Navigating a Processor's
Reference Manual

Overview

Even though our project mostly utilizes pre-developed drivers for ADC, GPIO, CAN, etc... peripherals for our
RC car project, we still need to have a good understanding of their underlying usage. This is even more
important if we need to debug any integration issues when connecting new sensors or components as we build
the car. If we end up using a new peripheral for a component, we need to know how to write our own driver for
it. At that point, we need to navigate our processor's reference manual to learn the peripheral's functionality and
configuration.

Reference Manual vs Datasheet

LPC408x Reference Manual: Reference Manual

The Reference Manual contains all functional and usage descriptions of the processor series and its
peripherals. The Datasheet describes the mechanical and electrical characteristics of the specific processor
model. For our purposes, we can think of using the Reference Manual to learn about a certain peripheral
(UART, CAN, etc...) and how to configure it, while using the Datasheet to figure out what external pins we can
use to connect to the peripheral.

How to Find the Details of a Peripheral You Are Working With

The reference manual is a huge document, so we always need to have a specific peripheral in mind and start
with the table of contents. For our example, we will use the CAN peripheral. We look for the chapter that
contains the "CAN Controller". This same process works for any other peripheral like UART, PWM, etc...
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20.1 Basic configuration

The CAN1/2 peripherals are configured using the following registers:

1

5.

[

Power: In the PCONP register (Section 3.3.2.2), set bits PCAN1/2
Remark: On reset, the CAN1/2 blocks are disabled (PCAN1/2 = Q).

. Peripheral clock: The CAN interfaces operate from the common PCLK that clocks

both the bus interface and functional portion of most APB peripherals. See
Section 3.3.3.5.

Remark: If CAN baud rates above 100 kbit/s (see Table 447) are needed, do not
select the IRC as the clock source (see Section 3.11).

. Wake-up: CAN confrodlers are able to wake up the microcontroller from Power-down

mode, see Seclion 3.12.8.

. Pins: Select CAN1/2 pins through and their pin modes through the relevant IDCON

registers (Section 7.4.1).

Interrupts: CAN interrupts are enabled using the CAN1/2IER registers (Table 446).
Interrupts are enabled in tha MVIC using the appropriate Intarrupt Set Enable registar.

. CAN controller initialization: see CANMOD register (Section 20.7.1).

20.2 CAN controllers

Figure 1: Using the Table of Contents to find the specific peripheral
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The Peripheral chapter contains its own informal table of contents with links to each section for configuration,
functional description, and register details. We should read the functional description sections to get an
understanding of how the peripheral could be used and any special functionalities. After understanding the
peripheral, the next step is to learn about its registers and their configuration. Each peripheral chapter has a
section for "Register description” which lists all registers.
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20.7 Register description

CAN block implements the registers at several base addressas

Table 437. Register overview: CAN acceptance filter (base address Dxd003 COOD)

LAERLE | @, LS,

Harme Access Address Description Resst Value Table
Chapter 13: LP( S
AFMR RW D000 Acceptance Filer Register 1 455
Chapter 20: LPCADSx/407x | SFF_SA RW w04 Saarwtard Frame Indadual Start Address Register 0 i}
SFF_GRP_SA RwW 0B Snandard Frame Group Start Address Register V] 4T
EFF_SA RW OxDOC Exterded Frame Starl Address Register o 483
EFF_GRF_SA RW D010 Extended Frame Group Start Address Regisier o 489
EMDOFTABLE W D14 End of AF Tables register o 470
LUTERRAD RO D18 LUT Errar Address regisier o 471
LUTERR RO Ox01C LUT Error Register o 4r2
FCAMIE RwW D020 FullCAMN mtermupt enabile negester o 473
FCANKCD RW D024 FullCAMN mtermupl and capture regester o 474
FCAMICT W D28 FullCAN nt=rupt and capture regester] o 475

Table 438, Reglster cverview: central CAN (base address 0x4004 0004)

Hame Access Address Description Reset Value Table
offset

TXSR RO D000 CAN Central Transmit Stafus Register CeDOO3 000 480

RXSR RO D004 CAN Central Recene Status Register o ﬂ

MER RO D008 CAN Central Miscellaneous Regesier o 462

Table 439. Register overview: CAN [base address Oxd004 4000 (CAN1) and 0x4004 8000 (CANZ))

Generic Access Address Description Reset value Table

Hame offset

MoD RwW OxD00 Controls the operabing mode of the CAN Conlraller. 1 442

CMR WO Ox004 Command bils that affect e state of the CAN Cantroller 0 443

G5k RO 0008 Glabal Controller Status and Error Courters. Thie eror 030 444
counters can only be witten when RM in CANMOD i3 1
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Figure 2: The Register list section of the CAN peripheral chapter

From this list, we can link directly to a specific register you need to use. There will be a description of the
controls contained within that specific register.

20.7.1 CAN Mode register

The contents of the Mode Register are used to change the behavior of the CAN
Controller. Bits may e 56107 resel by the CPU thal uses the Mode Regisled a5 a
readiwrile mamory.

Tha Tollowing restrctions apply o wsing the bils in this regisiar

* During a Hardware reset or when the Bus Satus bit is set "1" (Bus-0ff), the Reset
Mode bat is set "1° (present). After the Reset Mode bit is set '0f the CAN Controlier will
wiil for

-one occumence of Bus-Fres signal (11 recessive bits), if the precading resst has
been caused by a Hardware reset of & CPU-initisted reset

- 128 peccurrences of Bus-Fres, if the preceding ressl has been caused by a CAN
Controfler initiated Bus-Off, before re-entenng the Bus-On moda.

This made of operation forces the CAN Controller 1o be efror passive, Message
Transmission is nof possibla. The Listen Only Mode can be used e.g. for softwars
driven bit rate detection and “hot plugging”

A write access o the bits MOD 1 and MOD 2 13 possibbe anly if the Resed Mode s
entered previously.
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Figure 3: Description of the CAN1MOD register and any relevant considerations

After the description, we will find the list of all control bits inside that specific register, along with their usage
description.
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Table 442. CAM Mode register (CANTMOD - address 0x4004 4000, CANZMOD - address 0x4004 8000) bit description

|;-:| Bit Symbeol Value Function Rezet RM
AR Value Set
£U.4 FIN QESCTpnon o RM Reset Mode i i
] Mormal. The CAN Controller is in the Ciperating Mode, and cenan regesiers can not
be written
1 Resel CAN aperaion is disabled, wrilabde regislers can be wrilten and the eurent
transmissonreception of a message is aboried
1 LOM Listen Only Mode 0 =
1] Marmal, The CAN confroller acknowledges a successhully received message on
the CAN bus. The armor counters are stopped at the curment value.
1 Listen only. The controller gives no acknowledgment, even f a message is

suctessiully received Messages cannol be sent, and the conbroller aperslés in
“ermor passive” mode. This mode is intended for software bit rate detection and “het

plugging”
2 STM Seif Test Mode 0 x
o Marmal. & transmitted message musi be acknowledged 1o be considered
suceesshul.
1 Self tesl. The contioller will consider a Ty message successhul aven if thens & no

acknowledgment received

In this mode & full node tes 5 possibie without any other active node on the bus
using the SRR bit in CANxCMR

a TPM Transmil Pricdity Mode 0 x
1] CAM ID. The transmit priceity for 3 Transmit Bufiers depends on the CAN Identifier
1 Local prority. The fransmet pority for 3 Transmit Buffers depends on the contents

of the Tx Priorty register within the Transmit Buffer

Figure 4: Control bit descriptions for the entire CAN1MOD register

Using the Datasheet to Find Pin Outputs

LPC408x Datasheet: Datasheet

The last step when using a peripheral is to determine which GPIO pins can be used to connect to an external
circuit or component. The datasheet (separate document) describes each pin connection and its available
usages on our specific processor model. In this example, we see that the CANL1 receiver input signal is
connected to the PO[0] (labeled P0.0 on the SJTwo board) GPIO pin.

E : Tatilo 3.  Pin description
B " Mofal fanctions are avelable on af paris, Sew Tabde 2 (Ethemed. USE. LCD, QE! SDMUWE, comparaior pins) and Table 5 [EWC pins).
; Symibol 2 _ Dmacripton
s 2 I k- 2 = =
o - = =
i o [ B
i g § EE [ H
T = = I8 3 9 [B E E
£ - 2 £ =
| [ ! : a & |= [ |
PO[D] ta FO[31] o Poat 0: Port O is & 32-bit VD port wath individual direction
ceiirids tar eaeh Bt Tha aparation of por 0 pins depands
upen e pin funciien selecied via the pin connect ok
PO() B4 U5 |Mi0D 66 |#6 |37 58 B LPU |0 POD] — Genersl purposs digital inputioussl pin
i GANZRON — CAM1 receiver input.
* o U3_TXD = Traramitier cetput for LIARTA
i D BC1_SDA — PC1 dats gulioutput [Biss pin coss not use |
#h  spacialized 12C pad)
ol (+] U0_TXD — Traramitler caipil for UARTO
On-chip flash program I ; PO[T) ot T4 N1t B7 a7 38 J1a e} ILPU LD PO[1] — General purpose digital inputiouipul pin
— = ; o CAN_TD1 — CAN1 ransmitter cutput
E I L
E i ] U3_RXD — Recsivar input for LIARTA
:z_ i o RCA_SCL — IPCA clock inpulicutpad (ihis pin doss met
2 4 | |use 3 speoalized (2C pad)
i | It U0_RXD — Receiver input for LIARTD,

Figure 5: Processor Datasheet pin descriptions for all physical pin connections

This matches the exposed breakout pin P0.0 on our SJ-Two board for the CAN1 peripheral:
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