

since reset or a 1 was last written to this bit (output O = bit O,
output 1 = bit 1,..., output 9 = bit 9).

29:10 - Reserved. -

30 BUSERRL The most recent bus error from this SCT involved writing CTR 0
L/Unified, STATE L/Unified, MATCH L/Unified, or the Output
register when the L/U counter was not halted. A word write to
certain L and H registers can be half successful and half
unsuccessful.

31 BUSERRH The most recent bus error from this SCT involved writing CTR 0
H, STATE H, MATCH H, or the Output register when the H
counter was not halted.

SCT match registers 0 to 15 (REGMODER bit = 0)

Match registers are compared to the counters to help create events. When the UNIFY bit
is 0, the L and H registers are independently compared to the L and H counters. When
UNIFY is 1, the L and H registers hold a 32-bit value that is compared to the unified
counter. A Match can only occur in a clock in which the counter is running (STOP and
HALT are both 0).

Match registers can be read at any time. Writing to the MATCH_L, MATCH_H, or unified

register is only allowed when the corresponding counter is halted (HALT bits are setto 1 in
the CTRL register). Match events occur in the SCT clock in which the counter is (or would
be) incremented to the next value. When a Match event limits its counter as described in
Section 15.6.3, the value in the Match register is the last value of the counter before it is

cleared to zero (or decremented if BIDIR is 1).

There is no “write-through” from Reload registers to Match registers. Before starting a
counter, software can write one value to the Match register used in the first cycle of the
counter and a different value to the corresponding Match Reload register used in the
second cycle.

Table 222. SCT match registers 0 to 15 (MATCH[0:15], address 0x1C01 8100 (MATCHO) to
0x1C01 813C (MATCH15)) bit description (REGMODER bit = 0)

Bit Symbol Description Reset
value

15:0 MATCHn_L When UNIFY =0, read or write the 16-bit value to be comparedto 0
the L counter. When UNIFY = 1, read or write the lower 16 bits of
the 32-bit value to be compared to the unified counter.

31:16 MATCHn_H When UNIFY =0, read or write the 16-bit value to be comparedto 0
the H counter. When UNIFY = 1, read or write the upper 16 bits of
the 32-bit value to be compared to the unified counter.
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SCT fractional match registers 0 to 5

Fractional Match registers are provided for up to the first six of the match registers. The
values programmed in these registers provide higher average resolution over time by
applying a dither pattern as described in Section 15.7.9.1. This dither pattern results in
delaying recognition of a match for one counter clock for n (0 to 15) out of every 16
counter cycles. The value of n is programmed in these Fractional Match registers.

Fractional Match registers can be read at any time. Writing to the FRACMAT L,
FRACMAT _H, or unified register is only allowed when the corresponding counter is halted
(HALT bits are set to 1 in the CTRL register).

Each Fractional Match register has a Fractional Match Reload register associated with it.
The contents of the reload registers are transferred into the Fractional Match registers at
the start of every new SCT counter cycle unless the NORELOAD bit for the appropriate
half-counter is set.

The reload registers may be written to at any time, regardless of whether or not the
counter is running.

There is no write-through from the Fractional Match Reload registers to the Fractional
Match registers. Before starting a counter, software can write one value to the Fractional
Match register that will be used in the first cycle or period of operation, and a different
value to the corresponding Fractional Match Reload register that will be used in the
second cycle or period.

Table 223. SCT fractional match registers 0 to 5 (FRACMAT[0:5], address 0x1C01 8140
(FRACMATO) to 0x1C01 8154 (FRACMATD5)) bit description

Bit Symbol Description Reset
value

3:0 FRACMAT_L  When UNIFY =0, read or write the 4-bit value specifying the 0
dither pattern to be applied to the corresponding MATCHnN_L
register (n = 0 to 5). When UNIFY = 1, the value applies to the
unified, 32-bit fractional match register.

15:4 - Reserved. -

19:16 FRACMAT_H When UNIFY = 0, read or write 4-bit value specifying the dither 0
pattern to be applied to the corresponding MATCHnN_H register
(n=0to 5).

31:20 - Reserved. -

[1] See Section 15.7.9.1 for selecting the dither pattern.

SCT capture registers 0 to 15 (REGMODERN bit = 1)

These registers allow software to read the counter values at which the event selected by
the corresponding Capture Control registers occurred.
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Table 224. SCT capture registers 0to 15 (CAP[0:15], address 0x1C01 8100 (CAPO) to 0x1C01
813C (CAP15)) bit description (REGMODERN bit = 1)

Bit Symbol Description Reset
value
15:0 CAPNn_L When UNIFY = 0, read the 16-bit counter value at which this 0

register was last captured. When UNIFY = 1, read the lower 16 bits
of the 32-bit value at which this register was last captured.

31:16 CAPn_H When UNIFY = 0, read the 16-bit counter value at which this 0
register was last captured. When UNIFY = 1, read the upper 16 bits
of the 32-bit value at which this register was last captured.

SCT match reload registers 0 to 15 (REGMODEnN bit = 0)

A Match register (L, H, or unified 32-bit) is loaded from the corresponding Reload register
when BIDIR is 0 and the counter reaches its limit condition, or when BIDIR is 1 and the
counter reaches 0.

Table 225. SCT match reload registers 0 to 15 (MATCHREL[0:15], address 0x1C01 8200
(MATCHRELDO) to 0x1C01 823C (MATCHREL15) bit description (REGMODER bit =
0)
Bit Symbol Description Reset
value

15:0 RELOADNn_L When UNIFY =0, read or write the 16-bit value to be loaded into 0
the MATCHnN_L register. When UNIFY =1, read or write the lower
16 bits of the 32-bit value to be loaded into the MATCHn register.

31:16 RELOADN_H When UNIFY = 0, read or write the 16-bit to be loaded into the 0
MATCHnN_H register. When UNIFY = 1, read or write the upper 16
bits of the 32-bit value to be loaded into the MATCHDn register.

SCT fractional match reload registers 0to 5

A Fractional Match register (L, H, or unified 32-bit) is loaded from the corresponding
Fractional Match Reload register when BIDIR is 0 and the counter reaches its limit
condition, or BIDIR is 1 and the counter reaches 0, unless the appropriate NORELOAD bit
is set.

Table 226. SCT fractional match reload registers 0 to 5 (FRACMATREL[0:5], address 0x1CO01
8240 (FRACMATRELDO) to 0x1C01 8254 (FRACMATRELDS) bit description

Bit Symbol Description Reset
value

3.0 RELFRAC_L When UNIFY =0, read or write the 4-bit value to be loaded into the 0
FRACMATN_L register. When UNIFY = 1, read or write the lower 4
bits to be loaded into the FRACMATN register.

154 - Reserved. -

19:16 RELFRAC_H When UNIFY =0, read or write the 4-bit value to be loaded into the 0
FRACMATN_H register. When UNIFY =1, read or write the upper 4
bits with the 4-bit value to be loaded into the FRACMATN register.

31:20 - Reserved. -

SCT capture control registers 0 to 15 (REGMODEN bit = 1)
If UNIFY = 1 in the CONFIG register, only the _L bits are used.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.

User manual

Rev. 1.1 — 3 March 2014 253 of 759



NXP Semiconductors UM10736

UM10736

15.6.26

15.6.27

Chapter 15: Large SCTimer/PWM (SCTimer0/PWM, SCTimer1/PWM)

If UNIFY = 0 in the CONFIG register, this register can be written to as two registers
CAPCTRLN_L and CAPCTRLN_H. Both the L and H registers can be read or written
individually or in a single 32-bit read or write operation.

Each Capture Control register (L, H, or unified 32-bit) controls which events load the
corresponding Capture register from the counter.

Table 227. SCT capture control registers 0to 15 (CAPCTRL[0:15], address 0x1C01 8200
(CAPCTRLO) to 0x1C01 823C (CAPCTRL15)) bit description (REGMODERn bit = 1)

Bit Symbol Description Reset
value

15:0 CAPCONn_L If bit mis one, event m causes the CAPn_L (UNIFY =0) orthe 0
CAPnN (UNIFY = 1) register to be loaded (event 0 = bit 0, event 1
=hit 1,..., event 15 = hit 15).

31:16 CAPCONn_H If bit m is one, event m causes the CAPn_H (UNIFY = 0) 0
register to be loaded (event O = bit 16, event 1 = bit 17,..., event
15 = bit 31).

SCT event state mask registers 0to 15

Each event has one associated SCT event state mask register that allows this event to
happen in one or more states of the counter selected by the HEVENT bit in the
corresponding EVCTRLN register.

An event n is disabled when its EVn_STATE register contains all zeros, since it is masked
regardless of the current state.

In simple applications that do not use states, write 0x01 to this register to enable an event.
Since the state always remains at its reset value of 0, writing 0x01 effectively permanently
state-enables this event.

Table 228. SCT event state mask registers 0to 15 (EV[0:15] STATE, addresses 0x1C01 8300
(EVO_STATE) to 0x1C01 8378 (EV15_STATE) (SCT0) and 0x1C01 C300
(EVO_STATE) to 0x1C01 C378 (EV15_STATE) (SCT1)) bit description

Bit Symbol Description Reset
value

15:0 STATEMSKn If bit mis one, event n (n= 0 to 15) happens in state m of the 0
counter selected by the HEVENT bit (m = state number; state 0
= bit 0, state 1= bit 1,..., state 15 = bit 15).

31:16 - Reserved. -

SCT event control registers 0 to 15

This register defines the conditions for event n to occur, other than the state variable
which is defined by the state mask register. Most events are associated with a particular
counter (high, low, or unified), in which case the event can depend on a match to that
register. The other possible ingredient of an event is a selected input or output signal.

When the UNIFY bit is 0, each event is associated with a particular counter by the
HEVENT bit in its event control register. An event cannot occur when its related counter is
halted nor when the current state is not enabled to cause the event as specified in its
event mask register. An event is permanently disabled when its event state mask register
contains all zeros.
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An enabled event can be programmed to occur based on a selected input or output edge
or level and/or based on its counter value matching a selected match register. In BIDR
mode, events can also be enabled based on the count direction.

Each event can modify its counter STATE value. If more than one event associated with
the same counter occurs in a given clock cycle, only the state change specified for the
highest-numbered event among them takes place. Other actions dictated by any
simultaneously occurring events all take place.

Table 229. SCT event control register 0 to 15 (EV[0:15]_CTRL, address 0x1C01 8304 (EVO_CTRL) to 0x1C01 837C
(EV15_CTRL) (SCTO0) and EV[0:15]_CTRL, address 0x1C01 C304 (EVO_CTRL) to 0x1C01 C37C
(EV15_CTRL) (SCT1)) bit description

Bit Symbol Value Description Reset

3:0 MATCHSEL

4 HEVENT

5 OUTSEL

9:6 IOSEL -

11:10 IOCOND

0x0
Ox1
0x2
0x3
13:12 COMBMODE
0x0
Ox1
0x2
0x3

14 STATELD

19:15 STATEV

UM10736

value

Selects the Match register associated with this event (if any). A match can occur only 0
when the counter selected by the HEVENT bit is running.

Select L/H counter. Do not set this bit if UNIFY = 1. 0
Selects the L state and the L match register selected by MATCHSEL.

Selects the H state and the H match register selected by MATCHSEL.

Input/output select 0
Selects the input selected by IOSEL.

Selects the output selected by IOSEL.

Selects the input or output signal number associated with this event (if any). Donot 0
select an input in this register, if CKMODE is 1x. In this case the clock input is an
implicit ingredient of every event.

Selects the I/O condition for event n. (The detection of edges on outputs lags the 0
conditions that switch the outputs by one SCT clock). In order to guarantee proper
edge/state detection, an input must have a minimum pulse width of at least one SCT
clock period .

LOW

Rise

Fall

HIGH

Selects how the specified match and I/O condition are used and combined. 0
OR. The event occurs when either the specified match or I/O condition occurs.

MATCH. Uses the specified match only.

10. Uses the specified 1/0 condition only.

AND. The event occurs when the specified match and I/O condition occur
simultaneously.

This bit controls how the STATEV value modifies the state selected by HEVENT when 0
this event is the highest-numbered event occurring for that state.

STATEV value is added into STATE (the carry-out is ignored).
STATEV value is loaded into STATE.

This value is loaded into or added to the state selected by HEVENT, depending on 0
STATELD, when this event is the highest-numbered event occurring for that state. If
STATELD and STATEV are both zero, there is no change to the STATE value.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2014. All rights reserved.

User manual

Rev. 1.1 — 3 March 2014 255 of 759



NXP Semiconductors UM10736

Chapter 15: Large SCTimer/PWM (SCTimer0/PWM, SCTimer1/PWM)

Table 229. SCT event control register 0 to 15 (EV[0:15]_CTRL, address 0x1C01 8304 (EVO_CTRL) to 0x1C01 837C
(EV15_CTRL) (SCTO0) and EV[0:15]_CTRL, address 0x1C01 C304 (EVO_CTRL) to 0x1C01 C37C
(EV15_CTRL) (SCT1)) bit description

Bit Symbol Value Description Reset
value

20 MATCHMEM If this bit is one and the COMBMODE field specifies a match component to the
triggering of this event, then a match is considered to be active whenever the counter
value is GREATER THAN OR EQUAL TO the value specified in the match register
when counting up, LESS THEN OR EQUAL TO the match value when counting down.

If this bit is zero, a match is only be active during the cycle when the counter is equal
to the match value.

22:21 DIRECTION Direction qualifier for event generation. This field only applies when the counters are
operating in BIDIR mode. If BIDIR = 0, the SCT ignores this field. Value 0x3 is
reserved.

0x0  Direction independent. This event is triggered regardless of the count direction.

0x1  Counting up. This event is triggered only during up-counting when BIDIR = 1.

0x2  Counting down. This event is triggered only during down-counting when BIDIR = 1.
31:23 - Reserved

15.6.28 SCT output set registers 0to 9

Each output n has one set register that controls how events affect each output. Whether
outputs are set or cleared depends on the setting of the SETCLRn field in the
OUTPUTDIRCTRL register.

Remark: If the SCTimer/PWM is operating as two 16-bit counters, events can only modify
the state of the outputs when neither counter is halted. This is true regardless of what
triggered the event.

Table 230. SCT output set register 0 to 9 (OUT[0:9]_SET, address 0x1C01 8500 (OUTO_SET)
to 0x1CO01 8548 (OUT9_SET) (SCTO0) and 0x1C01 C500 (OUTO_SET) to 0x1C01
C548 (OUT9_SET) (SCT1) ) bit description

Bit Symbol Description Reset
value
15.0 SET A 1in bit m selects event m to set output n (or clear itif SETCLRn= 0
0x1 or 0x2) event 0 = bit 0, event 1 = bit 1,..., event 15 = bit 15.
31:16 - Reserved

15.6.29 SCT output clear registers 0to 9

Each output n has one clear register that controls how events affect each output. Whether
outputs are set or cleared depends on the setting of the SETCLRn field in the
OUTPUTDIRCTRL register.

Remark: If the SCTimer/PWM is operating as two 16-bit counters, events can only modify
the state of the outputs when neither counter is halted. This is true regardless of what
triggered the event.
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Table 231. SCT output clear register 0 to 9 (OUT[0:9]_CLR, address 0x1CO01 8504
(OUTO_CLR) to 0x1C01 854C (OUT9_CLR) (SCTO0) and OUT[0:9]_CLR and 0x1C01
8504 (OUTO_CLR) to 0x1C01 854C (OUT9_CLR) (SCT1)) bit description

Bit Symbol Description Reset
value
15:0 CLR A 1in bit m selects event m to clear output n (or setitif SETCLRn= 0
0x1 or 0x2) event 0 = hit 0, event 1 = bit 1,..., event 15 = bit 15.
31:16 - Reserved

15.7 Functional description

15.7.1 Match logic

Counter H -
Match
Reload || o2 | ["= 1 & » MatchiH
: RegiH
iH
UNIFY
Match Match
Rel — ; = Match i L
eiiad Regil 4{ H }—> ate
Counter L >
Fig 34. Match logic
15.7.2 Capture logic
Counter H T >
capture capture
control [ select i— regiH
iH
A
Events ——¢—P»
UNIFYi B SCT clock —e
/
capture capture
coinlt_rol —{  select — re% iL
Counter L J_. -
Fig 35. Capture logic
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15.7.3 Event selection

State variables allow control of the SCT across more than one cycle of the counter.
Counter matches, input/output edges, and state values are combined into a set of
general-purpose events that can switch outputs, request interrupts, and change state

values.
H matches
select
L matches
MATCHSELi —
inputs—p select — iD—> event i’
outputs—m
IOSELi ——
OUTSELI
IOCONDiI
COMBMODE:i
STATEMASKi — select
HSTATE —| | |
L STATE
HEVENTiI
Fig 36. Event selection

15.7.4 Output generation
Figure 37 shows one output slice of the SCT.

Events >

Set 4,—> NoChangeConflict “”

register “i" SETCLRI
) I Select Uy —» Output "
OIRES — reg

Clear

register “i” ‘
SCT clock
Fig 37. Output slicei

15.7.5 State logic

The SCT can be configured as a timer/counter with multiple programmable states. The
states are user-defined through the events that can be captured in each particular state. In
a multi-state SCT. the SCT can change from one state to another state when a
user-defined event triggers a state change. The state change is set up through each
event's EV_CTRL register in one of the following ways:

* The event can increment the current state number by a new value.

* The event can write a new state value.
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If an event increments the state number beyond the number of available states, the SCT
enters a locked state in which all further events are ignored while the counter is still
running. Software must interfere to change out of this state.

Software can capture the counter value (and potentially create an interrupt and write to all
outputs) when the event moving the SCT into a locked state occurs. Later, while the SCT
is in the locked state, software can read the counter again to record the time passed since
the locking event and can also read the state variable to obtain the current state number

If the SCT registers an event that forces an abort, putting the SCT in a locked state can be
a safe way to record the time that has passed since the abort event while no new events
are allowed to occur. Since multiple states (any state number between the maximum
implemented state and 31) are locked states, multiple abort or error events can be defined
each incrementing the state number by a different value. Also see Section 15.3.5.1 “Abort
function”.

Interrupt generation
The SCT generates one interrupt to the NVIC.

Events ﬁ—»

Enable Flags
register register

. No Change Conflict

Conflict | o nflict events Flags

Enable i
register

register

SCT interrupt

Fig 38. SCT interrupt generation

Clearing the prescaler

When enabled by a non-zero PRE field in the Control register, the prescaler acts as a
clock divider for the counter, like a fractional part of the counter value. The prescaler is
cleared whenever the counter is cleared or loaded for any of the following reasons:

* Hardware reset
¢ Software writing to the counter register
¢ Software writing a 1 to the CLRCTR bit in the control register
* an event selected by a 1 in the counter limit register when BIDIR =0
When BIDIR is 0, a limit event caused by an I/O signal can clear a hon-zero prescaler.

However, a limit event caused by a Match only clears a non-zero prescaler in one special
case as described Section 15.7.8.

A limit event when BIDIR is 1 does not clear the prescaler. Rather it clears the DOWN bit
in the Control register, and decrements the counter on the same clock if the counter is
enabled in that clock.
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Match vs. I/O events

Counter operation is complicated by the prescaler and by clock mode 01 in which the SCT
clock is the bus clock. However, the prescaler and counter are enabled to count only when
a selected edge is detected on a clock input.

* The prescaler is enabled when the clock mode is not 01, or when the input edge
selected by the CLKSEL field is detected.

* The counter is enabled when the prescaler is enabled, and (PRELIM=0 or the
prescaler is equal to the value in PRELIM).

An 1/0 component of an event can occur in any SCT clock when its counter HALT bit is O.
In general, a Match component of an event can only occur in a UT clock when its counter
HALT and STOP bits are both 0 and the counter is enabled.

Table 232 shows when the various kinds of events can occur.

Table 232. Event conditions

COMBMODE |IOMODE Event can occur on clock:
10 Any Event can occur whenever HALT = 0 (type A).
MATCH Any Event can occur when HALT = 0 and STOP = 0 and the counter is

enabled (type C).

OR Any From the 10 component: Event can occur whenever HALT =0 (A).
From the match component: Event can occur when HALT = 0 and
STOP = 0 and the counter is enabled (C).

AND LOW or HIGH Event can occur when HALT = 0 and STOP = 0 and the counter is
enabled (C).
AND RISE or FALL Event can occur whenever HALT = 0 (A).

Fractional matches

The first 6 match registers may be configured to have a fractional portion to their match
values. Higher average resolution is achievable on the match registers with associated
fractional match register by using a dithering mechanism. The dither engine delays the
assertion of a match by one counter clock every n (0 to 15) out of 16 counter cycles. The
value of n is specified in the 4-bit FRACMAT register associated with each of the first six
match registers.

Dithering can be disabled on any of the match registers by loading all zeroes (the default
value) into its FRACMAT register.

Dithering

At the start of each new SCT counter cycle (i.e. when the counter counts-down to zero in
bi-directional mode or is cleared to zero by a limit event), the dither engine determines
which matches are to be delayed by one clock during the coming counter cycle. Delaying
the match effectively adds 1 to the designated match value when up-counting or subtracts
1 when down-counting, during that particular counter cycle.

For each dither-enabled match register, the value programmed in its associated
FRACMAT register specifies how many out of every 16 counter cycles its match is to be
delayed. An algorithm applied to the FRACMAT value distributes this number as evenly as
possible across the 16 counter cycles. This results in a unique dither pattern for each
match register (SeeTable 233).
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Additional control over the dithering process is provided to the user via a Dither Condition
(event-mask) register. Typically, the dither engine advances though the match dither
patterns at the start of every new SCT counter cycle. The Dither Condition register allows
the user to specify that advancement to the next element in the dither patterns will only
occur if one or more designated events occurred during the previous cycle of the counter.

The dither algorithm is designed to spread out the cycles in which the matches are
delayed as evenly as possible across the 16 counter cycles. The following table shows the
dither pattern that is applied for each value of FRACMAT. A ‘D’ indicates the counter
cycles where a match on the relevant match register is delayed.

Table 233. Dither pattern

FRACMAT 0

0x0
Ox1
0x2
0x3
0x4
0x5
0x6
0x7
0x8
0x9
OxA
0xB
0xC
0xD
OxE
OxF

Counter cycle

1

O O O 0O U0 0O O 0

2 3 4 5 6 7 8 9 10 11 12 13 14 15

- - - - - - D - - - - - - -
- - D - - - - - - - D - - -
- - D - - - D - - - D - - -
D - - - D - - - D - - - D -
D - - - D - D - D - - - D -
D - D - D - - - D - D - D -
D - D - D - D - D - D - D -
- D - D - D - D - D - D - D
- D - D - D D D - D - D - D
- D D D - D - D - D D D - D
- D D D - D D D - D D D - D
D D - D D D - D D D - D D D
D D - D D D D D D D - D D D
D D D D D D - D D D D D D D
D D D D D D D D D D D D D D
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SCT operation

In its simplest, single-state configuration, the SCT operates as an event controlled one- or
bidirectional counter. Events can be configured to be counter match events, an input or
output level, transitions on an input or output pin, or a combination of match and
input/output behavior. In response to an event, the SCT output or outputs can transition,
or the SCT can perform other actions such as creating an interrupt or starting, stopping, or
resetting the counter. Multiple simultaneous actions are allowed for each event.
Furthermore, any number of events can trigger one specific action of the SCT.

An action or multiple actions of the SCT uniquely define an event. A state is defined by
which events are enabled to trigger an SCT action or actions in any stage of the counter.
Events not selected for this state are ignored.

In a multi-state configuration, states change in response to events. A state change is an
additional action that the SCT can perform when the event occurs. When an event is
configured to change the state, the new state defines a new set of events resulting in
different actions of the SCT. Through multiple cycles of the counter, events can change
the state multiple times and thus create a large variety of event controlled transitions on
the SCT outputs and/or interrupts.

Once configured, the SCT can run continuously without software intervention and can
generate multiple output patterns entirely under the control of events.

¢ To configure the SCT, see Section 15.7.11.

¢ To start, run, and stop the SCT, see Section 15.7.12.

* To configure the SCT as simple event controlled counter/timer, see Section 15.7.13.

Configure the SCT

To set up the SCT for multiple events and states, perform the following configuration
steps:

Configure the counter

1. Configure the L and H counters in the CONFIG register by selecting two independent
16-bit counters (L counter and H counter) or one combined 32-bit counter in the
UNIFY field.

2. Select the SCT clock source in the CONFIG register (fields CLKMODE and CLKSEL)
from any of the inputs or an internal clock.

Configure the match and capture registers

1. Select how many match and capture registers the application uses (total of up to 5):

— In the REGMODE register, select for each of the 5 match/capture register pairs
whether the register is used as a match register or capture register.

2. Define match conditions for each match register selected:

— Each match register MATCH sets one match value, if a 32-bit counter is used, or
two match values, if the L and H 16-bit counters are used.

— Each match reload register MATCHRELOAD sets a reload value that is loaded into
the match register when the counter reaches a limit condition or the value O.
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15.7.11.3 Configure events and event responses

1. Define when each event can occur in the following way in the EVn_CTRL registers
(up to 6, one register per event):

Select whether the event occurs on an input or output changing, on an input or
output level, a match condition of the counter, or a combination of match and
input/output conditions in field COMBMODE.

For a match condition:

Select the match register that contains the match condition for the event to occur.
Enter the number of the selected match register in field MATCHSEL.

If using L and H counters, define whether the event occurs on matching the L or
the H counter in field HEVENT.

For an SCT input or output level or transition:

Select the input number or the output number that is associated with this event in
fields IOSEL and OUTSEL.

Define how the selected input or output triggers the event (edge or level sensitive)
in field IOCOND.

2. Define what the effect of each event is on the SCT outputs in the OUTn_SET or
OUTn_CLR registers (up to 4 outputs, one register per output):

For each SCT output, select which events set or clear this output. More than one
event can change the output, and each event can change multiple outputs.

3. Define how each event affects the counter:

Set the corresponding event bit in the LIMIT register for the event to set an upper
limit for the counter.

When a limit event occurs in unidirectional mode, the counter is cleared to zero
and begins counting up on the next clock edge.

When a limit event occurs in bidirectional mode, the counter begins to count down
from the current value on the next clock edge.

Set the corresponding event bit in the HALT register for the event to halt the
counter. If the counter is halted, it stops counting and no new events can occur.
The counter operation can only be restored by clearing the HALT L and/or the
HALT_H bits in the CTRL register.

Set the corresponding event bit in the STOP register for the event to stop the
counter. If the counter is stopped, it stops counting. However, an event that is
configured as a transition on an input/output can restart the counter.

Set the corresponding event bit in the START register for the event to restart the
counting. Only events that are defined by an input changing can be used to restart
the counter.

4. Define which events contribute to the SCT interrupt:

UM10736

Set the corresponding event bit in the EVEN and the EVFLAG registers to enable
the event to contribute to the SCT interrupt.
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15.7.11.4 Configure multiple states

1. Inthe EVn_STATE register for each event (up to 6 events, one register per event),

select the state or states (up to 2) in which this event is allowed to occur. Each state
can be selected for more than one event.

. Determine how the event affects the system state:

In the EVn_CTRL registers (up to 6 events, one register per event), set the new state
value in the STATEV field for this event. If the event is the highest numbered in the
current state, this value is either added to the existing state value or replaces the
existing state value, depending on the field STATELD.

Remark: If there are higher numbered events in the current state, this event cannot
change the state.

If the STATEV and STATELD values are set to zero, the state does not change.

15.7.11.5 Miscellaneous options

UM10736

* There are a certain (selectable) number of capture registers. Each capture register

can be programmed to capture the counter contents when one or more events occur.

¢ If the counter is in bidirectional mode, the effect of set and clear of an output can be

made to depend on whether the counter is counting up or down by writing to the
OUTPUTDIRCTRL register.

15.7.12 Run the SCT

1. Configure the SCT (see Section 15.7.11 “Configure the SCT").
2. Write to the STATE register to define the initial state. By default the initial state is state

0.

. To start the SCT, write to the CTRL register:

— Clear the counters.
— Clear or set the STOP_L and/or STOP_H bits.

Remark: The counter starts counting once the STOP bit is cleared as well. If the
STOP bit is set, the SCT waits instead for an event to occur that is configured to
start the counter.

— For each counter, select unidirectional or bidirectional counting mode (field
BIDIR_L and/or BIDIR_H).

— Select the prescale factor for the counter clock (CTRL register).

— Clear the HALT_L and/or HALT_H bit. By default, the counters are halted and no
events can occur.

. To stop the counters by software at any time, stop or halt the counter (write to

STOP_L and/or STOP_H bits or HALT_L and/or HALT _H bits in the CTRL register).

— When the counters are stopped, both an event configured to clear the STOP bit or
software writing a zero to the STOP bit can start the counter again.

— When the counter are halted, only a software write to clear the HALT bit can start
the counter again. No events can occur.

— When the counters are halted, software can set any SCT output HIGH or LOW
directly by writing to the OUT register.
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The current state can be read at any time by reading the STATE register.

To change the current state by software (that is independently of any event occurring), set
the HALT bit and write to the STATE register to change the state value. Writing to the
STATE register is only allowed when the counter is halted (the HALT_L and/or HALT_H
bits are set) and no events can occur.

Configure the SCT without using states

The SCT can be used as standard counter/timer with external capture inputs and match
outputs without using the state logic. To operate the SCT without states, configure the
SCT as follows:

* Write zero to the STATE register (zero is the default).

* Write zero to the STATELD and STATEYV fields in the EVCTRL registers for each
event.

¢ Write Ox1 to the EVn_STATE register of each event. Writing Ox1 enables the event.

In effect, the event is allowed to occur in a single state which never changes while the
counter is running.

SCT Example

Figure 39 shows a simple application of the SCT using two sets of match events (EV0/1
and EV3/4) to set/clear SCT output 0. The timer is automatically reset whenever it
reaches the MATO match value.

In the initial state 0, match event EVO sets output O to HIGH and match event EV1 clears
output 0. The SCT input 0 is monitored: If inputO is found LOW by the next time the timer
is reset (EV2), the state is changed to state 1, and EV3/4 are enabled, which create the
same output but triggered by different match values. If input 0 is found HIGH by the next
time the timer is reset, the associated event (EV5) causes the state to change back to
state Owhere the events EVO and EV1 are enabled.

The example uses the following SCT configuration:

¢ 1linput

* 1 output

* 5 match registers

* 6 events and match 0 used with autolimit function
* 2 states
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Fig 39. SCT configuration example

This application of the SCT uses the following configuration (all register values not listed

in Table 234 are set to their default values):

Table 234. SCT configuration example

Configuration Registers Setting

Counter CONFIG Uses one counter (UNIFY = 1).

CONFIG Enable the autolimit for MATO. (AUTOLIMIT = 1).
CTRL Uses unidirectional counter (BIDIR_L = 0).

Clock base CONFIG Uses default values for clock configuration.

Match/Capture registers REGMODE Configure one match register for each match event by setting
REGMODE_L bits 0,1, 2, 3, 4 to 0. This is the default.

Define match values MATCHO0/1/2/3/4 Set a match value MATCHO/1/2/3/4_L in each register. The match O
register serves as an automatic limit event that resets the counter
without using an event. To enable the automatic limit, set the
AUTOLIMIT bit in the CONFIG register.

Define match reload MATCHRELO0/1/2/3/4 Set a match reload value RELOADO/1/2/3/4_L in each register

values (same as the match value in this example).

Define when event 0 EVO_CTRL ® Set COMBMODE = 0x1. Event 0 uses match condition only.

occurs * Set MATCHSEL = 1. Select match value of match register 1.

The match value of MAT1 is associated with event 0.

Define when event 1 EV1_CTRL ®* Set COMBMODE = 0x1. Event 1 uses match condition only.

occurs

UM10736
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Configuration

Define when event 2
occurs

Define how event 2
changes the state

Define when event 3
occurs

Define when event 4
occurs

Define when event 5
occurs

Define how event 5
changes the state

Define by which events
output 0 is set

Define by which events
output O is cleared

Configure states in
which event 0 is enabled

Configure states in
which event 1 is enabled

Configure states in
which event 2 is enabled

Configure states in
which event 3 is enabled

Configure states in
which event 4 is enabled

Configure states in
which event 5 is enabled

UM10736

Registers
EV2_CTRL

EV2_CTRL

EV3_CTRL

EV4_CTRL

EV5_CTRL

EV5_CTRL

OUTO_SET

OUTO_CLR

EVO_STATE

EV1_STATE

EV2_STATE

EV3_STATE

EV4_STATE

EV5_STATE

Setting

Set COMBMODE = 0x3. Event 2 uses match condition and I/O
condition.

Set IOSEL = 0. Select input O.
Set IOCOND = 0x0. Input 0 is LOW.

Set MATCHSEL = 0. Chooses match register 0 to qualify the
event.

Set STATEV bits to 1 and the STATED bit to 1. Event 2 changes the
state to state 1.

Set COMBMODE = 0x1. Event 3 uses match condition only.

Set MATCHSEL = 0x3. Select match value of match register 3.
The match value of MAT3 is associated with event 3..

Set COMBMODE = 0x1. Event 4 uses match condition only.

Set MATCHSEL = 0x4. Select match value of match register
4.The match value of MAT4 is associated with event 4.

Set COMBMODE = 0x3. Event 5 uses match condition and I/O
condition.

Set IOSEL = 0. Select input 0.
Set IOCOND = 0x3. Input 0 is HIGH.

Set MATCHSEL = 0. Chooses match register 0 to qualify the
event.

Set STATEV bits to 0 and the STATED bit to 1. Event 5 changes the
state to state O.

Set SETO bits 0 (for event 0) and 3 (for event 3) to one to set the
output when these events 0 and 3 occur.

Set CLRO bits 1 (for events 1) and 4 (for event 4) to one to clear the
output when events 1 and 4 occur.

Set STATEMSKO bit 0 to 1. Set all other bits to 0. Event 0 is enabled
in state 0.

Set STATEMSK1 bit 0 to 1. Set all other bits to 0. Event 1 is enabled
in state 0.

Set STATEMSK2 bit 0 to 1. Set all other bits to 0. Event 2 is enabled
in state 0.

Set STATEMSKS3 bit 1 to 1. Set all other bits to 0. Event 3 is enabled
in state 1.

Set STATEMSK4 bit 1 to 1. Set all other bits to 0. Event 4 is enabled
in state 1.

Set STATEMSKS5 bit 1 to 1. Set all other bits to 0. Event 5 is enabled
in state 1.
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16.1 How to read this chapter

16.2 Features

The small SCTs are available on all parts. The SCT2 and SCT3 outputs #5 cannot be
connected to external pins on the LQFP48 and LQFP64 packages. The SCT3 output #4
cannot be connected to a pin on the LQFP48 package. (All outputs are available for
internal connections.)

UM10736

The following feature list summarizes the configuration for the two small SCTs. Each small
SCT has a companion large SCT (see Section 15.2) with more inputs and outputs and a
dither engine.

* Each SCT supports:

8 match/capture registers
10 events

10 states

3 inputs and 6 outputs
DMA support

e Counter/timer features:

Configurable as two 16-bit counters or one 32-bit counter.
Counters clocked by bus clock or selected input.
Up counters or up-down counters.

Configurable number of match and capture registers. Up to 16 match and capture
registers total.

Upon match create the following events: interrupt, stop, limit timer or change
direction; toggle outputs; change state.

Counter value can be loaded into capture register triggered by match or
input/output toggle.

* PWM features:

Counters can be used in conjunction with match registers to toggle outputs and
create time-proportioned PWM signals.

Up to six single-edge or dual-edge controlled PWM outputs with independent duty
cycles if configured as 32-bit timers.

* Event creation features:

The following conditions define an event: a counter match condition, an input (or
output) condition, a combination of a match and/or and input/output condition in a
specified state.

Selected events can limit, halt, start, or stop a counter.

Events control state changes, outputs, interrupts, and DMA requests.
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— Match register 0 can be used as an automatic limit.

— In bi-directional mode, events can be enabled based on the count direction.
— Match events can be held until another qualifying event occurs.

State control features:

— A state is defined by events that can take place in the state while the counter is
running.

— A state changes into another state as result of an event.
— Each event can be assigned to one or more states.
— State variable allows sequencing across multiple counter cycles.

Integrated with an input pre-processing unit (SCTIPU) to combine or delay input
events.

Inputs and outputs on the SCT2 and SCT3 are configured as follows:

3 inputs. Each input selects one of 21 sources from an input multiplexer.
6 outputs (some outputs are connected to multiple locations)

— Three outputs connected to external pins through the switch matrix as movable
functions.

— Three outputs connected to external pins through the switch matrix as fixed-pin
functions.

— Two outputs connected to the SCT IPU to use as sample and abort inputs.
— Four outputs connected to the accompanying large SCT
— Two outputs connected to each ADC trigger input

16.3 Basic configuration

UM10736

Configure the SCT2/3 as follows:

Use the SYSAHBCLKCTRL1 register (Table 51) to enable the clock to the SCT
register interface and peripheral clock.

Clear the SCT2/3 peripheral resets using the PRESETCTRL1 register (Table 36).
The SCT2/3 combined interrupts are connected to slot #18/19 in the NVIC.

Use the switch matrix and SCT2/3_INMUX registers to connect the SCT inputs and
outputs to external pins or internally (see Section 16.4).

Remark: For applications that require exact timing of the SCT outputs (for example
PWM), assign the outputs only to fixed-pin functions to ensure that the output skew is
nearly the same for all outputs.

The SCT DMA request lines 2 and 3 are connected to the DMA trigger inputs via the
DMA_ITRIG_INMUX registers. See Table 132 “DMA input trigger Input mux registers
0to 17 (DMA_ITRIG_INMUX]0:17], address 0x4001 40E0 (DMA_ITRIG_INMUXO) to
0x4001 4124 (DMA_ITRIG_INMUX17)) bit description”.
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SYSCON SCT2

system clock CLOCK
PROCESSING

SCT3

CLOCK
PROCESSING

————————————> to SCTON

Fig 40. Small SCT clocking

pins —» SWM pins
SCTO outputs —> —
SCTIPU outputs — | sc1a —{ ADCO/1 TRIGGER |
ACMPO/1/2/3 outputs — | INPUT [
scT2 _.| |
ADCO/1 THCMP interrupts —>| MUX SCT IPU
core interrupt —> —»| SCTO INPUT MUX |
USB_FTOGGLE —»
|| DMATRIGGER
INPUT MUX
Fig 41. SCT2 connections
pins —» SWM pins
SCT1 outputs — N
SCTIPU outputs —| sc13 |» | ADCO/1 TRIGGER |

ACMPO0/1/2/3 outputs —> | INPUT ||
ADCO0/1 THCMP interrupts —>| MUX

core interrupt —» —-| SCT1 INPUT MUX |
USB_FTOGGLE —»

SCT3 —-| SCTIPU |

| DMATRIGGER
INPUT MUX

Fig 42. SCT3 connections
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16.3.1 SCT inputs and outputs

Each of the SCT inputs has a pre-selector that can select one of 21 possible input signals
(SCT input mux). The input signals are numbered 0 to 20 (see Figure 43), and the signal
number is programmed in the SCT2_INMUXn or SCT3_INMUXn register for any
particular input:

SCT2 inputs are selected through input muxes SCT2_INMUX[0:2]. See Table 129.
SCT3 inputs are selected through input muxes SCT3_INMUXJ[0:2]. See Table 130.

Each large SCT has 6 outputs. All outputs are connected to external pins through the
switch matrix. Some outputs are routed to the other SCT blocks, to the ADC trigger inputs,
and to the SCT IPU. An SCT output can be routed to multiple places.

3.0
5:4
o 8
7:6 g
8 Zlo0
9 I
10| &
13:10 8
18:14
external 4 0
Y R—F 19
pins —— 1
large SCTO 2 _ 20 2
output 4/5 — 3
SWITCH 64 external
large SCTO 2 4 - [ =
output 7/8 5 MATRIX pins
ADCO_THCMP_IRQ
.
ADC1_THCMP_IRQ " .
ACMP[3:0]_OUT .
scTiPU —2
USB_FRAME_TOGGLE
DEBUG_HALTED ADC1 TRIGGER
ADCO TRIGGER
3.0
: 7
o4 o SCTO_INMUX[6:0]
76| 5
sl 2|2 ADCO TRIGGER
ol T
N
13:10, 5 u SCTO_INMUX[6:0
1814 | @ - [6:0]
19 —> ADC1 TRIGGER
—20> — ——>» SCTIPU SAMPLE_ENABLE
Fig 43. SCT2 inputs and outputs
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Fig 44. SCT3inputs and outputs
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