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Content Revisions

This document contains the following changes to content, causing it to differ from
previous versions. Minor typographical changes, where they do not affect content, are not
tracked here.

Record of Revisions

pate | PASE | SECTION. TASLE SUMMARY OF CHANGES
Book All Rolled version from Preliminary to Version 1.0
Preface | Text Clarified
312,813 |s214an93218:1 | g heynchvonous Bus Mode'
4-16 Figure 4-7 Figure corrected
417 Note Note added to clarify address connection for config-
urable-width data bus memory devices.
Clarified that programming the GBLCNFG:CKSD bit to 1
5.17 5-28 Section 5.1.4.7; causes the SCKEXx clock tg free-run only when the SDMC
’ Table 5-22 controls the EBI, and that it stops when the SMC controls
the EBI.
5-23 Section 5.1.6 Synchronous Flash section removed.
6-4 Table 6-2 gviirs]ot;fbcla; 'Ia'li(rjr:jir(; /Timer2 corrected to 7395; Timer3 en-
10-11-04 6-4 6.1.1.4 Section added to describe TICK interrupt
6-6 6.1.2.1.1 Standby to Run transition process clarified
6-8 Table 6-6 CHIPID bit definitions corrected
6-11 Table 6-8 PGMCLK and WDTSEL bit definitions clarified
6-13 Table 6-16 Definition of STFCLR bit corrected
HCKL Divisor: Corr finition to ‘FASTBUS’; al
6-15 Table 6-18 ccfirected ggfin(i:ti%net(g?g:gggus?.o 1o PASTBEUS also
9-9 9.1.6 Updated DMA priority list
10-13 Figure 10-5 Clock source corrected to ‘HCLK’
10-25 Table 10-16 CSEL bit added
11-2 11.1.1 References to invalid settings of WDTSEL removed
Chapter 17 | All SPI mode removed from document
21-40 Table 21-26 DIVFACT bit definition corrected

NXP Semiconductors Ver. 1.3 — 27 August 2007 i




Content Revisions

LH7A400 User’s Guide

Record of Revisions (Cont’d)

DATE PAGE | SR On-TASLE SUMMARY OF CHANGES
Book All Rolled Version to 1.1
4-13 Section 4.1.6.1.1 Removed requirement to have pull-up resistors
5-2 Text Corrected description of SDRAM memory banks
10-3 Section 10.1.2 Corrected Feature List
10-24 Table 10-15 Corrected CSEL bit (was marked RESERVED)
3-23-06 10-29 | Table 10-24 Corrected definition of WATERMARK bit
11-2 Section 11.1.1.1 Added step 1
11-2 Section 11.1.1.2 Added section
21.28 Text g)?sr(r)%%feodlzggse address from 0x80000.0F00 to
Chapter 21 | All Corrected register naming errors
Book All Rolled version to Version 1.2
1-2 Section 1.2 Removed pin list table; duplicated from Data Sheet.
407 7-3 Section 7.1.2 Corrected register name ‘CON3’ to ‘CON’.
16-19 Section 16.2.2.5 Corrected register name ‘UARTCONS’ to ‘CON’.
Book All Rolled version to Version 1.3
5.15-07 6-11 Table 6-7 & Table 6-8 | Corrected bit 0 to “Reserved”.
Chapter 11 | Various “system reset” corrected to “WDT reset”
i142271 i17 ;;,b'll?akza:e-“é{l-—ggle 21- | Clarified condition that asserts the MTCI interrupt.
8-97-07 Al _ All references to Sharp replaced with NXP. Revision

number rolled to Version 1.3.
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Preface

The NXP LH7A400 is a complete MCU. This User’s Guide is the principal technical refer-
ence for this device. This document assumes the reader is familiar with ARM922T pro-
gramming. For more information on programming the ARM922T core, see the library of
methods and downloads available from ARM Ltd., at
http://www.nxp.com/redirect/arm.com.

For an abridged version of this User’s Guide, consult the LH7A400 Data Sheet and the sin-
gle page Product Brief. For details, contact a NXP representative or see the NXP Semi-
conductors website (http://www.nxp.com).

Application Notes and further information on connecting, programming and implementing
the LH7A400, along with suggestions for companion parts, can be found on NXP's website
(http://www.nxp.com).

IMPORTANT: The following sections contain important design information about the LH7A400. Please take a
moment to read the ‘Conventions and Terms’ section in its entirety.

Conventions and Terms

For information on specific terms and acronyms see the Glossary in this User's Guide.

Unconnected (Floating) Inputs

Many applications employing the LH7A400 require extremely low standby and operating
current consumption, especially in battery operated devices. To achieve minimum current,
unused inputs must never be left floating (unconnected). Each input must be pulled up or
pulled down with a 33 kQ resistor (or smaller). In addition to terminating input pins, this also
allows the designer to specify the reset state of input pins by selecting pull up (logical 1 at
reset) or pull down (logical O at reset) resistors.

Multiplexed Pins

The LH7A400 is manufactured in a BGA package with 255 pins. Some pins have only one
function, but others are multiplexed and may carry as many as three functions. Designers
must be aware that multiplexed pins cannot simultaneously support more than one func-
tion; a choice is required prior to designing the MCU into an application.

Pins Listed in Diagrams

Pin numbers listed in any diagrams are for reference only, and represent the PBGA pack-
age pin number. For CABGA pin numbers, refer to the pin listing table in Chapter 1.
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Pin Names

Package pins are named to indicate the signal(s) or functionality available at the pin. If the
signal or function is active LOW, the name is prefixed with a lower-case ‘n’, such as
nSCS2. Multiplexed pins are named to indicate all available functions, such as Pin L10:
LCDVD5/PE1, which can function as either LCD Data bit 5, or GPIO Port E bit 1.

These naming conventions help designers recognize and avoid collisions between multi-
plexed functions but can complicate explanatory text, so this User's Guide uses the name
appropriate to the context. A discussion of LCD data, for example, would refer to signal
LCDVDS5, but information about Port E bit 1 would use PE1. Readers must be aware that
these are separate signals, with distinctly different functionality, which happen to be avail-
able on the same pin. Such signals are not simultaneously available at the pin.

Peripheral Devices

The LH7A400 is an MCU built using the ARM922T RISC core as a base. Objects within
the chip but external to the core processor and its support devices are referred to through-
out this User’s Guide as ‘blocks’ or ‘Peripheral Devices’.

The LH7A400 includes two buses: an Advanced High-Performance Bus (AHB) and an
Advanced Peripheral Bus (APB). The devices shown on the APB in the block diagrams are
an example of Peripheral Devices in this document. Devices that are external to the chip
are referred to as ‘External Devices’.

Register Addresses

The LH7A400 is a memory-mapped device with programmable, internal registers that con-
trol its operation. Each internal register is located at a unique address in the memory map
and the registers are generally grouped in the map by subsystem.

In this User’s Guide, the addresses for all registers are expressed as a base address and
an offset from that base. The base address indicates where in the map a group of registers
begins and the offset locates a particular register, relative to its base address. Thus, any
register’s absolute address is the sum of its base address and its offset. Programmers will
find this base+offset representation convenient for creating software structures to access
the registers. The absolute addresses are also provided for convenient reference.

XXXVi
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Register Tables

All Registers are presented in tabular format. A primary table presents each register’s
name, address, permissions, bit-field names and the register’s contents at reset. Subse-
quent tables detail the specific names and function(s) of all bit fields in the register and
explain any important variations that may exist.

An important detail to note is that all registers are not perfectly writable and readable.
Some will exhibit different characteristics on a write, while a read may not return the
expected result. At the same time, there will be registers whose function on a write is to
clear a value or a set of stored values, while on a read will return a specific set of values.
This is particularly true in registers that handle interrupts. Writing to a specific register may
clear a set of interrupts, while reading that same register will yield which interrupts are set.

Similarly, not all bit fields in all registers can be written, nor can all register bit fields yield
useful information when read. These restricted register bit fields will be specifically called
out with three slashes (///) and the word ‘Reserved’, along with their special conditions in
the bit field tables. See Table 1 and Table 2 for examples of this practice.

Table 1. Register Name

BIT 31 [ 30 | 20 | 28 [ 27 [ 26 | 25 | 24 [ 23 [ 22 | 21 [ 20 [ 19 | 18 | 17 | 16
FIELD i F25 i

RESET| 0 | o [ o] ol oo | of]oJolo]o|lof]o]o]o]o
TYPE |RO |RO | RO | RO | RO | RO |RW|RO|RO|RO|RO|RO|RO|RO|RO|RO

ADDR _
BIT 15|14]13\12\11|1o|9]8 7 | 6| 5| a] 3 2 1 0
FIELD i Fo7 | Foe | FO5 | Fo4 | Fo3 | Fo2 | Fo1 | Foo

RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE RO | RO | RO | RO | RO | RO | RO | RO |RW|RW|RW|RW/|RW| RW | RW | RW
ADDR REGISTERBASE + 0x0004

Table 2. Bit Fields

BITS FIELD FUNCTION
31:26 " Reserved Reading returns 0. Values written cannot be read.
25 F25 Field 25 A description of this bit’s functionality will be found in this space.
24:8 i Reserved Reading returns 0. Writing to this field will have no effect.
. ) Field Bits [7:0] A description of these bits’ functionality will be found in
7:0 F7:FO .
this space.

NXP Semiconductors Ver. 1.3 — 27 August 2007 XXXVii



Preface LH7A400 User’s Guide

Numeric Values
Binary values are prefixed with Ob; for example, 0b00001000.

Hexadecimal values are expressed with UPPERCASE letters and prefixed with Ox; for
example, OxOFBC.

All numeric values not specifically identified with the above prefixes as either binary or
hexadecimal are decimal values.

Registers and bit fields with Ob0 in all bits are referred to as cleared or as 0. Registers and
bit fields with Ob1 values in all bits are referred to as set or as the binary, hexadecimal, or
decimal value of the entire field or register. When truth tables are used, the ‘Ob’ prefix is
omitted for textual clarity.

Block Diagrams
The functional descriptions in this User’'s Guide include block diagrams with symbols rep-
resenting logical or mathematical operations or selections, usually the result of writing a
value to a register. Figure 1 shows one such multiplexer with three inputs and one output
(the result).

CONTROL SIGNAL or
REGISTER:BITFIELD

INPUT —

INPUT — FUNCTION OUTPUT

INPUT ——

7A400-94

Figure 1. Multiplexer
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Block diagrams can include symbols representing Registers and the bit fields within them.
Figure 2 shows that the BITFIELDNAME bit field in the REGISTERNAME register enables
or disables the signal named OUTPUT.

REGISTERNAME:BITFIELDNAME

INPUT —= f() OUTPUT

LH7A400-95

Figure 2. Register with Bit-Field Named

Figure 4 is similar to Figure 2 except that Figure 4 references multiple (different)
BITFIELDS in the REGISTERNAME register.

REGISTERNAME: 15:3

I
!
INPUT | f() OUTPUT

LH7A400-93

Figure 3. Register with Multiple Bit-Fields Named

Not all bit fields are named. If a bit field has no name, the Register is shown with numbers
indicating the appropriate bit positions, with the least significant bit on the right, as in
Figure 4. This bit ordering matches that of the Register tables, shown in Table 1.

REGISTERNAME: [BITFIELDNAME, BITFIELDNAME]

INPUT —= () OUTPUT

7A400-96

Figure 4. Register with Bit-Field Numbered
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What’s in This User’s Guide

Chapter 1 - Introduction

This contains the complete LH7A400 BGA pinout is presented in tabular format. Included
is the pin description, reset state, standby state, and output drive current (for output pins).

Chapter 2 — System Overview

This Chapter lists the features of the LH7A400 MCU and presents a simplified block dia-
gram of the device, with the major architectural features identified.

Chapter 3 — Core and Memory Systems

This Chapter presents the theory of operation of the LH7A400 MCU, including an overview
of the ARM922T processor and MMU. The theory of operation covers bus architecture,
bus arbitration, and the base addresses for each of the Advanced High-Performance Bus
(AHB) and Advanced Peripheral Bus (APB) devices and the APB Bridge. Coverage of the
memory system includes memory mapping, memory remapping, and the External Bus
Interface (EBI). This Chapter provides programmer’s models, programmable parameters,
default memory widths, address mapping, and includes a register summary and register
descriptions for the core and memory map.

Chapter 4 — Static Memory Controller

This Chapter presents the theory of operation of the LH7A400 Static Memory Controller
(SMC), including programmable parameters, default memory widths, and address mapping.
Also included in this chapter is operational description fo the PCMCIA and CompactFlash
cards. This Chapter includes a register summary and register descriptions for the SMC.

Chapter 5 — SDRAM Controller

This Chapter presents the theory of operation of the LH7A400 Synchronous Dynamic RAM
Memory (SDRAM) Controller, including programmable parameters, device selection,
memory widths, and address mapping. This Chapter includes a register summary and reg-
ister descriptions for the SDRAM Controller.

Chapter 6 — Clock Domains and State Machine

This Chapter presents an overview of the LH7A400 Clock and State Controller (CSC),
including a block diagram, a list of clock signals, power control modes, programmer’s
model, register summaries, state diagram, and register descriptions.

Chapter 7 — I/O Control and Multiplexing

This Chapter is an overview of the LH7A400 I/O Controls and pin Multiplexing. The Chap-
ter provides a block diagram, programmer’s model, register summary and descriptions.
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Chapter 8 — Interrupt Controller

This Chapter describes the LH7A400 Interrupt Controller. The Chapter includes a short
overview, a block diagram, programmer’s model, interrupt channel list, register summa-
ries, and register descriptions.

Chapter 9 — DMA Controller

This Chapter describes the DMA operations available in the LH7A400 MCU, latencies from
one process to another, and the interrupts involved.

Chapter 10 — Color LCD Controller

This Chapter describes the Color LCD Controller (CLCDC) and the HR-TFT Controller
(HRTFTC) functional blocks within the LH7A400. The Chapter includes a brief overview, lists
the types of panels supported, and at what bit-depths. The Chapter also lists and explains the
programmable parameters, presents a programmer’s model, and includes a register summary.
Register descriptions, with reset values, and horizontal timing restrictions are provided.

Chapter 11 — Watchdog Timer

This Chapter describes the LH7A400 Watchdog Timer (WDT). The Chapter includes a
short overview, block diagram, programmer’s model, signal descriptions, operating
sequences, register summaries and register descriptions.

Chapter 12 — Real Time Clock

This Chapter describes the LH7A400 Real Time Clock (RTC). The Chapter includes a short
overview, a block diagram, a list of clock signals, programmer’s model, signal descriptions,
operating sequences, register summaries, register descriptions and interface signals.

Chapter 13 — Timer Counters

This Chapter describes the LH7A400 Timer Counters. The Chapter includes a short over-
view and block diagram, signal descriptions, operation sequences, register summaries,
register descriptions, and interface signals.

Chapter 14 — Synchronous Serial Ports

This Chapter presents an overview of the LH7A400 Synchronous Serial Ports, a block
diagram, programmer’s model, register summary, register descriptions, Interrupts, and
register locations.

Chapter 15 — UARTs

This Chapter presents the LH7A400 UART blocks. The Chapter includes a brief overview,
block diagram, programmer’s model, programmable parameters, register summary and
register descriptions.

Chapter 16 — General Purpose Input/Output

This Chapter presents the LH7A400 General Purpose Input/Output (GPIO) systems,
beginning with a brief overview, and including a block diagram, programmer’s model, reg-
ister summary, and register descriptions.
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Chapter 17 — Multi-Media Card Adapter

This Chapter presents the LH7A400 Multi-Media Card (MMC) adapter, beginning with a
brief overview, and including a block diagram, programmer’s model, register summary,
and register descriptions.

Chapter 18 — USB Device

This Chapter presents the LH7A400 USB Device, beginning with a brief overview,
and including a block diagram, programmer’s model, register summary, and register
descriptions.

Chapter 19 — AC97 Codec

This Chapter presents the LH7A400 AC97 Codec, beginning with a brief
overview, and including a block diagram, programmer’s model, register summary, and
register descriptions.

Chapter 20 — Audio Codec

This Chapter presents the LH7A400 Audio Codec, beginning with a brief overview, and
including a block diagram, programmer’s model, register summary, and register descriptions.

Chapter 21 — Battery Monitor Interface

This Chapter presents the LH7A400 Battery Monitor Interface (BMI), beginning with a brief
overview, and including a block diagram, programmer’s model, register summary, and
register descriptions.

Chapter 22 — DC-DC Converter Interface

This Chapter presents the LH7A400 DC-DC Converter interface, beginning with a brief
overview, and including a block diagram, programmer’s model, register summary, and
register descriptions.

Chapter 23 — Smart Card Interface

This Chapter presents the LH7A400 Smart Card Interface (SCI), beginning with a brief
overview, and including a block diagram, programmer’s model, register summary, and reg-
ister descriptions.

Chapter 24 — Glossary

This Chapter contains an alphabetical listing of common terminology appearing in this
User’s Guide.
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Chapter 1 _
Introduction

1.1 Description

The LH7A400 is a fully-integrated MCU based on the 32-bit ARM922TDMI™ core. The
core comprises an ARM9TDMI™ RISC CPU, Cache RAM, a Write buffer, Memory Man-
agement Unit (MMU), and Translation Lookaside Buffer (TLB). Complementing the core
are a Direct Memory Access Controller, Interrupt Controller, Color LCD Controller, 80K of
internal SRAM, and high performance functional blocks that provide a glueless interface
to external memory. A fully static design provides low voltage operation and a complete
set of power management features.

Features of the LH7A400 include:

e Serial and Parallel interfaces

* Three Programmable Timers

* Real Time Clock

* Watchdog Timer

* Three UARTSs; one with Infrared support (IrDA)

e AC97 and standard Audio Codec

* USB device interface

» Battery Monitor interfaces

* MultiMediaCard/Secure Digital

e Smart Card interface (ISO7816)

e Up to 60 General Purpose I/0

e Two DC-DC Converters (Pulse Width Modulators)

On-chip phase lock loops (PLLs) supply a Clock Tree for core, Advanced High-speed Bus

(AHB) and Advanced Peripheral Bus (APB) communication. JTAG support is provided to
simplify debugging.
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1.2 Functional Pin List

The current pin listings are located in the LH7A400 Data Sheet.
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Chapter 2 _
System Overview

2.1 Introduction

This Chapter introduces the NXP LH7A400 Universal MCU, lists the features, and
describes the internal architecture and operation in general terms. Subsequent chapters
of this User’s Guide explain the major features and functions in more detail. This chapter
and the Terms and Conventions in the Preface provide a foundation for

subsequent chapters.

2.2 Features

The NXP LH7A400, powered by an ARM922T core, is a complete MCU designed with a
high level of integration to satisfy a wide range of requirements and expectations. This
design lowers overall system costs, reduces development cycle time, and accelerates
product introduction. The LH7A400 includes the following features:
* ARM922T Core
— 32-bit ARMOTDMI RISC Core
— 16KB Cache: 8KB Instruction Cache
— 8KB Data Cache
- MMU (WinCE™ Enabled)
* High Performance (200 MHz)
* 80KB On-Chip Memory
* External Bus Interface
— 100 MHz
— Asynchronous SRAM/ROM/Flash
Synchronous DRAM/Flash
PCMCIA
CompactFlash

* Clock and Power Management
— 32.768 kHz and 14.7456 MHz Oscillators
— Programmable System Clocks
— Programmable Clock Divider Output
* Low Power Modes
— Run (147 mA)
— Halt (41 mA)
— Standby (42 pA)
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* Programmable LCD Controller
— Up to 1,024 x 768 Resolution
— Supports STN, Color STN, TFT, HR-TFT, AD-TFT
— Up to 64,000 Colors and 15 Gray Shades

¢ DMA (10 Channels)
- AC97
- MMC
- USB

e USB Device Interface (USB 1.1)

¢ Synchronous Serial Port (SSP)
— Motorola SPI™
— Texas Instruments SSI
— National MICROWIRE™

* Three Programmable Timers

* Three UARTs
— 16C550-like
— Classic IrDA (115 kbit/s)

e Smart Card Interface (1ISO7816)
* DC-to-DC Converters
* MultiMediaCard™ Interface
* AC97 Codec Interface
* Smart Battery Monitor Interface
* Real Time Clock (RTC)
* Up to 60 General Purpose I/Os
* Programmable Interrupt Controller
* Watchdog Timer
* JTAG Debug Interface and Boundary Scan
* Operating Voltage
— 1.8V Core
— 3.3 V Input/Output (1.8 V I/0 Optional)

* Operating Temperature
— -40°C to +85°C

e 256-Ball PBGA or 256-ball CABGA Packages
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System Overview

2.3 Block Diagram

The LH7A400, shown in Figure 2-1, is organized around two 32-bit internal buses and
operates with two external crystals, as described below and shown in Figure 2-1:

» 32.768 kHz crystal to control power-down operations and the Real Time Clock (RTC)

* 14.7456 MHz crystal to generate the main system clock domains.

LH7A400
14.7456 MHz ~ 32.768 kHz
e Wﬁ _q 1= _FF ______________ }
|
REAL TIME
| OSCILLATOR, - I
| PLL1 and PLL2, POWER cLock |
| MANAGEMENT, and I
| RESET CONTROL ___| warcHDOG |
| - TIMER |
| |
I =
| ARM922T  |=—> TIMER (3) I
| INTERRUPT |
| CONTROLLER GENERAL I
I <> PURPOSEI/O |=—F =
I (60) |
| STATIC |
(ASYNCHRONOUS) I
' MEMORY _ | sYNcHRONOUS
| CONTROLLER ADVANCED SERIAL PORT |
| g (SMC) PERIPHERAL |
I BUS BRIDGE
I | EXTERNAL PCMCIA/CF R <« HONITOR !
<! BUS CONTROLLER NERecE | II -
: INTERFACE |
SYNCHRONOUS -1
: DYNAMIC RAM UART (9 |
| “—| CONTROLLER > -~ IrDA I
| (SDMC) INTERFACE 1
I |
LCD AHB USB DEVICE |
I 80KB | . —
| BUS SRAM INTERFACE :
|
I e I
| COLOR LoD o MULTIMEDIACARD
CONTROLLER INTERFACE
[ ™| cONTROLLER :
|
I ADVANCED AUDIO |
| <« CODEC(AC97) [ 1
; ADVANCED LCD I
| INTERFACE AUDIO CODEC |
I “1 INTERFACE A
I |
I SMART CARD |
| <>| INTERFACE [=—t—
| ADVANCED ADVANCED (1ISO7816) |
| HIGH-PERFORMANCE PERPHERAL |
| BUS (AHB) BUS (APB) DC to DC |
| <>| INTERFACE |=—F+—»
| (2) |
! _
LH7A400-1
Figure 2-1. LH7A400 Block Diagram
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The LH7A400 includes an ARM922T core, a 10-channel Direct Memory Access (DMA)
controller (DMAC) and a DMA-enabled Color LCD Controller (CLCDC) on a 32-bit
Advanced High-Performance Bus (AHB). This high level of integration promotes the con-
currency of tasks such as LCD flat-panel refresh while the core is operating in cache.

The LH7A400 on-chip memory resources include 80KB of internal Static RAM (SRAM)
embedded memory, a Static (asynchronous) Memory Controller (SMC), and a Synchro-
nous Dynamic RAM (SDRAM) Controller for interfacing to external memory devices. The
embedded memory is designed to be used for storing code, data, or LCD frame data and
to be contiguous with external SDRAM. The 80KB is large enough to store a QVGA panel
(320 x 240) at eight bits per pixel, equivalent to 70KB of information. Speed-critical mem-
ory interface control signals are pipelined to facilitate the use of the fast, local modes
offered by industry-standard dynamic RAM (DRAM) devices.

Essential on-chip peripherals are accessed via a 32-bit Advanced Peripheral Bus (APB)
connected to the Advanced High speed Bus (AHB) by a 32-bit Bridge. The AHB, APB, and
Bridge conform to the ARM Advanced Microcontroller Bus Architecture (AMBA) specifica-
tion. The 10-channel DMAC can transfer data between memory and peripherals to pro-
mote efficient AHB bandwidth utilization.

The LH7A400 can respond to interrupts from 28 different sources, 8 of which are external.
All external interrupts can be conditioned in software for level or edge sensitivity. The
Watchdog Timer (WDT), Battery Low, Media Change (MEDCH), and one of the external
interrupt sources are treated as Fast Interrupt Request (FIQ) interrupts, reducing the hard-
ware overhead in responding to these interrupts.

The LH7A400 can be reset by external input or by an internal signal from the WDT. The
active LOW Power On Reset (hPOR), active LOW Power Failure (nPWRFL), and active
LOW User Reset (hURESET) external signals generate system resets. The nPOR signal
generates a full system reset. The nPWRFL and nURESET signals allow the system to
maintain the Real Time Clock and SDRAM contents.

The LH7A400 has three operational states for power efficiency:

* In Run State, all clocks can be active including the processor clock. Software can acti-
vate and deactivate individual clocks.

* In Halt State, the device is functioning but the processor clock is halted, waiting for an
event such as a key press.

* In Standby State, the main oscillator is shut down, shutting down all peripheral clocks,
and the LCD is disabled. Only the 32.768 kHz oscillator, the RTC, and the State Con-
troller remain active. This is the lowest power state of the chip.

Additional information and documentation about AMBA, AHB, APB, and other ARM con-
cepts is available from ARM at http://www.nxp.com/redirect/arm.com.
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Chapter 3
Core and Data Paths

3.1 Theory of Operation

The LH7A400 includes an ARM922T Core, 80KB of embedded SRAM (eSRAM), and on-
chip memory controllers for a glueless interface to external memories. The Core and mem-
ory controllers use a 32-bit AHB for system interfaces and an External Bus Interface (EBI)
for external interfaces. On-chip peripherals are accessed via a 32-bit APB, connected to

the AHB through a 32-bit Bridge. Figure 3-1 shows the Core, buses, memory controllers,

EBI, DMA paths, and eSRAM.

EXTERNAL | INTERNAL
TOTHE | TOTHE
LH7A400 | LH7A400 ARM922T
|
ASYNCHRONOUS |
STATIC |
MEMORY | ASYNCHRONOUS
CONTROL STATIC MEMORY
: CONTROLLER
ADDRESS | EXTERNAL (ASMC) SUPPORT
and BUS DMA FOR MMU,
AT T [INTERFACE CONTROLLER USB, and
[ (EBI) AC97
| SYNCHRONOUS
SYNCHRONOUS | DYNAMIC
DYNAMIC MEMORY SDRAM
MEMORY | CONTROLLER
CONTROL : (SDMC)
I
80KB ADVANCED HIGH ADVANCED
SRAM PERFORMANCE PERPHERAL
BUS (AHB) BUS (APB)
32 32
LcD ADVANCED
¢ 32.] PERIPHERAL =2
AHB
BUS BRIDGE
'-C'Zr']‘(’j'MU COLOR LCD
LCD DMA CO('\éT_'éODéL)ER
CONTROLLER
LH7A400-70

Figure 3-1. LH7A400 ARM Core and Memory Interfaces

The address bus is 32 bits wide, allowing the LH7A400 to address up to 4GB of memory.
This memory space is divided into banks allocated to the Static Memory Controller (SMC)
or to the Synchronous Dynamic RAM Controller (SDMC). Multiple boot modes are avail-
able for booting from Synchronous or Asynchronous ROM or Flash. Little-endian
storage is used throughout the LH7A400.
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The LH7A400 includes two AHB Masters, the ARM922T Core and the on-chip DMA
Controller, with a fixed hardware priority. The DMA Controller supports streams from the
MultiMediaCard Controller (MMC), AC97 Codec (AC97), and Universal Serial Bus (USB)
peripherals. The Color LCD Controller (CLCDC) includes a separate, dedicated LCD AHB
for specific CLCDC accesses to the 80KB of eSRAM and to the SDMC.

Because the ARM922T is a fully static design, the LH7A400 Core and bus clock signals
can be stopped indefinitely, with no loss of internal data.

3.1.1 Operating States

The LH7A400 operates in three possible states: Run, Standby, and Halt.

The Run state is the normal operation of the system. All clocks can be active; the CPU may
set some clocks to inactive in the Run state. All peripherals and controllers can also be
active in the Run state.

The Halt state provides a low-power option when the system is waiting for an event, such
as a keyboard input. In this mode, processor clocks are deactivated and other clocks may
be deactivated by software. The LCD and all other peripherals remain active.

The Halt state can only be entered from Run by the CPU reading the Halt memory location
0x8000.0408. Halt exit and return to Run is triggered by:

* IRQ

* FIQ

* User Reset

* Power Fail signal.

In the Standby state, only the clocks derived from the 32.768 kHz clock are active. With
these clocks enabled, only the Real Time Clock and state controller remain active.
Although the other clocks are disabled, the internal chip state is maintained so normal pro-
gram flow can continue upon exiting Standby. This is the lowest power consumption state.
Standby can be entered by:

* Read from STBY location, 0x8000.040C

LOW nPWRFL (Power Fail) signal

LOW nURESET (User Reset) signal

LOW nPOR (Power On Reset) signal

Write to CLKSET register

Standby exits to Run when an interrupt occurs (except as described below), on a rising
edge on the Wakeup pin, or upon exit from a CLKSET Write. When transitioning from
Reset to Run, a delay of 8 - 16 ms occurs to allow the PLL to stabilize. If Standby was
entered due to a nPOR signal, interrupts will be disabled and cannot trigger an exit from
Standby to Run.
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3.1.2 Instruction and Data Cache

The ARM922T Core includes separate 8KB Instruction and Data Caches, Cache Control-
lers, MMU, and a Write Buffer. These elements and the associated information flows are
shown in Figure 3-2.

The Cache is an important Core feature because the AHB carries all Core, DMA, SMC,
SDMC, and eSRAM traffic. For best bandwidth utilization, structure software to ensure the
Core runs from within cache whenever possible. When the MMU is used, software can
specify memory cachability by segment or by page.

At reset, the Write Buffer, Caches and MMUs are disabled and the MMU Translation
Lookaside Buffers (TLB) are flushed.

DATA

INSTRUCTIONS DATA
INSTRUCTION COPROCESSOR 15
CACHE s CACHE

VIRTUAL
INSTRUCTION
ADDRESSES
VIRTUAL DATA
ADDRESSES

INSTRUCTION ARM922T DATA
MMU MMU
£ o
EmbeddedICE <
and JTAG 248
S
[G)=]
>0
I < PHYSICAL
pppere ADDRESS TAG
AMBA INTERFACE BUFFER
PHYSICAL COPY-BACK
INSTRUCTION l ¢ DATA ADDRESSES
ADDRESSES

AMBA AMBA
ADDRESS DATA

LH7A400-71

Figure 3-2. ARM922T Core Organization
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3.1.3 Memory Management Unit

The ARM922T Data and Instruction MMUs perform the following primary functions:
* Translate virtual addresses into physical addresses

* Enable cache and write buffering for particular ranges of virtual addresses

e Control memory access permissions.

The MMU is turned off at reset. When the MMU is turned off, all virtual addresses are out-
put directly onto the physical address bus (the AHB).

Each MMU supports memory accesses based on the following memory block sizes:
e Sections are 1MB blocks of memory

* Tiny pages are 1KB blocks of memory

* Small pages are 4KB blocks of memory

* Large pages are 64KB blocks of memory.

Large pages allow mapping a large region with a single entry in the Translation Lookaside
Buffer (TLB). Additional access control mechanisms are extended to 16KB subpages.

For information on the ARM922T MMU, see the ARM922T Technical Reference Manual,
available from ARM, Ltd.

3.1.4 Internal and External Memory

The LH7A400 can use both on-chip and external memory. The on-chip eSRAM is 80KB.
The amount and type of external memory depends on the application.

The LH7A400 External Bus Interface (EBI) and memory controllers provide access for the

following external memory technologies:

* The SDMC provides the Chip Selects and other interface signals for external SDRAM,
often the only external volatile memory used in a system.

* The SMC provides the chip selects and interface signals for other types of external
memory such as RAM, ROM, and Flash memory; and for external devices with similar
memory interfaces. The byte-lane signals interface with 8-, 16-, and 32-bit wide devices.
Synchronous Banks can include memory of varying technologies and widths. However,
all devices within a Bank controlled by the LH7A400 SMC must have similar access
characteristics, such as bus width, access time, and number of wait states. The SMC
includes PCMCIA and Compact Flash (CF) PC card support.

3.1.4.1 Memory Map

The 32-bit wide address bus can address up to 4GB of memory. This space is subdivided
into a number of memory banks and control registers (see Figure 3-3):

e Four 256MB banks are allocated to the SDMC.

* Eight 256MB banks are allocated to the SMC. Two of these banks support PCMCIA and
CF PC Card systems.

 Part of the remaining memory space is allocated to the eSRAM and the bus control registers.
* The remainder of the space is reserved.
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Each Memory Controller and peripheral controller in the LH7A400 is assigned to a specific
range of the memory map, as shown in Figure 3-3. For external memory, this assignment
determines the range of addresses over which each chip select signal is valid. This assign-
ment provides the following flexibility:

* Two versions of the memory map are available as default configurations after reset, to
support booting from synchronous or asynchronous memory. (See Section 3.1.5.)

» Software can reconfigure the memory map via the ARM MMU Coprocessor 15 (CP15)
commands. Designers can use this flexibility to optimize system performance at low cost.

When memory is addressed on word (4 byte) boundaries, both the SMC and the SDMC
provide sequential Load and Store contiguity between the external memory banks. In addi-
tion to programmable wait states, the LH7A400 provides an nWAIT input for peripherals
with very long or indeterminate access times.

F000.0000 | ASYNCHRONOUS MEMORY (nCS0) SYNCHRONOUS MEMORY (nSCS3) | 256MB
E000.0000 | SYNCHRONOUS MEMORY (nSCS2) SYNCHRONOUS MEMORY (nSCS2) | 256MB
D000.0000 | SYNCHRONOUS MEMORY (nSCS1) SYNCHRONOUS MEMORY (nSCS1) | 256MB
C000.0000 | SYNCHRONOUS MEMORY (nSCS0) SYNCHRONOUS MEMORY (nSCS0) | 256MB
B001.4000 RESERVED RESERVED
B000.0000 EMBEDDED SRAM EMBEDDED SRAM 80KB
8000.3800 RESERVED RESERVED
8000.2000 | AHB INTERNAL REGISTERS AHB INTERNAL REGISTERS
8000.0000 | APB INTERNAL REGISTERS APB INTERNAL REGISTERS
7000.0000 | ASYNCHRONOUS MEMORY (CS7) ASYNCHRONOUS MEMORY (CS7) 256MB
6000.0000 ASYNCHRONOUS MEMORY (CS6) ASYNCHRONOUS MEMORY (CS6) 256MB
5000.0000 | PCMCIA/CompactFlash (nPCSLOTE?2) PCMCIA/CompactFlash (hnPCSLOTE2) | 256MB
4000.0000 PCMCIA/CompactFlash (nPCSLOTE1) PCMCIA/CompactFlash (nPCSLOTE1) 256MB
3000.0000 ASYNCHRONOUS MEMORY (nCS3) ASYNCHRONOUS MEMORY (nCS3) 256MB
2000.0000 | ASYNCHRONOUS MEMORY (nCS2) ASYNCHRONOUS MEMORY (nCS2) | 256MB
1000.0000 ASYNCHRONOUS MEMORY (nCS1) ASYNCHRONOUS MEMORY (nCS1) 256MB
0000.0000 SYNCHRONOUS ROM (nSCS3) ASYNCHRONOUS ROM (nCS0) 256MB
SYNCHRONOUS MEMORY BOOT ASYNCHRONOUS MEMORY BOOT
LH7A400-6
Figure 3-3. Memory Controller Address Range
NXP Semiconductors Ver. 1.3 — 27 August 2007 3-5



Core and Data Paths

LH7A400 User’s Guide

3.1.5 Boot Modes

The LH7A400 can boot from either Synchronous or Asynchronous ROM or Flash memory.
The boot mode is specified at power-on reset by the Media Change signal (MEDCHG, pin
C3) and the Boot Width signals (WIDTH[1:0], pins P11 and R12, respectively). The signal
values for each boot mode are shown in Table 3-1.

The boot mode determines the memory mapping, as shown in Figure 3-4. To boot from

Synchronous memory, configure the WIDTH and MEDCHG signals to map SDMC Bank 3
(nSCS3, pin A12) to memory location 0x0000.0000. To boot from Asynchronous memory,
map SMC Bank 0 (nCS0, pin K11) to memory location 0x0000.0000. After the LH7A400
has booted, software can reconfigure the mapping.

Table 3-1. Boot Mode Signals

0x7000.0000
0x6000.0000
0x5000.0000
0x4000.0000
0x3000.0000
0x2000.0000
0x1000.0000
0x0000.0000

0x8000.0000

I
3y
G

ASYNCHRONOUS MEMORY (CS7)

ASYNCHRONOUS MEMORY (CS7)

ASYNCHRONOUS MEMORY (CS6)

ASYNCHRONOUS MEMORY (CS6)

PCMCIA/CompactFlash (nPCSLOTE2)

PCMCIA/CompactFlash (nPCSLOTE2)

PCMCIA/CompactFlash (nPCSLOTE1)

PCMCIA/CompactFlash (nPCSLOTE1)

ASYNCHRONOUS MEMORY (nCS3)

ASYNCHRONOUS MEMORY (nCS3)

ASYNCHRONOUS MEMORY (nCS2)

ASYNCHRONOUS MEMORY (nCS2)

ASYNCHRONOUS MEMORY (nCS1)

ASYNCHRONOUS MEMORY (nCS1)

SYNCHRONOUS ROM (nSCS0)

ASYNCHRONOUS ROM (nCS0)

BOOT MODE WIDTH[1:0] | MEDCHG

8-bit ROM 00 0

16-bit ROM 01 0

32-bit ROM 10 0

Invalid: Do not allow this condition. 11 0

16-bit SFlash (Initializes device MODE Register) 00 1

16-bit SROM (Initializes device MODE Register) 01 1

32-bit SFlash (Initializes device MODE Register) 10 1

32-bit SROM (Initializes device MODE Register) 11 1
LOCATION  SYNCHRONOUS MEMORY BOOT ASYNCHRONOUS MEMORY BOOT  SIZE
0xF000.000 | ASYNCHRONOUS MEMORY (nCS0) SYNCHRONOUS MEMORY (nSCS3) | 256MB
0xE000.000 | SYNCHRONOUS MEMORY (nSCS2) SYNCHRONOUS MEMORY (nSCS2) | 256MB
0xD000.000 | SYNCHRONOUS MEMORY (nSCS1) SYNCHRONOUS MEMORY (nSCS1) | 256MB
0xC000.000 | SYNCHRONOUS MEMORY (nSCS0) SYNCHRONOUS MEMORY (nSCS0) | 256MB

256MB
256MB
256MB
256MB
256MB
256MB
256MB
256MB

7A400-34

Figure 3-4. Synchronous and Asynchronous Boot Mode Memory Maps
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3.2 Buses

The LH7A400 AMBA bus backbone is shown in Figure 3-1. The Color LCD Controller
(CLCDC), DMA controller, eSRAM, external Synchronous and Asynchronous Memory
Controllers (SDMC and SMC), and the ARM922T Core are connected to the AMBA AHB.
The other peripheral interface blocks are connected to the AMBA APB. The AHB and APB
are connected together via the Bridge. The EBI provides a 32-bit wide gateway to external
memory, supporting the Synchronous and Asynchronous external memories.

Additional data paths within the system include:

e The LCD AHB. This bus connects the CLCDC to the eSRAM and the SDMC, allowing
the CLCDC to automatically refresh the video screen from eSRAM, external DRAM, or
both without using the system AHB.

* The DMA controller provides AHB access for the higher speed USB, MMC and AC97
peripherals. This allows data to be quickly and efficiently transferred to these blocks
without the intervention of the ARM922T Core.

3.2.1 Advanced High-Performance Bus (AHB)

The LH7A400 includes an AHB for high-performance, high clock frequency system mod-
ules. The AHB connects the Core and all other on-chip blocks capable of mastering the
AHB with all memory resources and peripherals. The main AHB data and address lines
are configured using a multiplexed bus, removing the need for tristate buffers and bus
holders and simplifying bus arbitration.

The AHB allows connection of CPUs, on-chip memory, and off-chip external memory inter-
faces with low-power peripherals. The APB Bridge transparently converts AHB access into
the slower speed APB accesses. All control registers for the APB peripherals are pro-
grammed using the AHB Bridge.
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3.2.1.1 Arbitration
Two blocks can act as AHB bus Masters or Slaves:

DMA Controller
ARM922T Core

Other blocks can act as AHB slaves:

Color LCD Controller (CLCDC)

embedded SRAM (eSRAM)

Synchronous Dynamic RAM Controller (SDMC)
Static Memory Controller (SMC)

Table 3-2 and Figure 3-5 show the blocks residing on the AHB.

Arbitration ensures only one Master has access to the bus at any one time. The arbiters
observe all concurrent bus requests and identify the highest priority Master requesting the
bus. The following comprise the LH7A400 arbitration scheme, as shown in Figure 3-5:

The main AHB system bus arbiter controls system AHB access for the ARM922T Core
and the DMA controller. The ARM922T Core and the DMA Controller have the following
order of priority, corresponding to the system clocking and power states:

— In Halt and Standby, the arbiter grants bus mastery to the default bus Master, the
ARMO22T Core. Default bus mastery applies only during Halt and Standby.

— The DMA Controller Halt request has a higher priority than the ARM922T Core re-
quest. In normal operation, when the ARM922T has bus mastery and a Halt request
occurs, the ARM922T loses bus mastery. The DMA Controller bus can be used dur-
ing Halt, but is shut down while the LH7A400 is entering Standby.

The eSRAM Slave arbiter, controlling system AHB and LCD AHB access for the
eSRAM. The LCD AHB has priority.

The SDMC Slave arbiter, controlling system AHB and LCD AHB access for the SDMC.
The LCD AHB has priority.

The SMC slave interface arbiter, controlling system AHB access for the SMC.
The EBI arbiter, controlling SDMC and SMC access for the EBI. The SDMC has priority.

Table 3-2. AHB Blocks

REGISTER

ADDRESS RANGE WIDTH

BLOCK

0x8000.3000 - 0x8000.37FC 32 bits Color LCD Controller (CLCDC), including palette

0x8000.2800 - 0x8000.2BFC 32 bits DMA Controller

0x8000.2400 - 0x8000.27FC 32 bits Synchronous DRAM Controller (SDMC)

0x8000.2000 - 0x8000.23FC 32 bits Static (Asynchronous) Memory Controller (SMC)
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Figure 3-5. AHB Masters and Slaves
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3.2.1.2 External Bus Interface

The 32-bit wide EBI, shown in Figure 3-6, provides external memory access for the
ARM922T Core, the CLCDC, and the DMA controller. Memory devices supported:
* Asynchronous RAM, ROM, and Flash

e Synchronous DRAM and Flash

* PC Cards (PCMCIA and Compact Flash)

The SDMC and SMC use the EBI for activity involving the ARM922T Core, the DMA con-
troller, and the CLCDC. The ARM922T Core and the DMA Controller share the system
AHB, providing access to eSRAM and via the SDMC and SMC to all external memory
devices. The CLCDC can use an internal frame buffer in the eSRAM and an extension
buffer in external SDRAM, accessed via the SDMC, for dual panel or large displays. The
EBI arbiter grants control only when an existing access has been completed.

EXTERNALTO ! INTERNAL TO
THE LH7A400 | THE LH7A400

ARM922T —p

ASYNCHRONOUS
STATIC
MEMORY
CONTROLLER

b (SMC)

PCMCIA/CF
SUPPORT

SDRAM SRAM

ARBITER

EXTERNAL
BUS
INTERFACE

ADDRESS|  (EBI)
and <=>| SYNCHRONOUS
CONTROL DYNAMIC
MEMORY
CONTROLLER
(SDMC)

DATA

ARBITER

SDRAM ROM

ARBITER
\

EMBEDDED
SRAM

ARBITER
\

LCD
AHB

LCD MEMORY
MANAGEMENT
UNIT (MMU)

!

COLOR LCD
CONTROLLER -~
(CLCDC)

DMA
CONTROLLER

AD-TFT
LCD TIMING
CONTROLLER

|
|
I
|
I
I
|
I
|
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|
|
I
|
I
I
|
I
: 80KB
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I
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I
I
|
I
|
|
I
|
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I

ADVANCED
HIGH-PERFORMANCE
BUS (AHB)

LH7A400-8

Figure 3-6. LH7A400 External Memory Interface
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3.2.1.3 Clock Generation and Bus Clocking Modes

The AHB clocking modes determine the relative operating frequencies of the ARM922T
Core and the AHB, and the associated AHB access considerations. The Core and Cache
and the AHB interface can operate in any of the clocking modes, summarized in Table 3-3:

* Fastbus Extension
e Synchronous Bus
* Asynchronous Bus

The clocking modes can have significant impact on power consumption and system
throughput, depending on the application and the speed of external memory. For example:

» Separate signals clock the Core and the AHB. The Core can operate at a much higher
frequency than the AHB. This higher Core speed benefits applications running from the
Cache more than applications needing frequent AHB access, because each AHB
access requires resynchronizing the Core and AHB.

* Core and AHB activity can operate in parallel with buffered writes to the AHB. However,
all read accesses stall the Core until bus access is completed. Software can use the bus
clocking modes to maximize throughput by reducing the resynchronization delays; that
is, by minimizing the number of wait states.

Table 3-3. Clocking Mode Comparisons

TEM STANDARD FASTBUS
SYNCHRONOUS BUS ASYNCHRONOUS BUS EXTENSION

Clock Signals |HCLK, FCLK HCLK, FCLK HCLK, HCLK_CPU
Function HCLK clocks the AHB. HCLK clocks the AHB. HCLK clocks the AHB.

FCLK clocks the Core. FCLK clocks the Core. HCLK_CPU clocks the Core.
Clock Signal Requires FCLK > HCLK. FCLK | Requires FCLK > HCLK. The Core operating speed is
Frequency must be an integer multiple limited by the maximum AHB
Limitations (harmonic) of HCLK. speed.

Synchronization

The Core and the AHB are al-
ways synchronized, but can be
operated at different frequencies.

The Core and the AHB
operate asynchronously.

The Core and the AHB are
inherently synchronized. No
additional synchronization log-
ic is required.

AHB Access 1 wait state minimum. 2 wait states minimum. No wait states.
The Core can operate much The Core can operate much faster than the | The Core and the AHB oper-
faster than the AHB, but the AHB. The Core and the AHB can operate at | ate at the same frequency,
Core speed must be an even in- | different, unrelated frequencies. Using a slow- | driven by the same clock.
Advantages teger multiple (harmonic) of the | er HCLK can reduce the power consumption. | Inherent synchronization
AHB frequency. Using a slower | The bus frequency can be optimized for a avoids the logic required in the
HCLK can reduce the power specific peripheral. Clocking requirements other two bus clocking modes
consumption. depend on the Core operating speed. and requires no wait states.
The Core operating speed is Memory access imposes delays, because | The Core operating speed is
limited by the maximum Core the Core and the AHB must be re-synchro- | limited by the maximum AHB
Limitations and AHB speeds. Memory nized whenever the Core accesses the bus. | speed. Memory access
accesses impose delays when imposes no synchronization
the Core and bus operate at delays.
different speeds.
For CPU-intensive applications | For CPU-intensive applications requiring a | For memory-access intensive
Uses specific source clock frequency for on-chip | applications

peripherals. The peripheral clocks are de-
rived from the bus clock.
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3.2.1.4 Standard Bus Clocking Modes

The standard Synchronous and Asynchronous bus clocking modes are useful for designs
involving low-cost, low-speed memory, when the Core must operate at higher speed than
the AHB. These modes involve the following:

* A programmable choice of Synchronous or Asynchronous operation
e Two clocks: HCLK and FCLK

For information on clock generation and clock domains, see the chapter in this User’s
Guide entitled Clock and State Control.

The AHB interface is clocked by HCLK, qualified by a WAIT signal. Figure 3-7 shows the
Standard mode clocking. FCLK drives the Core and Cache, while HCLK drives the bus.
FCLK must always be > HCLK, on a cycle-by-cycle basis.

Although the frequency of FCLK must always be greater than or equal to HCLK, the Stan-
dard modes vary the relationship between these two clock signals:

* In Synchronous Bus mode, the FCLK frequency must be programmed as an integer mul-
tiple of the HCLK frequency. Synchronous Bus mode accesses require a re-synchroni-
zation delay of at least one wait state.

* In Asynchronous Bus mode, the harmonic relationship between the clocks need not be
maintained. The two clock signals can have unrelated frequencies. Asynchronous Bus
mode accesses require a minimum re-synchronization delay of two wait states.

r
ARM922T

|
|
I CORE CACHE
|
| ¢
FCLK |
HCLK —:_>} AHB
WAIT SIGNAL ———=O) INTERFACE
ADVANCED

e - HIGH-PERFORMANCE
y BUS (AHB)

LH7A404-89

Figure 3-7. Standard Mode Clocking

3-12

Ver. 1.3 — 27 August 2007 NXP Semiconductors



LH7A400 User’s Guide Core and Data Paths

3.2.1.5 Fastbus Extension Bus Clocking Mode

Designs involving frequent high-speed memory accesses can benefit from the Fastbus
Extension mode. This inherently synchronous mode clocks the Core, Cache, and AHB at the
same frequency. In contrast to the Standard mode usage of two different clocks, the Fastbus
Extension mode operates the Core, Cache, and AHB interface using two signals derived
from the same source — essentially, the same clock. Figure 3-8 shows the Fastbus Exten-
sion clocking. Fastbus Extension mode accesses require no re-synchronization delays.

The Fastbus Extension mode is useful for applications involving frequent AHB accesses.
Although the Core frequency is limited by the AHB maximum frequency, the Fastbus
Extension mode avoids the wait state penalties imposed by the Standard modes.

ARM922T

CORE CACHE

COMMON CLOCK

—

| |
| |
| |
| |
HCLK_CPU | * |
| |
| |
I |
1 |
| |

SOURCE HCLK
WAIT SIGNAL O INTERFACE
ADVANCED
e —!' HIGH-PERFORMANCE
BUS (AHB)

LH7A400-92

Figure 3-8. Fastbus Mode Clocking

3.2.1.5.1 Reset Condition

After reset, the LH7A400 is in Fastbus Extension mode, using only HCLK and not FCLK.
Switch to Synchronous Bus mode to use FCLK for internal cached operations and HCLK
for external (AHB) operations. In Asynchronous Bus mode, the LH7A400 can operate at
any ratio of FCLK to HCLK. However, when FCLK = HCLK, maximum performance can be
obtained by running in Fastbus Extension mode.

To switch modes, use Coprocessor 15 (CP15) Register 1, as described in the ARM docu-
mentation. The programming sequence depends on the switching direction:

* When switching from a divide ratio of 1 to 2 or more, change the bus mode to Synchro-
nous Bus mode before writing the CLKSET register.

* When switching from a divide ratio of 2 or more to 1, change the bus mode to Fastbus
Extension mode after writing to the CLKSET register and returning out of Standby.
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3.2.2 Advanced Peripheral Bus (APB)

The LH7A400 includes an APB for on-chip peripherals. The APB peripherals communicate
with the AHB through a Bridge. The APB is designed for low-speed peripherals requiring
lower performance than a pipelined interface such as the AHB. Table 3-4 shows the
addresses of the peripherals on the APB.

Table 3-4. APB Peripheral Address Map

ADDRESS RANGE REGISTER WIDTH PERIPHERAL
0x8000.1500 - 0x8000.1FFC 16 bits Reserved
0x8000.1400 - 0x8000.14EC 32 bits Watchdog Timer (WDT)
0x8000.1000 - 0x8000.13EC 16 bits Reserved
0x8000.0F00 - 0x8000.0FFC 32 bits Battery Monitor Interface (BMI)
0x8000.0E00 - 0X8000.0EFC 16 bits Sgg:f'tﬁr“gsgﬁeH')”p“t and Output (GPIO
0x8000.0D00 - 0x8000.0DFC 32 bits Real Time Clock (RTC)
0x8000.0C00 - 0x8000.0CFC 16 bits Timer Counters (TC1, TC2, TC3)
0x8000.0B00 - 0x8000.0BFC 16 bits Synchronous Serial Port Controller (SSP)
0x8000.0A00 - 0x8000.0AFC 16 bits Audio Codec Interface
0x8000.0900 - 0x8000.09FC 16 bits DC-DC Converters (PWMO, PWM1)
0x8000.0800 - 0x8000.08FC 16 bits $gx§:§ﬁ:e‘:%”:g¥’g)°“s Receiver and
0x8000.0700 - 0x8000.07FC 16 bits UART2
0x8000.0600 - 0x8000.06FC 16 bits UART1 and Infrared Interface
0x8000.0500 - 0x8000.05FC 32 bits Interrupt Controller
0x8000.0400 - 0x8000.04FC 16 bits Clock and State Controller (CSC)
0x8000.0300 - 0x8000.03FC 32 bits Smart Card Interface (SCI)
0x8000.0200 - 0x8000.02FC 32 bits Universal Synchronous Bus Client (USB)
0x8000.0100 - 0x8000.01FC 32 bits Multi-Media Card Controller (MMC)
0x8000.0000 - 0x8000.00FC 16 bits AC97 Codec Interface (AC97)

3.2.3 The DMA Controller

The DMA Controller provides alternative Core access for the MMU, USB, and AC97
peripheral blocks. Using a DMA operation to access a peripheral block can improve sys-
tem performance, when the software is structured to ensure the Core runs in Cache during
the DMA operation. The DMA Controller can block Core AHB or APB access.

3-14
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Chapter 4

Static Memory Controller

(SMC)

4.1 Theory of Operation

The Static Memory Controller (SMC) is an AHB slave device, providing an interface
between the LH7A400 Advanced High-Speed Bus (AHB) and external memory devices.
Figure 4-1 shows a block diagram of the LH7A400 SMC.

The SMC provides access to static memory devices on the external bus and can be used
to interface to a wide variety of external device types, including SRAM, ROM, and PC

Cards. The LH7A400 includes separate memory controllers for SDRAM devices and for
the 80KB of embedded SRAM.

The SMC supports eight independently configurable memory banks:
* Two banks dedicated to PCMCIA and CompactFlash (CF) interfaces

» Six banks of external memory, each addresses up to 256MB using external chip

select signals.

nPCWAITx

@ CSx, nCSx
(P9 k)
nOE

NWEX

EXTERNAL TO | INTERNAL TO
THE LH7A400 | THE LH7A400

STATIC
MEMORY
CONTROLLER
(SMC)
WITH PCMCIA
and
CompactFlash
SUPPORT

32

A[27:0] EXTERNAL BUS ég&ﬁgﬁf&“&"‘
INTERFACE BUS (AHB)
D[31:0] <t (EBI)
NOTE: O Circled numbers are LH7A400 pin numbers.
LH7A400-130
Figure 4-1. SMC Block Diagram
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Each memory bank can use devices with either 8-, 16-, or 32-bit external data paths. The
SMC supports asynchronous page mode and burst mode read operations and allows up
to 32 programmable wait states and programmable bus turnaround cycles.

The following parameters are programmable for each bank of external memory controlled
by the SMC:

e Bus turnaround (idle) cycles

* Read and Write wait states, for static RAM devices

e |nitial and subsequent burst read wait states

* Write protection

* Burst mode operation for burst ROM devices

* 8-, 16-, or 32-bit external memory width

* Byte lane enable controls

* nWAIT handshake for PCMCIA and CF.

The base address of each bank is hard-coded by the address decoder. A separate SMC
Chip Select signal (nCS[3:0] and CS[7:6]) is provided for each bank of memory.

Byte-Lane Enable signals (hWE[3:0]) are available for use with memory devices of varying
widths. Each SMC memory bank has an associated configuration register specifying mem-
ory width.

4.1.1 Operation Overview

The SMC performs six primary functions:
* Memory bank selection

* Access sequencing

* Wait state generation

* Byte lane write control

* External bus interface

e CF or PCMCIA interfacing.

Upon power-on reset, the software must configure the SMC for the external devices
connected to the system. Configuring and operating the SMC is outlined here.

4.1.1.1 Configuring the Multiplexed Pins

Many of the pins used by the SMC are multiplexed with other LH7A400 functional blocks.
Application design must take into account which functions will be used and the pins
required for those functions.

Upon reset, software must configure the pins used by the SMC by writing to the PINMUX
register (see Chapter 7 and Chapter 16).
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4.1.1.2 Using External Memory

After the pin multiplexing is complete, software must set up the memory bank registers to
be compatible with the hardware present. The SMC can interface with external static mem-
ory of a variety of data widths and timing requirements. This is done by programming the
Bank Configuration registers (BCRx) for each bank with the memory width (8-, 16-, or

32-bit), wait states, read/write turnaround times, and specific SRAM and ROM parameters.

External memory is mapped into up to six banks, each with 256MB of addressable space.
Addressing within each bank takes place on the 28 external address pins of the LH7A400.
Bank selection is determined with four active LOW chip select pins (nCS[3:0]) and two
active HIGH chip select pins (CS6 and CS7). The hardware design determines memory
bank addressing and memory device type.

Once set up, the SMC then handles all necessary timing, including the logic for making
transfers of disparate width data between the external memory bus and the internal AHB.
For example, if the external data path is 8 bits, when reading the SMC will assemble four
8-bit bytes into one 32-bit word for transfer on the AHB. When writing, the SMC parses a
32-bit word from the AHB into four 8-bit bytes to be sequentially sent over the external data
bus to the external memory devices.

4.1.2 Using PCMCIA and CompactFlash

Two of the eight addressable banks are configured to support PC Cards (PCMCIA and CF
devices). The two PC Card slots are selected by the CF and PCMCIA address pins
(CFA[10:8] and PCMCIA[25:24]). Three sets of parameters must be programmed by soft-
ware for each of the two PC Card slots. These three registers contain parameters for the
PC Card Attribute address space, Common Memory address space, and I/O address
space. If a PCMCIA device is used in one or both slots, parameters specific to the PCMCIA
must be programmed by software writing to the PCMCIA Control register (PCMCIACON).

The PCDIR pin (N4) signals whether a data transaction is a read or write. This pin is LOW
during reads, and HIGH during writes. See the LH7A400 datasheet for timing diagrams.

Once configured, the SMC handles all timing, data sequencing, and PC Card access logic.
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4.1.3 Pin Multiplexing

The SMC BGA pin assignments and multiplexing are shown in Table 4-1. Software must
configure the pins using the PINMUX register prior to using any external memory devices.
Note that address lines multiplexed with synchronous memory address lines are not

shown, as these do not need to be configured.

Table 4-1. SMC Multiplexing

PIN SIGNAL DESCRIPTION MULTIPLEXING
A8 A27 Address line bit 27 Smart Card Reset
F8 A26 Address line bit 26 Smart Card Clock
G8 A25 Address line bit 25 Smart Card I/O
Address Line bit 1 for 8 and 16-bit external systems,
N14 Al used as Write Enable for 32-bit systems. SMC nWE?2
Address Line bit 0 for 8-bit external systems, used as
M16 AO Write Enable for 16-bit and 32-bit systems SMC nWEH
CFA10 CF address bit 10, in single card mode
P5 PCMCIAA24 | PCMCIA address.blt 24, in single card .mode . GPIO Port H5
APCWAIT2 CF and PCMCIA, in dual card mode, wait state extension
for Card 2
CFA9 CF address bit 9, in single card mode
N7 PCMCIAA25 | PCMCIA address bit 25, in single card mode GPIO Port H3
CF and PCMCIA Card 2 Enable, in dual card mode,
nPCSLOTE2 gating other control signals to the PC Card in Bank 5
CFA8 CF address bit 8, in single card mode
R4 - GPIO Port H1
PCRESET2 | CF and PCMCIA, in dual card mode, Reset Card 2
. Synchronous Memory
C10 CSs7 Chip Select for Bank 7 Clock Enable 0
B10 CS6 Chip Select for Bank 6 Synchronous Memory
Clock Enable 1 and 2
M12 nCS3 Chip Select for Bank 3 Multi-Media Card SPI Select
N14 AWE2 Write Enable for 32-bit external systems, provided as bit SMC A1
1 of such addresses
Write Enable for 16- and 32-bit external systems,
M16 nWET provided as bit 0 of such addresses SMC A0
CF and PCMCIA Card Enable 1, used with nPCCE2 by
M7 nPCCEH both PC Cards for decoding low and high byte accesses GPIO Port G5
CF and PCMCIA Card Enable 2, used with nPCCE1 by
M8 nPCCE2 both PC Cards for decoding low and high byte accesses GPIO Port G6
CF and PCMCIA Card 1 Enable, in single or dual card
T4 | nPCSLOTEH mode, gating other control signals to the PC Card in Bank 4 GPIO Port H2
R3 nPCOE CF and PCMCIA Output Enable Attribute and Common GPIO Port GO
Memory space read control
CF and PCMCIA Status Enable, for enabling a data bus
T5 | nPCSTATRE | buffer to read the Battery Voltage Detect and Voltage GPIO Port H7
Sense card signals
T3 nPCWE CF and PCMCIA Write Enable, Attribute and Common GPIO Port G1

Memory space write control

4-4
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Table 4-1. SMC Multiplexing (Cont’d)

PIN SIGNAL DESCRIPTION MULTIPLEXING
CF and PCMCIA, in single or dual card mode, ready GPIO Port F6 or
E6 PCRDY1 for Card 1 External IRQ Interrupt 5

GPIO Port F7 or

C5 PCRDY2 CF and PCMCIA, in dual card mode, ready for Card 2 External IRQ Interrupt 6

CF and PCMCIA Attribute or Common Memory space

N6 nPCREG . GPIO Port G4
selection

P8 APCWAIT1 CF ano_l PCMCIA, in single or dual card mode, wait state GPIO Port H4
extension for Card 1

L6 nPCIOR CF and PCMCIA 1/O space read control GPIO Port G2

M6 nPCIOW CF and PCMCIA 1/O space write control GPIO Port G3

N4 PCDIR CF and PCMCIA Data Direction GPIO Port G7

P4 | PCRESET1 | CFand PCMCIA, in single or dual card mode, Reset Card 1 | GPIO Port HO

4.1.3.1 Non-SMC Systems

The Synchronous Dynamic RAM Controller (SDRAMC) SCKE1_2 and SCKEO output signals
are multiplexed with the SMC CS6 and CS7 signals on pins B10 and C10, respectively. The
GPIO Pin Multiplexing register Clock 1 and 2 Enable and Clock 0 Enable fields
(PINMUX:CLK1_2EN and PINMUX:CLKOEN — see Chapter 16 for description of PINMUX)
select between CS and SCKE multiplexing, shown in Table 4-2 and Table 4-3.

When the MultiMediaCard (MMC) adapter is enabled, the SMC Bank 3 Chip Select pin
(M12) is used by the MMC for the SPI Chip Select signal.

When the Smart Card Interface (SCI) is enabled, some SMC address pins A[27:25]
(A8, F8, and G8, respectively) are used by the SCI for the 1/O, Clock, and Reset signals.

Table 4-2. Pin B10 Multiplexing

CLK12EN PIN B10
1 SCKE1_2
0 CS6

Table 4-3. Pin C10 Multiplexing

CLKOEN PIN C10
SCKEO
0 CS7
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4.1.3.2 General Purpose I/0 and SMC PC Card Multiplexing

The PCMCIA and CompactFlash (CF) signals are multiplexed with GPIO Ports G, H, F6,
and F7. To select between Card or GPIO operation, and to configure the system for one or
two cards (any combination of PCMCIA and CF Cards), set the PCMCIA Control register
PC Cards 1 and 2 Enable field (PCMCIACON:PC12EN[1:0]):

* 00 disables both cards, configuring ports G and H as GPIO.

* 01 enables one card in CF mode at 0x4000.0000 (Slot 0).

* 10 enables one card in PCMCIA mode at Slot 0.

* 11 enables two cards, with Card 1 at Slot 0 and Card 2 at 0x5000.0000 (Slot 1).

Either card can be CF or PCMCIA.
At reset, all pins default to GPIO, and Port G and H pin states at reset are:
e Port G Output LOW
e Port H Input
* No cards enabled; Ports G and H configured as GPIO (PC12EN = 00).

Figure 4-2 shows an example of a single card configuration with a CompactFlash card
(PC12EN = 01).

Figure 4-3 shows an example of a dual card configuration (PC12EN = 11) with a PCMCIA
card in Slot 0 (Card 1) and a CompactFlash card in Slot 1 (Card 2).
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INTERNAL TO | EXTERNAL TO

THE LH7A400 | THE LH7A400 D[6:0]
STATUS
nPCSTATRE @ BUFFER
B  D[15:0]
DATA

PCDIR BUFFER

A[7:0]

ADDR
nPCSLOTE1 BUFFER

COMPACT

CFA10 (P5), CFA8 (R4), CFA9 (\7) GONNEGTOR

nPCWE (T3)
nPCOE
NPCWAIT1
nPCCE2
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PCRESET1
PCRDY1

LH7A400-159

Figure 4-2. CompactFlash Single Card Example (PC12EN = 01)
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Figure 4-3. PCMCIA and CompactFlash Dual Card Example (PC12EN = 11)
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When selected by PCMCIACON programming for SMC use, the PC Card signals are
further multiplexed for PCMCIA or CF configuration and for one card or two card configu-
ration, as shown in Table 4-4.

When two cards are present, the following control signals are gated for the appropriate card
by asserting nPCSLOTE1 (for the card in Bank 4) or nPCSLOTEZ2 (for the card in Bank 5):
* nPCOE

* nPCREG

* nPCWE

* nPCCE1

* nPCIOR

* nPCCE2

* nPCIOW.

When only one card is present, the CompactFlash address lines CFA8, CFA9, and
CFA10 and the PCMCIA addresses PCMCIAA24 and PCMCIAA25 are also gated with

PCSLOTE1, based on whether the card is PCMCIA or CompactFlash. In a two card
system, buffer these signals from the main address bus.

The nPREG signal can be independently configured for GPIO or PCMCIA control of the
rest of the PCMCIA multiplexing configuration. Setting PCMCIACON:MPREG configures
nPREG for control via the GPIO interface.

Table 4-4. PC Card Signal Multiplexing

PIN | GPIO PORT | ONE CARD, CF MODE | ONE CARD, PCMCIA MODE | TWO CARDS*
E6 F6 PCRDY1 PCRDY2 PCRDY1
C5 F7 PCRDY2
R3 GO nPCOE nPCOE nPCOE
T3 G1 nPCWE nPCWE nPCWE
L6 G2 nPCIOR nPCIORD nPCIORD
M6 G3 nPCIOW nPCIOWR nPCIOWR
N6 G4 nPCREG nPCREG nPCREG
M7 G5 nPCCE1 nPCCE1 nPCCE1
M8 G6 nPCCE2 nPCCE2 nPCCE2
N4 G7 PCDIR PCDIR PCDIR
P4 HO PCRESET1 PCRESET1 nPCRESET1
R4 H1 CFA8 PCRESET2
T4 H2 nPCSLOTE1 nPCSLOTE1 nPCSLOTE1
N7 H3 CFA9 PCMCIAA25 nPCSLOTE2
P8 H4 nPCWAITA nPCWAITA nPCWAIT1
P5 H5 CFA10 PCMCIAA24 nPCWAIT2
T5 H7 nPCSTATRE nPCSTATRE nPCSTATRE
NOTE: *Any Combination of PCMCIA/CF
NXP Semiconductors Ver. 1.3 — 27 August 2007 4-9
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4.1.4 Memory Bank Selection

Of the eight independently configurable memory banks, Chip Select outputs are available for
Banks 0 through 3, 6, and 7. These outputs are the Chip Select signals nCS[3:0] and CS[7:6],
respectively. Instead of Chip Select signals, the PC card control uses Slot Select signals:

* nPCSLOTE1 gates control signals to Card 1 in Bank 4, in both single card and dual card
PCMCIA and CF configurations.

* nPCSLOTE2 gates control signals to Card 2 in Bank 5, in dual card PCMCIA and CF
configurations.

nCS[3:0] are active LOW and CS[7:4] are active HIGH. Both nPCSLOTEX signals are
active LOW (where x is 1 for Card 1 and 2 for Card 2). The physical address ranges for
each Chip Select and Slot Select are fixed, as shown in Table 4-5. Table 4-6 shows the
address spaces of PC cards.

Table 4-5. SMC Memory Bank Selection

ADDRESS RANGE CS[7:6] | nCS[3:0] | nPCSLOTE[2:1] | conNEtaURATION
0x0000.0000 - OxOFFF.FFFF | 00 | 1110 XX Bank 0
0x1000.0000 - Ox1FFF.FFFF | 00 | 1101 XX Bank 1
0x2000.0000 - Ox2FFF.FFFF | 00 | 1011 XX Bank 2
0x3000.0000 - Ox3FFF.FFFF | 00 | 0111 XX Bank 3
0x4000.0000 - OX4FFF.FFFF | 00 | 1111 10 PC Card Siot 0 Select
(Bank 4)
0x5000.0000 - Ox5FFF.FFFF | 00 | 1111 01 PC Card Slot 1 Select
(Bank 5)
0x6000.0000 - Ox6FFF.FFFF | 01 111 XX Bank 6
0x7000.0000 - Ox7FFF.FFFF | 10 | 1111 XX Bank 7

NOTE: x = ‘don’t care’.

4-10
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4.1.4.1 PC Card Address Space

Table 4-6 shows the PC Card (PCMCIA card) address space. In addition to the linear
addressing, the status of PCMCIA signals may be read by asserting the nPCSTATRE
(PC Card Status Read Enable) pin. Software issues a Read command to the first location
in the reserved space for the appropriate card (0x4400.0000 for PC Card 0, or 0x5400.000
for PC Card 1). This asserts nPCSTATRE for five clock cycles and returns the current
value of the data bus. This may be used for sensing the Card Detect, and Voltage signals,
and to enable the correct application of power to the card.

Because the data I/0O enables may not be configured for a read, software must first perform
a dummy read of either attribute memory, common memory, or I/O memory, then execute a
status read. This dummy read must be inserted before every status read for proper operation.

The number of status signals depends on the board design. If eight or fewer status signals
are used, AHB byte-reads may be used. If more than eight status signals are used, a
16-bit AHB read must be used.

CAUTION

With wait states enabled, an attempt to read a
slot without a card present will result in the
CPU hanging (continuing to wait for data).

Table 4-6. PC Card Address Space

ADDRESS SPACE

0X5C00.0000 | Socket 2 common memory space
0X5800.0000 | Socket 2 attribute space
0X5400.0004 | Reserved

0X5400.0000 | nPCSTATRE

0X5000.0000 | Socket 2 I/O space
0X4C00.0000 | Socket 1 common memory space
0X4800.0000 | Socket 1 attribute space
0X4400.0004 | Reserved

0X4400.0000 |nPCSTATRE

0X4000.0000 | Socket 1 1/O space
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4.1.5 Byte Lane Write Control

Since each bank of external memory must be configured according to the hardware
design, the LH7A400 accommodates this through the use of the SMC Bank Configuration
Register (BCRx, where x is 0 through 3, 6, or 7). This register allows programming the Chip
Select signals (nCS[3:0] and CS[7:6]) and write enable signals (nWE[3:0]) for each bank.
The write enable signal operation depends on:

* The bank width programmed in the Bank Configuration Register (BCRx:MW)
* The required transfer width (an 8-bit, 16-bit, or 32-bit access)

The nWE1 signal is multiplexed with A0, and nWE2 is multiplexed with A1. Care must
be used when designing 16- and 32-bit memory systems, as these signals do not act

as address lines when the SMC uses them as nWE[2:1]. Application examples appear in
subsequent sections (the SMC supports the example little-endian memory systems).
Table 4-7 shows the signal coding for 8-bit, 16-bit, and 32-bit little-endian external memory
systems. For a PC Card, the two Card Enable (CE) signals (hPCCE[2:1]) select the access
as high or low byte, as shown in Table 4-8.

External memory can be composed of 8-bit devices or devices partitioned into multiples of
a byte. The type of memory devices used for each bank determine how the interface
signals must be connected in order to provide byte, half-word or word-wide accesses.

Table 4-7. SMC Byte Lane Write Control

EXTERNAL MEMORY DEVICE WIDTH
BCRx:MW | ACCESS 8-BIT 16-BIT 32-BIT
Al A0 | nWE[0] A1 A0 nWEO | nWE[3:0]
0b10 Word nWE2 | nWE1 0 nWE2=x | nWE1=0 0 0000
0bO1 Half Word | A1 nWE1 0 A1 nWE1 0 0011
0bO1 Half Word | A1 nWE1 0 A1l nWE1 0 1100
0b00 Byte A1l A0 0 A1 nWE1 0 0111
0b00 Byte A1l A0 0 A1 nWE1 1 1011
0b00 Byte A1 A0 0 A1 nWE1 0 1101
0b00 Byte A1l A0 0 A1 nWE1 1 1110
Table 4-8. PC Card Access Enable
nPCCE2 | nPCCE1 | A[0O] D[15:8] D[7:0] MODE ACCESS
1 1 X High-Z High-Z Standby No Access
1 0 0 High-Z Even Byte 8- or 16-bit | Even Byte
1 0 1 High-Z Odd Byte 8- or 16-bit | Odd Byte
0 1 X Odd Byte High-Z 16-bit Odd Byte
0 0 X Odd Byte | Even byte 16-bit Even and Odd Byte
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4.1.6 Memory Example With 8-Bit Devices

Memory systems using 8-bit devices can be configured for byte (8 bits), half-word (16 bits),
or word (32 bits) accesses by the LH7A400. In the sections that follow, examples illustrate
pin connection and register programming for each possible configuration with 8-bit devices.

The examples use Bank 0, but other banks work the same; just ensure the proper BCRx
is programmed for that bank, and that the Chip Select signals are connected as shown in
Table 4-5.

The SMC uses the programmed width of each bank (BCRx:MW) to determine how many
bytes of the external bus to drive. For example, a byte write to a bank of external memory
programmed to be 16 bits wide drives only the lower 16 external data lines. To ensure the
external data bus never floats, tie unused pins HIGH or LOW through a resistor.

4.1.6.1 Byte-Wide Bank Configuration

Design of a byte-wide bank with 8-bit devices is quite straight forward. Refer to Figure 4-4
for this example. This example will configure the LH7A400 for 8-bit external accesses to
Bank 0.

CSx, nCSx nCE
nOE nOE
nWEO nWE
D[7:0] 10[7:0]
A[27:0]

LH7A400-194

Figure 4-4. Byte-Wide Memory Bank Constructed from 8-bit Devices

4.1.6.1.1 Signal Connection

The signal connection between the LH7A400 and the memory devices, as shown in

Figure 4-4, is:

1. Referring to Table 4-5, Chip Select for Bank 0 is nCSO0. This signal should be wired to
nCE on the memory device.

2.  Only nWEQO is valid for 8-bit transfers, and is connected to nWE on the memory device.

3. The LH7A400 nOE is connected to nOE on the memory device.

4. The full address bus can be used, with the LH7A400 AO pin connected to the A0
address on the memory device.

4.1.6.1.2 Configuration Registers

The SMC interface requires programming two registers: the PINMUX and the BCRx.

1. The PINMUX register is described in Chapter 16. It requires that PINMUX:CLKOEN=0
and PINMUX:CLK1_2EN=0. This is the default value of those bits following reset.

2.  Program BCRO:MW (see Section 4.2.2.1) to 0b0O to select 8-bit memory width. Pro-
gram the remaining bits for parameters required by the specific memory devices.
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4.1.6.2 Half-Word-Wide Bank Configuration

Design of a half-word-wide bank with 16-bit devices is slightly more complex. Refer to
Figure 4-5 for this example. This example will configure the LH7A400 for 16-bit external
accesses to Bank 0, and requires two 8-bit devices per half word.

CSx, nCSx
nOE \\
— nCE nCE

nOE nOE

nWE1/A0 nWE nWEQ — nWE
D[15:8] s [0[7:0] D[7:0] == 10[7:0]
A[27:1] I I

LH7A400-193

Figure 4-5. Half-Word Memory Bank Constructed from 8-bit Devices

4.1.6.2.1 Signal Connection

The signal connection between the LH7A400 and the memory devices, as shown in
Figure 4-5, is:

1. Referring to Table 4-5, Chip Select for Bank 0 is nCSO0. This signal should be wired to
nCE on the memory devices.

2. Two byte lane enables, NnWEOQO and nWE1 are required for 16-bit devices. The nWEO
signal connects to nWE on the low-byte device, and nWE1 connects to the high-byte
memory device as shown. Note that n\WE1 does not function as A0 during SMC
accesses, and care should be taken when using AO for another bank to avoid spurious
accesses when AQ is configured as nWE1. When the SMC is active in 16-bit width,
A0 does not contain address values.

3. The LH7A400 nOE is connected to nOE on the memory device.

4. Only A[27:1] are used for 16-bit accesses, with the LH7A400 A1 pin connected to the
A0 address on the memory device.

5. LH7A400 data bus signals D[7:0] are connected to I0[7:0] on the low-byte memory
device, and D[15:8] are connected to I0[7:0] on the high-byte device. The remaining
LH7A400 data signals (D[31:16]) must have a pull-up or pull-down resistor to prevent
the data bus from floating when accesses are made by the SMC.

4.1.6.2.2 Configuration Registers

The SMC interface requires programming two registers: the PINMUX and the BCRx.

1. The PINMUX register is described in Chapter 16. It requires that PINMUX:CLKOEN=0
and PINMUX:CLK1_2EN=0. This is the default value of those bits following reset.

2.  Program BCRO:MW (see Section 4.2.2.1) to Ob01 to select 16-bit memory width. Pro-
gram the remaining bits for parameters required by the specific memory devices.
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4.1.6.3 Word-Wide Bank Configuration

When using 8-bit devices for a word-wide bank, additional parameters must be consid-
ered. Refer to Figure 4-6 for this example. This example will configure the LH7A400 for 32-
bit external accesses to Bank 0, and requires four 8-bit devices per word.

nCSx
nOE \\
— nCE — nCE — nCE nCE
nOE nOE nOE nOE
nWE3 nWE nWE2/A1 — NWE nWE1/A0 — NWE nWEO — N\WE
D[31:24] et |0[7:0] D[23:16] == 10[7:0] D[15:8] == |0[7:0] D[7:0] == |0[7:0]
A[27:2] I I I |
LH7A400-129

Figure 4-6. Word-Wide Memory Bank Constructed from 8-bit Devices

4.1.6.3.1 Signal Connection

The signal connection between the LH7A400 and the memory devices, as shown in
Figure 4-6, is:

1. Referring to Table 4-5, Chip Select for Bank 0 is nCSO0. This signal should be wired to
nCE on the memory devices.

2. All four byte lane enables, nWE[3:0] are active for 32-bit banks. The nWEQ signal con-
nects to NWE on the LSB device, n\WE1 to the next-most significant byte, N\WE2 to the
next, and nWE3 to the MSB device. Note that nWE1 does not function as A0 and
nWE2 does not function as A1 during SMC accesses. Care should be taken when
using A0 and A1 for another bank to avoid spurious accesses when AQ is configured
as nWE1 and A1 as nWE2. When the SMC is active in 32-bit width, A0 and A1 do not
contain address values.

3. The LH7A400 nOE is connected to nOE on the memory device.

4. Only A[27:2] are used for 32-bit accesses, with the LH7A400 A2 pin connected to the
A0 address on the memory device.

5. LH7A400 data bus signals D[7:0] are connected to I0[7:0] on the low-byte memory
device; D[15:8] are connected to |0[7:0] on the next most-significant device; D[23:16]
to the next, and D[31:24] to the MSB device. No pull-up/pull-down resistors are
required by the SMC in 32-bit-wide mode.

4.1.6.3.2 Configuration Registers

The SMC interface requires programming two registers: the PINMUX and the BCRx.

1.  The PINMUX register is described in Chapter 16. It requires that PINMUX:CLKOEN=0
and PINMUX:CLK1_2EN=0. This is the default value of those bits following reset.

2. Program BCRO:MW (see Section 4.2.2.1) to Ob10 to select 16-bit memory width. Pro-
gram the remaining bits for parameters required by the specific memory devices.
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4.1.7 Memory Example With 16-Bit Devices

Memory systems using 16-bit devices can be configured for byte (8 bits), half-word (16
bits), or word (32 bits) accesses by the LH7A400. In the sections that follow, examples
illustrate pin connection and register programming for each possible configuration with 16-
bit devices. Figure 4-7 shows 16-bit-wide memory devices connected to the LH7A400 in

two different width bank configurations.

The examples use Bank 0, but other banks work the same; just ensure the proper BCRx
is programmed for that bank, and that the Chip Select signals are connected as shown in

Table 4-5.

The SMC uses the programmed width of each bank (BCRx:MW) to determine how many
bytes of the external bus to drive. For example, a byte write to a bank of external memory
programmed to be 16 bits wide drives only the lower 16 external data lines. To ensure the
external data bus never floats, tie unused pins HIGH or LOW through a resistor.

A[27:2] I

CSx, nCSx
nOE
—— nCE
nOE
nWE1/AQ —— | nWE nWEO
D[31:16)] =t |O[15:0] D[15:0]

)

nCE
nOE
nWE
10[15:0]

CSx, nCSx
nOE
nWEO
D[15:0]
A[27:1]

nCE
nOE
nWE
10[15:0]

A. 32-Bit System Consisting of Two 16-Bit Devices

B. 16-Bit System Consisting of One 16-Bit Device

LH7A400-207

Figure 4-7. Memory Banks Constructed from 16-bit Memory
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4.1.7.1 Byte-Wide Bank Configuration

Memory systems using 16-bit-wide devices can be used with byte-wide data transfers by
programming the BCRx:MW field to Ob00. Multiple configurations are possible for this
architecture, depending on the application. Because of this, no examples are presented.

4.1.7.2 Half-Word-Wide Bank Configuration

Design of a half-word-wide bank with 16-bit devices is straight forward. Refer to Figure 4-
7, part B for this example. This example will configure the LH7A400 for 16-bit external
accesses to Bank 0, and requires one 16-bit device per half word.

4.1.7.2.1 Signal Connection

The signal connection between the LH7A400 and the memory devices, as shown in
Figure 4-7, part B, is:

1. Referring to Table 4-5, Chip Select for Bank 0 is nCSO0. This signal should be wired to
nCE on the memory devices.

2. Two byte lane enables, nWEOQO and nWE1 are required for 16-bit devices. With just a
single 16 bit device, nWEO connects to nWE on the memory device, and nWE1 is
unconnected. Note that nWE1 does not function as AO during SMC accesses, and
care should be taken when using A0 for another bank to avoid spurious accesses
when AQ is configured as nWE1. When the SMC is active in 16-bit width, AO does not
contain address values.

3. The LH7A400 nOE is connected to nOE on the memory device.

4. Only A[27:1] are used for 16-bit accesses, with the LH7A400 A1 pin connected to the
A0 address on the memory device.

5. LH7A400 data bus signals D[15:0] are connected to 10[15:0] on the memory device.
The remaining LH7A400 data signals (D[31:16]) must have a pull-up or pull-down
resistor to prevent the data bus from floating when accesses are made by the SMC.

4.1.7.2.2 Configuration Registers
The SMC interface requires programming two registers: the PINMUX and the BCRx.

1.  The PINMUX register is described in Chapter 16. It requires that PINMUX:CLKOEN=0
and PINMUX:CLK1_2EN=0. This is the default value of those bits following reset.

2. Program BCRO:MW (see Section 4.2.2.1) to Ob01 to select 16-bit memory width. Pro-
gram the remaining bits for parameters required by the specific memory devices.

NOTE: Figure 4-7 and its accompanying text describe the general case of a fixed, 16-bit data bus. Some
devices have configurable-width data buses, for example the NXP Multi-Level Cell (MLC) Flash mem-
ories. These MLC devices can be configured for either 8-bit or 16-bit data buses. Because of this, the
MLC device’s AO address is a byte address, used only when configured for an 8-bit data bus. When
using it configured as a 16-bit device, the LH7A400 address bus is connected in a one-to-one map-
ping (thatis, A1 on the LH7A400 to A1 on the MLC Flash; A2 to A2 and so on). Thus, when configured
as a 16-bit device, A0 on the device is not connected since all data accesses are on 16-bit address
boundaries. Other data-bus-configurable devices may also exist that require connection of the
LH7A400 address bus in a different mapping than the general case. Connection must be determined
by studying the particular device’s data sheet.

NXP Semiconductors Ver. 1.3 — 27 August 2007 4-17



Static Memory Controller (SMC) LH7A400 User’s Guide

4.1.7.3 Word-Wide Bank Configuration

When using 16-bit devices for a word-wide bank, additional parameters must be consid-
ered. Refer to Figure 4-7, part A for this example. This example will configure the LH7A400
for 32-bit external accesses to Bank 0, and requires two 16-bit devices per word.

4.1.7.3.1 Signal Connection

The signal connection between the LH7A400 and the memory devices, as shown in
Figure 4-7, part A, is:

1.

Referring to Table 4-5, Chip Select for Bank 0 is nCSO0. This signal should be wired to
nCE on the memory devices.

All four byte lane enables, nWE[3:0] are active for 32-bit banks. The nWEO signal con-
nects to NWE on the least-significant half-word device and A1/nWE2 is connected to
nWE on the most-significant half-word device. With 16-bit wide memory devices, A0/
nWE1 and nWES are not required and not connected. Note that n\WE1 does not func-
tion as AO and nWE2 does not function as A1 during SMC accesses. Care should be
taken when using A0 and A1 for another bank to avoid spurious accesses when AQ is
configured as nWE1 and A1 as nWE2. When the SMC is active in 32-bit width, A0 and
A1 do not contain address values.

The LH7A400 nOE is connected to nOE on the memory device.

Only A[27:2] are used for 32-bit accesses, with the LH7A400 A2 pin connected to the
A0 address on the memory devices.

LH7A400 data bus signals D[15:0] are connected to I0[15:0] on the least-significant
half-word memory device, and D[31:16] to the most-significant half-word device. No
pull-up/pull-down resistors are required by the SMC in 32-bit-wide mode.

4.1.7.3.2 Configuration Registers
The SMC interface requires programming two registers: the PINMUX and the BCRx.

1.

2.

The PINMUX register is described in Chapter 16. It requires that PINMUX:CLKOEN=0
and PINMUX:CLK1_2EN=0. This is the default value of those bits following reset.

Program BCRO:MW (see Section 4.2.2.1) to Ob10 to select 32-bit memory width. Pro-
gram the remaining bits for parameters required by the specific memory devices.
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4.1.8 Memory Example With 32-Bit Devices

4.1.8.1 Word-Wide Bank Configuration

A system with 32-bit memory devices used as a word-wide bank is straight forward,
although attention needs to be given to the AO/nWE1 and A1/nWEZ2 signals. Refer to
Figure 4-8 for this example. This example will configure the LH7A400 for 32-bit external
accesses to Bank 0, and requires one 32-bit device per word.

CSx, nCSx nCE
nOE nOE
nWEO nWE
D[31:0] 10[31:0]
A[27:2]

LH7A400-195

Figure 4-8. Word-wide bank with 32-bit memory devices

4.1.8.1.1 Signal Connection

The signal connection between the LH7A400 and the memory devices, as shown in
Figure 4-8, is:

1. Referring to Table 4-5, Chip Select for Bank 0 is nCSO0. This signal should be wired to
nCE on the memory devices.

2. Allfour byte lane enables, nWE[3:0] are active for 32-bit banks. The nWEQ signal con-
nects to NWE on the memory device. With 32-bit devices, nWE1 and nWES3 are not
required and not connected. Note that n\WE1 does not function as A0 and nWE2 does
not function as A1 during SMC accesses. Care should be taken when using A0 and
A1 for another bank to avoid spurious accesses when AO is configured as nWE1 and
A1 as nWE2. When the SMC is active in 32-bit width, A0 and A1 do not contain
address values.

3. The LH7A400 nOE is connected to nOE on the memory device.

4. Only A[27:2] are used for 32-bit accesses, with the LH7A400 A2 pin connected to the
A0 address on the memory devices.

5. LH7A400 data bus signals D[31:0] are connected to I0[315:0] on the memory device.
No pull-up/pull-down resistors are required by the SMC in 32-bit-wide mode.

4.1.8.1.2 Configuration Registers

The SMC interface requires programming two registers: the PINMUX and the BCRx.

1. The PINMUX register is described in Chapter 16. It requires that PINMUX:CLKOEN=0
and PINMUX:CLK1_2EN=0. This is the default value of those bits following reset.

Program BCRO:MW (see Section 4.2.2.1) to 0b10 to select 32-bit memory width. Program
the remaining bits for parameters required by the specific memory devices.

More detailed memory system design examples can be found in the application note
“Designing an SRAM Memory System for the LH7A400: A 16-bit Example.”
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4.1.9 Access Sequencing for Different Width Memory Systems

The LH7A400 SMC can automatically use the system hardware for any size data word.
The number of cycles required to complete an AMBA transfer depends on the access
width and the external memory width.

An internal bus transfer can require several external bus transfers when the external mem-
ory bus is narrower than the transfer initiated from the SMC. For example, a 32-bit AMBA
transfer to an 8-bit external memory system (BCRx:MW=0b00) requires four external
accesses. When Bank 0 is configured as 8-bit-wide memory, and a 32-bit read is initiated,
the AHB stalls while the SMC reads four consecutive bytes from memory and the four
bytes are assembled into one 32-bit word.

Access sequencing supports little endian operation.

4.1.10 Wait State Generation

Wait State control refers to external bus transfer wait states. This section discusses timing
requirements and programming for the SMC Memory Banks 0 through 3, 6, 7, and
PCMCIA and CF Banks 4 and 5.

4.1.10.1 Memory Bank Timing

WST1 is used for both read and write wait state insertion, and results in identical numbers
of wait states for both operations. WST2 is only relevent for Page Mode operation. With
Page Mode enabled, burst read timing behaves as follows:

2. The first transfer cycle duration is WST1 + 1 clocks

3. The second and third transfer cycle durations are WST2 + 1 clocks

4. The fourth transfer cycle is WST2 + 2 clocks

5. For 16-bit accesses only:

— The fifth transfer is repeat of the address in the third transfer but for a duration of
WST1 + 1 clocks

— The sixth transfer is a repeat of the fourth transfer
— The seventh transfer is the one that should have occurred as the fifth, is the first of
a new burst and timed at WST1 + 1 clocks
6. For 32-bit accesses only, the fourth transfer is timed at WST2 + 5 clocks
— For 8-bit accesses only, the third access is timed at WST2 + 2 clocks.
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4.1.10.2 PC Card Timing

For the PCMCIA interface, configure the Address Pre-Charge Times, the Read/Write
Access Times, and the Hold Times for the Attribute, Common Memory, and I/O Spaces for
each card as they may be different for different cards. These Pre-Charge, Access, and
Hold Times are configured in the Attribute, Common, and I/O registers for Bank 4, support-
ing Card 1, and for Bank 5, supporting Card 2:

* The Pre-Charge Delay Time determines the number of clock cycles for the PC card
address to be asserted before the PC card nOE or nWE is asserted. Program this value
in the PCxATTRIB register Pre-charge delay time for Attribute space field (PCxAT-
TRIB:PA), the PCxCOM register Pre-charge delay time for Common space field (PCx-
COM:PC), and the PCxIO register Pre-charge delay time for I/O space field (PCxIO:PI).
(Where x in each register name is 1 or 2, corresponding to Card 1 or Card 2.) The time
specified by the field value is (value + 1) x HCLK.

* External PC cards can extend the access cycles using wait states. Regardless of
external wait states, the Access Delay Time defines the minimum width, in clock cycles,
of the PCMCIA nOE or nWE signal. Program this value in the PCxATTRIB register
Access time for Attribute space field (PCxATTRIB:AA), the PCxCOM register Access
time for Common space field (PCxCOM:AC), and the PCxIO register Access time for
I/0O space field (PCxIO:Al). The time specified by the field value is (value + 1) x HCLK.

* The Hold Time defines the minimum number of clock cycles between releasing the nOE
or nWE signal and releasing the PC card chip select/data/address. Program this
value in the PCxATTRIB register, PCxCOM register, and PCxIO register Hold Time fields
(PCxATTRIB:HT, PCxCOM:HT, and PCxIO:HT). The time specified by the field value is
(value + 1) x HCLK.

Support of NPCWAITX signaling in the controller allows slower cards to stretch the access
cycles to the maximum of 12 ms. To protect the system from malfunctioning cards, disable
the nPCWAITx signal while reading Attribute memory space, and explicitly re-enable
nPCWAITx once the card is verified as functioning correctly. The PCMCIA Control register
(PCMCIACON) Wait State Enable 1 (WEN1) and Wait State Enable 2 (WEN2) bits enable
and disable nPCWAITx signal acceptance:

e PCMCIACON:WENT1 controls wait states for Card 1.
¢ PCMCIACON:WENZ2 controls wait states for Card 2.

The longest cycle time required by the PCMCIA specification is 600 ns. This cycle time is
the mandated access speed for initial reads to attribute memory of an unknown 3.3 VDC
card. A5 VDC card attribute memory is initially read at 300 ns. In both cases, the maximum
required programmable delay is half the full cycle time: 300 ns or 150 ns, respectively.

The Card Information Structure (CIS), read from the Attribute space, provides the access
times for the remainder of the card structure. The SMC can be configured to generate the
appropriate delays. At the fastest expected bus speed of 100 MHz (a 10 ns cycle), the
longest output enable access time is 300 ns. The equivalent maximum required Pre-
Charge time for the 600 ns cycle time cards is 100 ns.
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Care must be exercised when using the nWAIT signal in order to meet PCMCIA specifica-
tion. A read or write cycle cannot complete while the nWAIT signal is asserted by the PC
Card. If the nWAIT signal is de-asserted prior to normal completion of the read or write
cycle, the cycle should complete normally. However, the LH7A400 terminates the read or
write cycle immediately upon removal of the nWAIT signal, even if it is prior to the minimum-
required cycle time. This situation could result in an out-of-compliance bus cycle time.

For proper operation, GPIO bits must be used to detect PC Card presence rather than the
NPCSTATRE signal (see Section 4.1.4.1 for nPCSTATRE use). Then, software can first
read the GPIO bits, and if a card slot is empty, the software can avoid accessing the empty
slot, especially if "WAIT is honored on behalf of the PC Card in the occupied slot.

4.1.11 Write Protection

Each bank of external memory controlled by an SMC Chip Select can be configured for
write protection. Although external SRAM is normally unprotected, and ROM devices are
normally write-protected, the external SRAM devices can also be write protected. To
define a bank as ROM or write-protected RAM, program the corresponding BCR Write
Protect bit (BCR:WP) to 1. To define the bank as SRAM, program WP to 0. A write access
to a write-protected bank of memory asserts the corresponding BCR Write Protect Error
field (BCR:WPERR). A write access to unprotected ROM, for example, causes no error.
To clear WPERR, write any value to WPERR.

4.1.12 External Bus Interface

For low power operation, the external address bus transitions are minimized by enabling
the address bus transitions only during external memory accesses. The data-out path
allows conversion of 32-bit AMBA writes into several external memory half-word or byte
writes. The LH7A400 drives all bits of the data bus in accordance with the width pro-
grammed for that bank of memory, regardless of the requested width of a data write
operation. The data-in path can construct 32-bit AMBA data words from half-word-wide
and byte-wide external static memory devices.
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Static Memory Controller (SMC)

4.2 Register Reference

This section describes the SMC registers.

4.2.1 Memory Map

The register offsets shown in Table 4-9 are relative to the SMC base address, 0x8000.2000.

Table 4-9. SMC Memory Map

ADDRESS OFFSET NAME DESCRIPTION
0x00 BCRO Bank 0 (0x0000.0000) Configuration
0x04 BCR1 Bank 1 (0x1000.0000) Configuration
0x08 BCR2 Bank 2 (0x2000.0000) Configuration
0x0C BCR3 Bank 3 (0x3000.0000) Configuration
0x10 - 0x17 " Reserved
0x18 BCR6 Bank 6 (0x6000.0000) Configuration
0x1C BCR7 Bank 7 (0x7000.0000) Configuration
0x20 PC1ATTIB | PC Card 1 (0x4000.0000) Attribute Space Configuration
0x24 PC1COM PC Card 1 Common Memory Space Configuration
0x28 PC1IO PC Card 1 1/0O Space Configuration
0x2C " Reserved
0x30 PC2ATTIB | PC Card 2 (0x5000.000) Attribute Space Configuration
0x34 PC2COM PC Card 2 Common Memory Space Configuration
0x38 PC210 PC Card 2 I/0 Space Configuration
0x3C " Reserved
0x40 PCMCIACON | PCMCIA Control
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4.2.2 Register Descriptions
The following sections describe the contents and use of the registers.

4.2.2.1 Bank Configuration Registers (BCRXx)

To program the parameters and timing for each memory bank, use the corresponding
Bank Configuration register, described in Table 4-10 and Table 4-11.

Table 4-10. BCRx Registers
27 | 26 25‘24‘23|22‘21‘20‘19‘18‘17‘16
PME | WP i

BIT 31 \ 30
FIELD Il
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RESET| 0 0

WIDTHA1
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TYPE RO RW | RW | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO
BIT 15 14 11 10 9 8 7 6 5 4 3 2 1 0
FIELD WST2 i WST1 i IDCY
RESET | 1 1 1 1 1 0 1 1 1 1 1 0 0 0 0 0
TYPE RW | RW | RW | RW | RW | RO | RW|RW | RW | RW | RW | RO | RW | RW | RW | RW

0x8000.2000 for BCRO, controlling nCS0
0x8000.2004 for BCR1, controlling nCS1
0x8000.2008 for BCR2, controlling nCS2
0x8000.200C for BCR3, controlling nCS3
0x8000.2018 for BCR6, controlling nCS6
0x8000.201C for BCR7, controlling nCS7

s
=
T
=

iy
w
iy
N

ADDR

Table 4-11. BCRXx Fields

BITS | FIELD DESCRIPTION
31:30 " Reserved Reading returns 0. Write the reset value.
Memory Width Selects the external device memory width:

00 = 8 bits; nWEQ is the only active write enable; A0 and A1 are the least-
significant address signals

01 = 16 bits; nWEOQ[1:0] are the active write enables; A1 is the least-significant
address signal

10 = 32 bits; nWEOQ[3:0] are the active write enables; A2 is the least-significant

29:28 MW address signal

11 = Do not use this value; it can cause unpredictable operation.

To support different boot ROM widths, holding MEDCHG LOW after a
power-on reset automatically configures this field for nCSO0. This configuration
programs MW to the state of the WIDTH1 and WIDTHO pins. When booting
from ROM via nCS0, ensure at least one of WIDTH1 or WIDTHO is LOW.The
currently programmed value can be ascertained by reading this field.

Page Mode Enable

1 = Enables page mode for burst ROM access, providing fast quad-word

27 PME accesses in burst mode by toggling the least two significant address bits
on quad word boundaries.

0 = Disables page mode.
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Table 4-11. BCRXx Fields (Cont’d)
BITS | FIELD DESCRIPTION

Write Protect Selects the memory access protection level:

26 WP | 1 = ROM and write protected RAM
0 = SRAM

Write Protect Error

1 = A write protect error has occurred.

25 | WPERR 0 = No write protect error.

Writing any value to this field clears an existing Write Protect error.
24:16 " Reserved Reading returns 0. Write the reset value.

Wait State 2 WST2 is only relevent for Page Mode operation. With Page
Mode enabled, burst read timing behaves as follows:
1. The first transfer cycle duration is WST1 + 1 clocks
2. The second and third transfer cycle durations are WST2 + 1 clocks
3. The fourth transfer cycle is WST2 + 2 clocks
4. For 16-bit accesses only:
15:11 | WST2 — The fifth transfer is repeat of the address in the third transfer but for a
duration of WST1 + 1 clocks
— The sixth transfer is a repeat of the fourth transfer
— The seventh transfer is the one that should have occurred as the fifth, is
the first of a new burst and timed at WST1 + 1 clocks.
5. For 32-bit accesses only, the fourth transfer is timed at WST2 + 5 clocks
6. For 8-bit accesses only, the third access is timed at WST2 + 2 clocks

Reserved Reading returns 0. Because setting this field can cause
10 " anomalous activity on the nWE[3:0] signals (pins C8, N16, M14, and D10,
respectively), ensure this bit is 0 when writing to this register.

Wait State 1 Program this value to set the SRAM and ROM read and write
access time, and the first access for burst ROM accesses in Page Mode.
9:5 WST1 | Access Time = (WST1 + 1) x HCLK. The currently programmed value can
be ascertained by reading this field. After reset, this value is Ox1F, to
accommodate booting from ROM.

4 " Reserved Reading returns 0. Values written cannot be read.

Idle Cycle Program this value to set the memory data bus turnaround
3:0 IDCY |time, from a read cycle to a write cycle: (IDCY + 1) x HCLK. The currently
programmed value can be ascertained by reading this field.
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4.2.2.2 PC Card Attribute Space Registers (PCxATTRIB)
SMC Banks 4 and 5 support PCMCIA and CF PC Cards:

* Bank 4 supports Card 1, addressed at 0x4000.0000.

e Bank 5 supports Card 2, addressed at 0x5000.0000.

In each bank, PC Card Attribute, Common Memory, and I/O Configuration register set con-
trols the wait state and device width for these address spaces. The PC card Attribute con-
figuration registers, described in Table 4-12 and Table 4-13, allows programming the
attributes of the two PC Cards. PC1ATTRIB corresponds to Bank 4 and PC2ATTRIB
corresponds to Bank 5.

Table 4-12. PCxATTRIB Registers

BIT 31 [ 30 | 20 [ 28 |27 | 26 | 25 | 24 [ 23 | 22 [ 21 | 20 | 19 [ 18 | 17 | 16
FIELD | WA /" AA

RESET| o0 | o [ o [ o[ o ] oflofJo]o|lo]o|lo]olf]o]ol]o
TYPE |[RW | RO | RO | RO | RO | RO | RO [ RO [RW | RW | RW [ RW | RW | RW | RW | RW
BIT 15 |14 (131211 [10] 98|76 |5 ]a]s3]2]1]o0o0
FIELD / HT PA
RESET| 0 | o | o | o | o] oflofJololo]oloJof]ol]ol]o
TYPE | RO | RO | RO | RO | RW | RW | RW | RW | RW | RW [ RW | RW | RW | RW | RW | RW

0x8000.2020 for Card 1, controlling nPCSLOTE1
0x8000.2030 for Card 2, controlling nPCSLOTE2

ADDR

Table 4-13. PCxATTRIB Fields
BITS | FIELD DESCRIPTION

Width of Attribute Address Space Selects the attribute address space width:
31 | WA |{-16bits

0 = 8 bits.

30:24 /Il | Reserved Reading returns 0. Values written cannot be read.

Access Time for Attribute Space Program this value to set the attribute
23:16 | AA | space accesstime: (AA+1) x HCLK. The currently programmed value can be as-
certained by reading this field.

15:12 /Il | Reserved Reading returns 0. Values written cannot be read.

Hold Time Program this value to set the hold time between the nOE or nWEXx
11:8 HT | signal release and the chip select/address/data signal release: (HT+1) x HCLK.
The currently programmed value can be ascertained by reading this field.

Pre-charge Delay Time for Attribute Space Program this value to set the at-
7:0 PA | tribute space pre-charge delay time: (PA+1) x HCLK. The currently programmed
value can be ascertained by reading this field.
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4.2.2.3 PC Card Common Memory Space Registers (PCxCOM)

The PC card Common memory configuration register, described in Table 4-14 and
Table 4-15 allows programming the Common Memory space parameters and timing.
PC1COM corresponds to Bank 4 and PC2COM corresponds to Bank 5.

Table 4-14. PCxCOM Registers

BIT 31 [ 30 | 29 | 28 |27 | 26 | 25 | 24 [ 23 | 22 [ 21 | 20 | 19 [ 18 | 17 | 16
FIELD | WC m AC
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RW | RO | RO | RO | RO | RO | RO | RO | RW | RW | RW | RW | RW | RW | RW | RW
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
FIELD " HT PC
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
ADDR 0x8000.2024 for Card 1, controlling nPCSLOTE1
0x8000.2034 for Card 2, controlling nPCSLOTE2
Table 4-15. PCxCOM Fields
BITS | FIELD DESCRIPTION
Width of Common Memory Address Space Selects the common memory
address space width:
31 wC
1 =16 bits
0 = 8 bits.
30:24 i Reserved Reading returns 0. Values written cannot be read.
Access Time for Common Memory Program this value to set the common
23:16 | AC | memory space access time: (AC + 1) x HCLK. The currently programmed value
can be ascertained by reading this field.
15:12 " Reserved Reading returns 0. Values written cannot be read.
Hold Time Program this value to set the hold time between the common mem-
11:8 HT | ory space data signal release and the chip select signal release: HT x HCLK. The
currently programmed value can be ascertained by reading this field.
Pre-charge Delay Time for Common Memory Program this value to set the
7:0 PC | common memory space pre-charge delay time: (PC + 1) x HCLK. The currently
programmed value can be ascertained by reading this field.
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4.2.2.4 PC Card I/O Space Registers (PCxIO)

The PC Card I/O Space Configuration registers, described in Table 4-16 and Table 4-17,
allow programming the I/O Space parameters and timing.

Table 4-16. PCxIO Registers

BIT 31 [ 30 | 29 [ 28 |27 | 26 | 25 [ 24 [ 23 [ 22 [ 21 |20 | 19 ]| 18 | 17 | 16
FIELD | W /// Al

RESET| o | o | o ol oo |lo|lo|lo]lo]lo]o]ol]ol]ol]o
TYPE |RW | RO | RO | RO | RO | RO | RO | RO | RW | RW [ RW | RW | RW | RW | RW | RW
BIT 1514131211 |10]9 8|76 |5]a]s3]|2]1]o0o0
FIELD i HT PI
RESET| o | o | o | o | o | o|o|lo|lo|lo|lo]o]o]o]ol]o
TYPE | RO | RO | RO | RO | RW | RW | RW | RW | RW | RW [ RWw | Rw | Rw | RW | RW | RW
0x8000.2028 for Card 1, controlling nPCSLOTE1

ADDR 0x8000.2038 for Card 2, controlling nPCSLOTE2
Table 4-17. PCxIO Fields
BITS FIELD DESCRIPTION
Width of I/0 Address Space Selects the I/O address space width:
31 W10 =g bits
1 = 16 bits.
30:24 " Reserved Reading returns 0. Values written cannot be read.
Access Time for I/O Space Program this value to set the I/O space
23:16 Al access time: (Al + 1) x HCLK. The currently programmed value can be as-
certained by reading this field.
15:12 " Reserved Reading returns 0. Values written cannot be read.
Hold Time Program this value to set the hold time between the 1/0 space
11:8 HT data signal release and the chip select signal release: HT x HCLK. The cur-
rently programmed value can be ascertained by reading this field.
Pre-charge Delay Time for /O Space Program this value to set the 1/0O
7:0 Pl space pre-charge delay time: (Pl + 1) x HCLK. The currently programmed
value can be ascertained by reading this field.
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4.2.2.5 PCMCIA Control Register (PCMCIACON)

This register, described in Table 4-18 and Table 4-19, allows configuration of the PCMCIA
and CF parameters and timing.

Table 4-18. PCMCIACON Register

BIT 31‘30‘29|28‘27‘26|25‘24‘23|22‘21‘20‘19‘18‘17‘16
FIELD Vi
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO | RO | RO | RO
BIT 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
@ s l=|5|5] z
FIELD W % I A &
= == | 8
RESET| © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO |RW | RO | RO |RW |RW | RW | RW | RW | RW
ADDR 0x8000.2040
Table 4-19. PCMCIACON Fields
BITS | FIELD DESCRIPTION
31:9 " Reserved Reading returns 0. Values written cannot be read.
Manual Control of PCREG This value selects the source for nPCREG
(pin N6) signal generation when PCMCIA operation is enabled:
8 MPREG
1 = Allow manual operation of NPCREG, via GPIO Port G4 programming.
0 = Automatically generate nPCREG.
7:6 " Reserved Reading returns 0. Values written cannot be read.
Wait State Enable for Card 2
5 WEN2 | 1 _ Enable external wait states for Card 2.
0 = Disable external wait states for Card 2.
Wait State Enable for Card 1
4 WEN1 | 1 = Enable external wait states for Card 1.
0 = Disable external wait states for Card 1.
PC Card 2 Reset
3 | PC2RST | 1 = Reset PCMCIA Card 2.
0 = No reset issued.
PC Card 1 Reset
2 | PC1RST | 1 = Reset PCMCIA Card 1.
0 = No reset issued.
PC Card 1 and 2 Enable Enables or disables the PC Cards:
00 = No cards enabled.
1:0 | PC12EN | 01 = One card enabled in CF mode, addressed at 0x4000.0000
10 = One card enabled in PCMCIA mode, addressed at 0x4000.0000
11 = Two cards enabled, each in either CF or PCMCIA mode, addressed at
0x4000.0000 (Card 1) and 0x5000.0000 (Card 2).
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Chapter 5 _
Synchronous Dynamic

Memory Controller

5.1 Theory of Operation

SDRAM memory technology is very different from the simpler memory technologies inter-
faced by the LH7A400 SMC. The SDRAM Memory Controller (SDMC) provides an inter-
face between the AHB and external (off-chip) SDRAM memory devices. The SDMC is for
use with all external SDRAM devices. The LH7A400 includes a Static (asynchronous)
Memory Controller (SMC) for all other external memory devices and a separate memory
controller for the 80KB of embedded SRAM.

The LH7A400 has one external address bus, shared by the SMC and the SDMC. This
sharing is automatically coordinated by the External Bus Interface (EBI) block shown in
Figure 5-1.

SA[13:0] <t
EXTERNAL BUS
SB[1:0] <@===={ INTERFACE |t
(EBI)

D[31:0] -~

nSCS[3:0]

nCAS

SDRAM
MEMORY
CONTROLLER
(SDMC)

nRAS

SCLK

SCKEO

SCKE1_2 30

SCKE3

ADVANCED HIGH
nSWE PERFORMANCE
BUS (AHB)

DQM[3:0]

LH7A400-170

Figure 5-1. SDMC and EBI Block Diagram
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The SDMC features include:

* An LCD DMA port for high bandwidth

* Up to four independently configurable, synchronous memory Banks
* Up to 256MB addressable per memory Bank

e Support for Synchronous ROM (SROM), Synchronous Flash (SFLASH), and
SDRAM operation

* Synchronous Flash device programming using write and erase commands

» Configuration sequences for booting from SROM or SFLASH, before releasing the
processor from reset

¢ 16-bit or 32-bit data bus

* Two reset domains to preserve SDRAM contents during a user reset ("URESET) or
power failure (nPWRFL)

* Power saving synchronous memory clock enable and external clock modes
* Read Buffer and a Merging Write buffer. The Read Buffer can be disabled in software.

Note that it is not possible to read the device ID or the device protect bit from a single
16-bit SyncFlash device.

5.1.1 Memory Banks

The SDMC can accommodate four banks of external SDRAM memory, each with up to
256MB of addressing space. The LH7A404 SDMC provides separate SDRAM Chip Select
signals (nSCS[3:0]) for each range of addresses accessed by the SDMC.

Note that the term ‘bank’, when referring to the LH7A404 bank select signals (SB[1:0]),
refers to selection of the particular bank within the SDRAM chip. The SDRAM chips have
corresponding Bank Address (BA[0:1]) pins.

For example, a 128 Mb SDRAM may have, internally, four banks of 32 Mb. The ACTIVE,
READ, WRITE, and PRECHARGE commands are applied only to the bank selected with
the Bank Address signals.
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5.1.2 Operational Overview

There are many speed and power advantages to using SDRAM. However, the flexibility as
well as lack of complete device standardization, makes design and use more complicated
as well. This section provides an overview of designing and using SDRAM with the SDMC;
more detailed information appears in following sections.

5.1.2.1 SDMC Operation

Before normal operation can occur, the SDRAM devices must be initialized by the
LH7A400 software. The programming is handled by the SDMC writing to the SDRAM
Mode register using several address lines to carry the programming data.

As with asynchronous DRAM, SDRAM is addressed with Row and Column addresses,
gated on Row Address Strobe (nRAS) and Column Address Strobe (nCAS) signals. (With
SDRAM, the data is actually clocked on the SCLK rising edge instead of nRAS and nCAS.
Instead of edge-sensitive ‘strobes’ used for asynchronous DRAM, they actually function as
level-sensitive signals.) This requires the linear, physical address transmitted by the CPU
over the AHB to the SDMC to be translated to the appropriate Row and Column address,
and proper Bank Select and Chip Select signals. The SDMC and the EBI automatically
handle the logic, address translation, and timing based on programming for the specific
SDRAM devices used. This includes nRAS and nCAS timing required for the

specific SDRAM devices.

The total number of address bits necessary to address a specific SDRAM device depends
on its size and organization. The Column address is contained in least significant bits on
the AHB, and the Row address in the bits immediately more significant than the Column
address. A detailed description of address translation appears later in this chapter.

The SDMC enables the row and bank component of the logical address onto the address
lines, usually coincident with the appropriate chip select signal (hnSCSx) and the row
address (nRAS) signal. This is done by the SDMC prior to the next rising edge of SCLK,
early enough to allow the address lines time to settle before the SCLK rising edge causes
the device to become active and simultaneously latches the row and bank address into the
SDRAM device. The RAS-to-CAS delay commences, and then nSCSx and nRAS are
driven HIGH, nominally half a bus clock cycle after registration.

After the RAS-to-CAS-delay, the SDMC again drives nSCSx LOW, only this time the col-
umn address (nCAS) signal and the column and bank component of the logical address is
concurrently LOW. If the action is a READ from the SDRAM device, the nWE signal
remains HIGH; if the action is a WRITE to the SDRAM device, the nWE signal goes LOW
concurrently with nCSx and nCAS. When SDCLK registers the column address, the CAS
latency period commences and then the SDMC sets HIGH nSCSx, nRAS, nCAS, and
nWE (if applicable). After the CAS latency period has elapsed, data on the data lines is
valid, and is latched into the LH7A400 for a READ, or into the SDRAM device for a WRITE.
Both the RAS-to-CAS latency and the CAS latency values are established by the program-
mer during SDMC and SDRAM Initialization.

NXP Semiconductors Ver. 1.3 — 27 August 2007 5-3



Synchronous Dynamic Memory Controller LH7A400 User’s Guide

5.1.2.2 Designhing an SDRAM System

More than any other functional block in the LH7A400, the SDMC requires careful coordi-
nation between the external hardware system design, programming of the SDMC, and
programming to initialize and use the external SDRAM. Because SDRAM devices are
available in a wide range of sizes and organizations (i.e. a 256MB device could be
arranged as 16M x 4 x 4 banks, 8M x 8 x 4 banks, or 4M x 16 x 4), and they are not uni-
versally standardized in terms of programming, programming the SDMC and the SDRAM
is tightly coupled to the particular hardware implementation chosen. In addition, each chip
select can access a different memory configuration.

5.1.2.2.1 Hardware System Design

The hardware design depends heavily on the particular devices selected. While this
chapter provides documentation regarding the SDMC behavior and physical design, it is
impossible to cover all available SDRAM hardware configurations. It is up to the designer
to select the SDRAM and refer to the manufacturer’'s data sheet to complete the intercon-
nection between the LH7A400 and the SDRAM devices.

The major considerations during hardware design include the number of SDRAM devices,
specifications of the SDRAM devices, external bus width, and the bus clock frequency that
is used. Once the devices have been selected and connected, the addressing and pro-
gramming become known and the SDMC and SDRAMs can be programmed.

5.1.2.2.2 Programming the SDMC

The SDMC, coupled with the EBI, provide a very intelligent interface to SDRAM once set
up. The first task upon power up is to configure the SDMC. The SDMC is programmed with
information regarding the external bus structure, bus speed, SDRAM device parameters
and specifications, SDMC operating configuration and power modes.

5.1.2.2.3 Initialization of the SDRAM Devices

Unlike conventional memory, SDRAM has onboard intelligence that must be programmed
prior to writing to or reading from the memory. Parameters that must be initialized include
the bus speed, device parameters (including burst length and type, CAS latency, refresh,
precharge, and operating mode), and SDRAM configuration.

5.1.2.3 Read and Write Operation

Once the SDMC and SDRAM have been programmed and initialized, normal read and
write operation can commence. Again unlike conventional memory, SDRAM is accessed
not only by simple hardware signals, but also by sending commands to the devices. Com-
mands include Read and Write, of course, but also Burst commands, Precharge com-
mands, Refresh, Power down, Clock suspend commands, and others, depending on the
particular SDRAM device.

Study of the device manufacturer’s data sheet will reveal which commands are compatible
with the device used and the optimum implementation. Typically, the ability to transact
burst writes and reads using the SDMC onboard buffers increases memory throughput
considerably. When running in full burst mode, data can be read or written on each rising
HCLK edge after the latency for the first data to appear.
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5.1.2.4 Other Functions

The SDMC is also capable of controlling Synchronous Flash and Synchronous ROM mem-
ory. These require different setup programming of the SDMC than SDRAM does. This is
discussed in detail later in this chapter.

5.1.3 External Hardware System Design

This section describes hardware system design considerations, however, these design
factors directly effect SDMC and SDRAM programming as well. The actual SDRAM
devices used dictate many of the hardware decisions.

The SDRAM system addressing is decoded from the processor physical memory map into
four address domains, each being 256MB. The memory devices used within an address
domain must be all of the same type, but different domains can use different memory
devices and timing characteristics. Because all the memory devices share a common bus,
the total number of devices is limited by the maximum bus capacitance allowable by the
SDRAM device manufacturer’s specifications, regardless of the Chip Select domain.

5.1.3.1 Control Signals

In addition to the standard address and data signals, SDRAM requires several control sig-
nals, some of which have more than one purpose. Table 5-1 describes the control signals
and their function.

Table 5-1. SDMC Control Signals

SIGNAL DESCRIPTION
nSCSx When LOW, the Chip Select signal selects a given domain of SDRAM devices to which it
is connected.
ARAS The Row Address Strobe is LOW concurrent with nSCSx, causing the device to become ‘Active’
and the Row Address to be latched on the next SCLK rising edge.
NCAS The Column Address Strobe is LOW concurrent with nSCSx, causing the Column Address to be
latched on the next SCLK rising edge, beginning a Read or Write operation.
nSWE The Synchronous Write Enable, when LOW concurrently with nSCSx and nCAS causes a Write

operation to begin. If it is HIGH concurrently with these two signals, a read operation commences.

The Data Mask signals control the width of the Read or Write operation. When connected to an
SDRAM DAQL input, it enables the LSB in a two-byte wide device, and when connected to the
DQMx | SDRAM DQH input, it enables the MSB. For a word-width operation, both signals are LOW; for a
byte-width operation, only the appropriate signal is LOW. These are automatically controlled by
the SDMC based on its programming. See the example in Table 5-5.

These four Clock Enable signals allow control of the SDRAM clocks separately for each domain.
During normal operation, the SCKEx signal is continuously HIGH. SCKE LOW concurrently with an
SCKEXx | Auto Refresh command causes the SDRAM to enter Self Refresh Mode. Note that because of pin mul-
tiplexing (see Section 5.1.3.2), external hardware is required to uniquely decode all four SCKEX sig-
nals; however, it may not be necessary in a particular system design to decode all four uniquely.

The Synchronous Clock is based on the LH7A400 HCLK and provides the clock for synchronous

SCLK operation of all SDRAM devices (except when they are in Self Refresh mode).

The synchronous address bit SA10 on the LH7A400 is used during the Precharge command and
during Read and Write command. If SA10 is HIGH concurrently with a Read or Write command, it
SA10 | causes an Auto Precharge command to be applied automatically at the end of the burst. If itis HIGH
during a Precharge command, the devices selected with the Bank Select (SB[1:0]) signal to be pre-
charged. If it is LOW during a Precharge command, all banks are precharged.
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5.1.3.2 Pin Multiplexing

Pins B10 and C10 multiplex the SDMC SCKE1_2 and SCKEO output signals and SMC
CS6 and CS7 output signals. GPIO Pin Multiplexing register bits Clock 12 Enable and
Clock 0 Enable (PINMUX:CLK12EN and PINMUX:CLKOEN) define the multiplexing:

* When CLK12EN = 0, pin B10 is the SMC CS6 output.
* When CLKOEN = 0, pin C10 is the SMC CS7 output.

The SDMC signal multiplexing is selected with the PINMUX register, as shown in
Table 5-2. (See Chapter 7 for more details.) Pin G9 should be configured based on the
hardware design. External logic is necessary if the application requires four uniquely
decoded Clock Enable signals.

After reset, both CLKOEN and CLK12EN are LOW, resulting in all four SCKE[3:0] signals
being ORed together at pin G9. Pin B10 is CS6 and pin C10 is CS7 and both are LOW.
Those two pins must be explicitly programmed after reset to be used as SDRAM Clock
Enable signals.

Synchronous memory devices require multiplexed address signals for row-column-bank

addressing. The addresses placed on the external address bus during memory accesses
are automatically multiplexed from the address sent via the AHB by the SDMC. In addition,
the SDMC and the SMC share the LH7A400 external address bus. Because the LH7A400
A[1:0] signals are also used as SMC Memory Write Enable (nWE[2:1]) signals, the SDMC
Synchronous Address bus (SA[13:0]) and Bank Select (SB[1:0]) signals are multiplexed

with SMC pins used as A[17:2], as shown in Table 5-3.

Table 5-2. SDRAM Clock Enable Multiplexing

PINMUX OUTPUT SIGNAL VALUES
CLKOEN | CLK12EN PIN G9 PINB10 | PINC10
0 0 SCKEO <OR> SCKE1 <OR> SCKE2 <OR> SCKE3 CS6 Cs7
0 1 SCKE1 <OR> SCKE3 SCKE1_2 Cs7
1 0 SCKE1 <OR> SCKE2 <OR> SCKE3 Cs6 SCKEO
1 1 SCKE3 SCKE1_2 | SCKEO
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To manage the address multiplexing for particular Synchronous memory devices, consult
the data sheets supplied by the device manufacturers. Connect the devices to the
LH7A400 and program the SDMC registers according to the device specifications in the
data sheets and the SDMC operation described in this chapter. Figure 5-2 shows an
example of connecting the LH7A400 SDMC to an external SDRAM memory array.

Table 5-3. Address Line Multiplexing

pIN | SYRCHRONQUS DESCRIPTION Ay TR US
E16 SB[1] A[17]
Synchronous Bank Select
F14 SB[0] A[16]
F16 SA[13] A[15]
G13 SA[12] A[14]
G14 SA[11] A[13]
G16 SA[10] A[12]
H14 SA[9] A[11]
H16 SA[8] A[10]
J9 SA[7] A[9]
Synchronous Address Bus
J14 SA[6] A[8]
J16 SA[5] Al7]
J8 SA[4] A[6]
K14 SA[3] A[5]
K15 SA[2] Al4]
K16 SA[1] A[3]
M13 SA[0] Al2]
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NOTE: * Depending on the SDRAM size and organization, some address lines may not be used.

Figure 5-2. SDRAM Device Interfacing
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5.1.3.3 Chip Select Decoding

Each Synchronous Memory address domain is selected by one of the SDMC Chip Select
signals (nSCS[3:0], pins A12, E11, D13, and C14, respectively). The SDMC is configured
to control each address domain by programming the Synchronous Domain Chip Select
Configuration register (SDCSCJ[3:0], respectively) corresponding to the particular chip
select signal. The nSCS[3:0] signals are decoded from the most significant bits of the AHB
address bus, as shown in Table 5-4.

Each Synchronous memory domain can be configured as either 16 or 32 bits wide, and to
support word, half word, and byte transfers from the AHB. When the external memory
system is 16 bits wide, two external bus cycles occur for each 32-bit operand.

Booting can be configured to use SROM located in the nSCS3 address domain. The
MEDCHG signal selects the boot source, as shown in the right-most columns in

Table 5-4. With MEDCHG programmed to 1, SDMC Bank 3 (nSCS3) becomes the boot
location from SROM or SFLASH, mapped to 0x0000.0000. Alternatively, with MEDCHG
programmed to 0, SMC Bank 0 (nCS0) becomes the boot location from asynchronous
memory, mapped to 0x0000.0000, with SDMC Bank 3 mapped to 0xF000.0000.

Table 5-4. Chip Select Address Coding

CHIP SELECT | A31 | A30 | A29 | A28 | MEDCHG | Boot Option
nSCS3 0 0 0 0 1 SROM Bank 3
nSCS3 1 1 1 1 0 SMC Bank 0
nSCS2 1 1 1 0 X X
nSCS1 1 1 0 1 X X
nSCSO 1 1 0 0 X X

5.1.3.4 Address, Data, and Control Requirements

The device type, bank count, and latency timing specifications can vary between the
SDMC Chip Select domains, to accommodate various memory devices in each domain.
The bank count refers to the number of banks within the SDRAM, addressed as a single
SDMC memory domain.
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5.1.3.4.1 Data Mask Signals
Depending on the external memory system width and the operand size, one or two mem-
ory cycles may be required for operand transfer. The Data Mask signals (DQM[3:0]) select
the data phase for each cycle, as shown in Table 5-5.

* For 32-bit wide memory systems, only one memory cycle is required for any data trans-
fer width, with the DQM bits configured on write cycles to disable bytes unaffected by

the transfer.

* For 16-bit wide memory systems, DQM[1] is used as the memory system upper data
mask (UDQM) and DQMIOQ] is used as the lower data mask (LDQM).

* For 32-bit transfers in 16-bit wide memory systems, two memory data phases are
required to complete the memory cycles. Half word (16-bit) and byte-width transfers

complete in one data phase.

Table 5-5. Memory System Examples

MEMORY SYSTEM | sizZE | DATABUs | AHBFHYSICAL | gyt ENABLES
16M by 16-bit 32MB D[15:0] A24:1] DQM[1:0]
16M by 32-bit 64MB D[31:0] Al25:2] DQM[3:0]
64M by 16-bit 128MB D[15:0] A26:1] DQM[1:0]
64M by 32-bit 256MB D[31:0] A27:2] DQM[3:0]
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5.1.3.4.2 Address Pins

Each nSCS domain can be connected to a variety of device types, provided the total
device capacitance on any address, control, or data pin does not exceed the SDRAM
manufacturer’s specified operating limit.

Addresses from the LH7A400 CPU are presented to the SDMC via the AHB. The
addresses are parsed by the SDMC into Row Address, Column Address, Bank Select, and
Chip Select signals.

Because of the row-column-bank architecture of Synchronous memory devices, the
mapping of such devices into the LH7A400 memory space is not necessarily obvious. The
memory in an SDRAM system may appear non-contiguous to the LH7A400 chip. For
example, a 32MB SDRAM device can appear as eight blocks of 4 MB each. This non-con-
tiguous appearance is due to the LH7A400 address pin usage, as shown in Table 5-6. The
header row of this table shows the Synchronous Address signals (SAx) connected to the
SDRAM device. The remaining rows show how the linear address presented to the SDMC
on the AHB maps onto the external LH7A400 Synchronous Address pins.

Each device configuration corresponds to a row and column, showing the addresses

presented to the synchronous memory device for row and column access. For the specific
address lines used in addressing a device, consult the data sheet from the device manu-
facturer. Because some address lines are unused, the memory appears non-contiguous.

Power consumption can be lowered by ensuring that multiple banks within a device are not
always activated. To take maximum advantage of this, use LH7A400 A[26] and A[27] to
ensure the memory map appears the same for both Flash and SROM devices and use the
‘SROM Lookalike’ mode.

Table 5-6. Synchronous Memory Address Decoding

MUXING | \pheess |8 (8 (2|3 |22 (212519212329 /3|2
SCHEME o |0 |FI SIS S0 |od|o|o|vg|lo|o|a|o
Row/Bank | A27 | A26 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12 | A11 | A10| A9
Data Width 16
Column A27 | A26 AP* | A25|A24 | A8 | A7 | A6 | A5 | A4 | AB | A2 | Al
Row/Bank | A27 | A26 | A23 | A22 | A21 | A20 | A19 | A18 | A17 |A16 | A15 | A14 | A13 | A12 | A11 | A10
Data Width 32
Column A27 | A26 AP* |A25|A24| A9 | AB | A7 | A6 | A5 | Ad | A3 | A2
2K Page Row/Bank | A27 | A26 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | A17 |A16 | A15 | A14 | A13 | A12 | Al1
Mode, Data
Width 32 Column  |A27 |A26 AP* |A25|A24| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2
SROM512, Row/Bank | A27 | A26 | A22 | A21 |A20| A19| A18 | A17 | A16 | A15 | A14 | A13 |A12 | A11|A10| A9
Data Width 32 | column A27 | A26 A25|A24 |A23| A8 | A7 | A6 | A5 | A4 | A3 | A2
SROM Row/Bank |A22 | A21|A27 | A26 | A20 | A19|A18 | A17 | A16 |A15 | A14 | A13 |A12 | A11|A10| A9
Lookalike,
Data Width 16 | Column A22 | A21 AP* | A25|A24 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1
SROM Row/Bank | A23|A22 | A27 | A26 | A21 | A20|A19 | A18 | A17 |A16 |A15|A14 | A13|A12|A11 | A10
Lookalike,
Data Width 32 |Column | A23 | A22 A25|A24| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2

NOTE: * AP = SA10 used to control Auto Precharge.
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The first two rows of Table 5-6 (reproduced in Table 5-7 for clarity) show the address map-
ping for an example of a 256MB device:

* 16 bits wide
* 24 address lines: 13 row addresses, nine column addresses, and two bank signals

e Address lines A22, A23, and A25 are unused in this address, because the row and
column are 13 and 9, respectively. The non-use of these address lines results in the
non-continuous memory map of the SDRAM.

Table 5-7. Address Mapping for 256 Mbit SDRAM

MUXING | \nhpess| 8 |8 |2 [ (5121221592123 (2/9 3|2
SCHEME oo |33 S| S| o|lo|lo|v|v|v|o|o|od|a
Data Width 16 Row/Bank | A27 | A26 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | A15 | A14 | A13 | A12| A11 [ A10| A9

ata Wi
Column A27 | A26 Unused AP |A25|A24| A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al

Set SDCSCx:SROM512 to ensure a linear addressing range for highly rectangular organized
devices. Burst accesses must also be prevented from crossing the 512 byte boundry.

To prevent vacant addresses in the AHB address space, set SDCSCx:SROMLL to use a
SyncFlash device to mimic an SROM device or to configure a SDRAM device as a flat
address space. SDCSCx:EBW specifies the data width. SDCSCx:SROMLL must be pro-
grammed to 0 prior to writing to SyncFlash.

Table 5-8 and Table 5-9 show the address ranges used by a variety of different device
configurations and sizes, for 32-bit wide data, using two 16-bit-wide devices. The Read
addresses shown in these tables are offset from each memory Bank base address speci-
fied by the four most significant bits of the address (the Chip Select signals, nSCS[3:0]).

Table 5-8. Address Ranges for 32-bit-wide Devices

ADDRESS TOTAL CONTIGUOUS SEGMENT

DEVICE SIZE (SYSTEMTYPE) | " ATRIX | DOMAIN SIZE ADDRESS RANGE* SIZE
o ) 12 x 8 x 2 0xN000.0000-0xNO3F.FFFF

64MB (32-bit-wide device) 8VB 4MB
banks 0xN400.0000-0xN43F.FFFF
0xN000.0000-0xNO1F.FFFF
o _ 11x8x4 0xN400.0000-0xN41F.FFFF

64MB (32-bit-wide device) 8MB 2MB
banks 0xN800.0000-0xN81F.FFFF
0xNC00.0000-0xNC1F.FFFF
0xN000.0000-0xNO3F.FFFF
L . 12x8x4 0xN400.0000-0xN43F.FFFF

64MB (Two 16-bit-wide devices) 16MB 4MB
banks 0xN800.0000-0xN83F.FFFF
0xNC00.0000-0xNC3F.FFFF
0xN000.0000-0xNO3F.FFFF
L . 12x8x4 0xN400.0000-0xN43F.FFFF

128MB (32-bit-wide device) 16MB 4MB
banks 0xN800.0000-0xN83F.FFFF
0xNC00.0000-0xNC3F.FFFF
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Table 5-8. Address Ranges for 32-bit-wide Devices (Cont’d)

DEVICE SIZE (SYSTEM TYPE)

ADDRESS
MATRIX

TOTAL
DOMAIN SIZE

CONTIGUOUS
ADDRESS RANGE*

SEGMENT
SIZE

128MB (Two 16-bit-wide devices)

12x9x4
banks

32MB

0xN000.0000-0xNO3F.FFFF

0xN100.0000-0xN13F.FFFF

0xN400.0000-0xN43F.FFFF

0xN500.0000-0xN53F.FFFF

0xN800.0000-0xN83F.FFFF

0xN900.0000-0xN93F.FFFF

0xNC00.0000-0xNC3F.FFFF

0xNDO00.0000-0xND3F.FFFF

4MB

256MB (32-bit-wide device)

13x8x4
banks

32MB

0xN000.0000-0xNO7F.FFFF

0xN400.0000-0xN47F.FFFF

0xN800.0000-0xN87F.FFFF

0xNC00.0000-0xNC7F.FFFF

8MB

256MB (Two 16-bit-wide devices)

13x9x4
banks

64MB

0xN000.0000-0xNO7F.FFFF

0xN100.0000-0xN17F.FFFF

0xN400.0000-0xN47F.FFFF

0xN500.0000-0xN57F.FFFF

0xN800.0000-0xN87F.FFFF

0xN900.0000-0xN97F.FFFF

0xNC00.0000-0xNC7F.FFFF

0xND00.0000-0xND7F.FFFF

8MB

512MB (Two 16-bit-wide devices)

13x10x4
banks

128MB

0xN000.0000-0xNO7F.FFFF

0xN100.0000-0xN17F.FFFF

0xN200.0000-0xN27F.FFFF

0xN300.0000-0xN37F.FFFF

0xN400.0000-0xN47F.FFFF

0xN500.0000-0xN57F.FFFF

0xN600.0000-0xN67F.FFFF

0xN700.0000-0xN77F.FFFF

0xN800.0000-0xN87F.FFFF

0xN900.0000-0xN97F.FFFF

0xNA00.0000-0xNA7F.FFFF

0xNB00.0000-0xNB7F.FFFF

0xNC00.0000-0xNC7F.FFFF

0xNDO00.0000-0xND7F.FFFF

0xNE00.0000-0xNE7F.FFFF

0xNF00.0000-0xNF7F.FFFF

8MB

NOTE:

*N’ = MSB of particular SDRAM Domain.
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Table 5-9. Address Ranges for 16-bit-wide Devices

DEVICE SIZE
(SYSTEM TYPE)

ADDRESS
MATRIX

TOTAL
BANK SIZE

CONTINUOUS
ADDRESS RANGE

SEGMENT
SIZE

64MB (16-bit-wide device)

12x8x4
banks

8MB

0xN000.0000-0xNO1F.FFFF

0xN400.0000-0xN41F.FFFF

0xN800.0000-0xN81F.FFFF

0xNC00.0000-0xNC1F.FFFF

2MB

128MB (16-bit-wide device)

12x9x4
banks

16MB

0xN000.0000-0xNO1F.FFFF

0xN100.0000-0xN11F.FFFF

0xN400.0000-0xN41F.FFFF

0xN500.0000-0xN51F.FFFF

0xN800.0000-0xN81F.FFFF

0xN900.0000-0xN91F.FFFF

0xNC00.0000-0xNC1F.FFFF

0xNDO00.0000-0xND1F.FFFF

2MB

256MB (16-bit-wide device)

13x9x4
banks

32MB

0xN000.0000-0xNO3F.FFFF

0xN100.0000-0xN13F.FFFF

0xN400.0000-0xN43F.FFFF

0xN500.0000-0xN53F.FFFF

0xN800.0000-0xN83F.FFFF

0xN900.0000-0xN93F.FFFF

0xNC00.0000-0xNC3F.FFFF

0xND00.0000-0xND3F.FFFF

4MB

512MB (16-bit-wide device)

13x10x4
banks

64MB

0xN000.0000-0xNO3F.FFFF

0xN100.0000-0xN13F.FFFF

0xN200.0000-0xN23F.FFFF

0xN300.0000-0xN33F.FFFF

0xN400.0000-0xN43F.FFFF

0xN500.0000-0xN53F.FFFF

0xN600.0000-0xN63F.FFFF

0xN700.0000-0xN73F.FFFF

0xN800.0000-0xN83F.FFFF

0xN900.0000-0xN93F.FFFF

0xNAO00.0000-0xNA3F.FFFF

0xNB00.0000-0xNB3F.FFFF

0xNC00.0000-0xNC3F.FFFF

0xNDO00.0000-0xND3F.FFFF

O0xNEO00.0000-0xNE3F.FFFF

0xNF00.0000-0xNF3F.FFFF

4MB

NOTE: *N’ = MSB of particular SDRAM Domain.
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5.1.4 Programming the SDMC

The SDMC is configured by entering the proper parameter values into its four Synchro-
nous Domain Chip Select Configuration registers (SDCSC[3:0]), Global Configuration reg-
ister (GBLCNFG), and Refresh Timer register (RFSHTMR), in the proper sequence during
initialization. This is done by writing the configuration data directly to their memory-mapped
location under program control.

The Global Configuration register is programmed with information common to all SDRAM
domains. The SDCSC registers contain information specific to each domain, based on the
Chip Select signal. Exact use of the registers is described in Section 5.3.2.

The SDRAM devices are configured by programming their onboard Mode Registers. This
is done by programming bits [1:0] in the GBLCNFG register to 1 to cause the SDMC to
generate the Load Mode Register command to the SDRAM, then performing a read oper-
ation to the SDRAM device. The value to be programmed is encoded onto the address sig-
nals during the read from the configuration data contained in the SDCSC register
associated with the particular SDRAM domain. The coded address is formed by combining
the base address of the applicable chip select with the bit pattern with the values to be
loaded into corresponding bits of the Mode Register.

5.1.4.1 Determining Parameter Values
For initialization, the user must:

¢ Decide whether or not to enable Auto Pre-charge.
¢ Determine the permitted RAS to CAS latency.

¢ Determine the permitted CAS latency.

* Define the external bus width.

¢ Determine the necessary burst length.

* Identify the specific type of SDRAM attached to each of the Chip Select signals, that is,
determine the number of internal banks in the respective SDRAM devices, and deter-
mine the address multiplexing scheme they use.

* Determine the Write Burst Mode: either programmed burst length or single location access
should be selected in conjunction with enabling or disabling the SDMC Write Buffers.

* Decide which of the four Clock Enable signals will be used.

5.1.4.2 Auto Precharge

During normal operation, it is desirable to use Auto Precharge, so Auto Precharge would
usually be enabled. In general, manual precharge is used for page size bursting transfers
under program control.
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5.1.4.3 RAS to CAS Latency

The RAS to CAS latency is the number of SCLKs between the ACTIVE command and the
READ or WRITE command.

The LH7A400 only allows RAS to CAS latency (RCD) values of 2 or 3.

Of these two values, the RAS to CAS latency is selected by inspecting the SDRAM AC
operating conditions in the manufacturer’s data sheet.

The RAS-to-CAS setting is specified in integral counts of SCLK. The required count value
is the least integral number of SCLKs multiplied by the bus clock period that results in a
value greater than or equal to the minimum ACTIVE to READ or ACTIVE to WRITE delay.

That is, the following inequality must be satisfied:
Period(SCLK) x RCD > tRCD

5.1.4.4 CAS Latency

The CAS latency identifies the number of SCLKs between incidence of the READ or
WRITE command and the presence of valid data. A CAS latency of 2 means that data is
valid on the second SCLK after the READ or WRITE SCLK.

Understanding CAS latency is somewhat confusing because the actual latency for a
WRITE is different than the actual latency for a READ for a specific configured value of
CAS latency. If CAS latency is set to 2, then the actual CAS latency for a READ is 2
SCLKs, while the actual CAS latency for a WRITE is 3 SCLKS.

The SDMC can accommodate CAS latencies of 2-8.

5.1.4.5 External Bus Width

External bus width is established by the physical hardware. The External Bus Width (EBW)
bit in the SDCSC registers establishes the external bus width from the LH7A400’s view-

point. The value selected also determines which Burst Length must be programmed into
the SDRAM device.

5.1.4.6 Burst Length

The burst length is automatically determined by the value programmed for the
GBLCNFG[EBW] bit. If the bus width selected is 16 bits, the burst length is 8. If the bus
width selected is 32 bits, the burst length is 4.
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5.1.4.7 Clock Enable and Clock Shutdown

Clock Enable and Clock Shutdown are configured using GBLCNFG[CKE] and
GBLCNFG[CKSD]. When Clock Enable is programmed to 0, the SDMC drives the SCKEXx
signal LOW when all SDRAM devices are idle to conserve power. When Clock Enable is
programmed to 1, the SCKEXx signal is set HIGH to all SDRAM devices continuously. Clock
Control affects the SCLK signal. If Clock Control is programmed to 0, SCLK is inhibited
when all devices are idle. If Clock Control is programmed to 1, SCLK runs continuously
while the SDMC is in control of the EBI. However, it’s important to note that SCLK cannot
be used to clock other peripherals as it stops when the SMC controls the EBI.

Note that programming both Clock Control and Clock Enable to 1 is a forbidden condition.
That is, configuring SDCLK to stop when idle while configuring GBLCNFG[CKE] to HIGH
continuously must not be done.

5.1.4.8 Configuring the SDRAM device Load Mode Register

Using GBLCNFG under program control, the SDMC can generate one of four specific
commands, or resume normal operation. The commands are:

e Generate a NOP command

* Generate a PRECHARGE ALL command

* Generate an SDRAM LOAD MODE REGISTER command

¢ Generate a Synchronous Flash LOAD COMMAND REGISTER command
* Resume normal operation.

When GBLCNFG[MRS]=1 and GBLCNFG[Initialize]=0, access to the Synchronous
Device MODE register is enabled, and the subsequent Read Instruction address on

the AHB Address Bus A[23:10] is output on SA[13:0] as the SYNCHRONOUS MODE
command. The Read Address specifies the Command Word. The four most significant
address bits specify the memory Bank receiving this Command Word. When the LH7A400
is configured to boot from SROM or SFLASH, the four most significant address bits are
0x0, corresponding to Bank 3 (hnSDCS[3])).

For Mode register programming, the Command Word put onto the address lines depends
on whether the device is SROM, SDRAM, or SFLASH. Table 5-10 shows the Command
Word coding for various device types with a 32-bit external bus. After programming the
device Mode register for a Chip Select (nSCSx), program the corresponding SDMC
SDCSCx register:

* The read Burst Length (BL) shown in Table 5-10 is 4 because the device types covered
by this table are 32-bit. The smallest burst length supported by LH7A400 is a quad word.
Program the SDMC external device bus width to match the device BL:

— Program SDCSCx:EBW to 0, specifying a 32-bit external memory system with a BL
of 4. In the corresponding Command Word, code BL[2:0] = 0b010 for SDRAM and
SFLASH, or BL[1:0] = Ob01 for SROM.

— Program SDCSCx:EBW to 0, specifying a 16-bit memory system with a BL of 8. In the
corresponding Command Word, code BL[2:0] = 0b011 for SDRAM and SFLASH, or
BL[1:0] = 0b10 for SROM.
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* Enable or disable Auto-Precharge in SDCSCx:AutoPrecharge, to match the Command
Word Auto Precharge (AP) coding.

e The Write Burst Length (WBL) varies by device type, as follows:

— For SDRAM devices, specify single location write accesses by programming
SDCSCx:WBL to 1. Specify write burst accesses the same length as BL by program-
ming SDCSCx:WB to 0.

— SFLASH devices can be written to in only single word writes, not in bursts. For
SFLASH devices, program SDCSCx:WBL to 0.

— For SROM devices, program SDCSCx:WBL to 0, disabling burst write accesses.

* In the Command Word, the device Operating Mode (OPM[1:0]) is Ob0O0 for normal
operation, unless otherwise specified in the device data sheet. No corresponding pro-
gramming is required for the SDMC.

* Program SDCSCx:CasLat[2:0] with a Column Access Strobe (CAS) latency
corresponding to CAS[2:0] in the Command Word, as shown in Table 5-11.

* In the Command Word, the Burst Access Type (BAT) specifies sequential (0) or inter-
leaved (1) burst addressing. No corresponding programming is required for the SDMC.

* For SDRAM and SFLASH devices, program SDCSCx:RasToCas[1:0] for a latency
eqgual to or greater than the latency specified in the device data sheet. Only SROM
devices require Command Word RAS coding. For SROM devices, program
SDCSCx:RasToCas[1:0]:

— When Command Word RAS = 0b0, specifying a RAS of 2, program
SDCSCx:RasToCas[1:0] = 0b10.

— When Command Word RAS = 0b1, specifying a RAS of 3, program
SDCSCx:RasToCas[1:0] = Ob11.

e Example 1 is for a SDRAM device. The Command Word coding and corresponding
SDMC programming are:
— The Command Word specifies the Write Burst Length is the same as the Read Burst
Length (WBL = 0b0). Clear SDCSCx:WBL.
— The Command Word specifies the CAS latency is 3 (CAS[2:0] = 0b011). Program
SDCSCx:Caslat[2:0] = 0b010.

— The Command Word specifies sequential burst access (BAT = 0b0).

e Example 2 is for a SROM device. The Command Word coding and corresponding
SDMC programming are:
— The Command Word specifies the RAS latency is 2 (RAS = 1). Program
SDCSCx:RasToCas[1:0] = 0b10.
— The Command Word specifies the CAS latency is 5 (CAS[2:0] = 0b100). Program
SDCSCx:CasLat[2:0] = 0b100.

— The Command Word specifies sequential burst access (BAT = 0b0).

Table 5-11, Table 5-12, and Table 5-13 show the standard codings for CAS, RAS, BAT,
BL, and WBL. Table 5-15 and Table 5-16 show examples of the Read addresses to con-
figure various parameters on 32-bit wide and 16-bit wide external devices. The Read
addresses shown in these tables are offset from each memory Bank base address speci-
fied by the four most significant bits of the address (the Chip Select signals, nSCS[3:0]).
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Table 5-10. Mode Register Command Coding for 32-bit External Systems

SDRAM ADDRESS LINES
vEmory Type | SAT! | AP/sA10 | sA9 | sas | sA7 | sAe | sA5 | sA4 | sA3 [ sA2 | sa1 | sao
CORRESPONDING AHB ADDRESS LINES
A21 A20 | A19 | A18 | A17 | A16 | A15 [ A14 [ A13 [ A12 | A11 | A10
SDRAM or SFLASH |  /// /M | WBL | OPMI[1:0] CAS[2:0] BAT BL[2:0]
EXAMPLE 1 0 0 0 00 011 0 010
SROM I I m | m | m | ras CAS[2:0] BAT | BL[1:0] = 0bO1
EXAMPLE 2 0 0 o [ o] o A 100 0 o1

Table 5-11. Synchronous Memory Command Word CAS Coding
and SDCSCx CAS Latency Programming

COMMAND WORD | SDRAM | SFLASH | SDRAM and SFLASH | SROM SROM
CAS[2:0] CAS CAS SDCSCx:CasLat[2:0] CAS | SDCSCx:CasLat[2:0]
000 000 000
001 Unsupported 2 001
010 001 3 010
011 010 4 011
100 5 100
101 6 101
110 7 110
111 8 111

Table 5-12. Synchronous Memory RAS and Write Burst Length Coding

COMMAND WORD SDCSCx REGISTER SDRAM SFLASH SROM
RAS =0 RAS[1:0] = 0b10 RAS =2
RAS =1 RAS[1:0] = Ob11 RAS =3
BAT =0 Sequential Sequential Sequential
BAT =1 Interleaved Interleaved Interleaved
WBL =0 WBL =0 WBL = BL As Initialized As Initialized
WBL =1 WBL =1 Single Location Single Location

Table 5-13. Burst Length for SDRAM and SFLASH

SDCSCx:EBW COMMAND SDRAM (SDCSCx:WBL = 0b1) | SFLASH (SDCSCx:WBL = 0b0)
WORD BURST LENGTH (WORDS) BURST LENGTH (WORDS)
Unsupported BL[2:0] = 000 1 1
Unsupported BL[2:0] = 001 2 2
0 (32-bit) BL[3:0] =010 4 4
1 (16-bit) BL[3:0] = 011 8 8
X BL[3:0] = 111 Full Page or Reserved Full Page or Reserved
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Table 5-14. Burst Length for SROM

. SROM (SDCSCx:WBL = 0b1)
SDCSx:EBW | COMMAND WORD BURST LENGTH (WORDS)

0 (32-bit) BL[1:0] = 01 4
1 (16-bit) BL[1:0] = 10 8

Table 5-15. Read Addresses and Parameters for 32-bit External Devices

READ ADDRESS OFFSET PARAMETERS

WBL = Same as BL
OPM = Normal mode
CAS=3

BAT = Sequential
BL=4

WBL = Single location access
OPM = Normal mode
CAS=3

BAT = Sequential

BL=4

RAS =2

SROM default Read Address CAS=5
0x0001.8400 BAT = Sequential
BL=4

SDRAM default Read Address
0x0000.C800

SFLASH default Read Address
0x0008.C800

Table 5-16. Read Addresses and Parameters for 16-bit External Devices

READ ADDRESS OFFSET PARAMETERS

WBL = Same as BL
OPM = Normal mode
CAS=3

BAT = Sequential
BL=8

WBL = Single location access
OPM = Normal mode
CAS=3

BAT = Sequential

BL=8

RAS =2

SROM default Read Address | CAS =5

0x0000.C400 BAT = Sequential

BL=8

SDRAM default Read Address
0x0000.6600

SFLASH default Read Address
0x0004.6600

5.1.4.9 Configuring the Refresh Timer Register

As with any DRAM, Synchronous DRAM must be refreshed periodically to maintain its
data integrity. The number of SCLKs between Auto Refreshes is determined by the value
in RFSHTMR. This value is dependent upon the required SDRAM refresh rate and the
SCLK frequency.
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5.1.5 Initializing the SDRAM Devices

After a power-on reset, software must first initialize the SDMC, then initialize each device
connected to the SDMC.

Synchronous memory devices must be powered-up and configured as specified by the
device manufacturers. The device initialization sequence varies by manufacturer.
Sequences other than as specified by the manufacturer can cause unpredictable opera-
tion. The initialization sequences in this section are presented as guidelines and examples.

5.1.5.1 Initialization When Debugging

SDRAM accesses attempted before initialization is complete cause an AHB error and the
chip must be reset to recover. This Affects debugging if there is an open window for
SDRAM space when the chip is reset. The debugger attempts to restore contents of the
window after a reset, but before the initialization has completed, and locks up the chip.
When debugging code that runs on the chip prior to SDRAM initialization, close windows
that show SDRAM.

5.1.5.2 General Initialization Sequence

The following is a general initialization sequence, demonstrating typical steps, times,
and effects:

1.  Wait 100 ps to allow the device power and clocks to stabilize.

2.  Program the External Bus Width field (SDCSCx:EBW), for each memory Bank in use,
according to the device width.

3. Program the SDMC Global Configuration register Initialize, MODE Register Select,
and Clock Enable bits to 1 (GBLCNFG:Initialize, GBLCNFG:MRS, and
GBLCNFG:CKE, respectively), to issue continuous NOP commands.

4. Wait 200 pus, as required by the device.
5. Program the device MODE register.

6. Write 10 to the SDMC Refresh Timer register (RFSHTMR), specifying a refresh every
10 HCLK cycles.

7. Wait at least 80 HCLK cycles, to provide 8 refresh cycles to all devices.
8. Program RFSHTMR to specify normal refresh operation.

9. Program each device MODE register. Clear Initialize and set MRS, to select the
MODE Register Update mode, and read each device. The read address specifies the
value written to the MODE register, as described in the device data sheet. This
address depends on the SDCSCx:EBW configuration, as specified in step 2, because
the SDMC address pin mapping to LH7A400 pins differs between 16- and 32-bit wide
memory systems.

10. Program each SDCSCx register according to the corresponding device Mode register
programming. This step initializes the SDMC timing.

11. Program Initialize and MRS to 0 and program other GBLCNFG fields to normal
operating values.
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5.1.5.3 JEDEC General SDRAM Initialization Sequence
The following is a general JEDEC initialization sequence:

Apply power. Apply VDD/VDDQ equally, and ensure the device clock is stable.
Wait at least 200 ps.

Select the device PRECHARGE ALL mode.

Perform eight AUTO REFRESH commands.

Issue a LOAD MODE register command to the SDRAM.

o~ w0~

5.1.5.4 Micron SDRAM Initialization Sequence

A stable clock is defined as a signal cycling within the timing constraints specified by the
SDRAM device manufacturer for that device’s clock pin. When power has been applied
and the clock is stable, SDRAM devices usually require a delay prior to issuing any commands
other than a COMMAND INHIBIT or a NOP. The COMMAND INHIBIT or NOP commands
should be applied to the device throughout this delay.

When the delay has expired, a PRECHARGE ALL command should be issued. All SDRAM
banks must then be precharged, thereby placing the SDRAM device in the ALL BANKS
IDLE state.

Once the SDRAM device is in the IDLE state, 2 AUTO REFRESH cycles must be
performed. When the 2 AUTO REFRESH cycles are completed, the SDRAM device is
ready for MODE REGISTER programming. The SDRAM device’s MODE register powers
up in an unknown state, and should be programmed before any other operational
commands are issued to the SDRAM device.

Although Micron SDRAM devices can be initialized with a JEDEC sequence, Micron
devices also permit a faster initialization sequence:

1.  APPLY POWER (Apply VDD/VDDQ equally, and ensure that the CLK is stable.)

2.  Wait at least 100 ps (Begin and continue applying NOP or COMMAND INHIBITs dur-
ing this delay.)
3. Issue a PRECHARGE ALL command to the SDRAM device.

4. Issue 2 (or more) AUTO REFRESH commands to the SDRAM device. (The order
of the AUTO REFRESH and LOAD MODE REGISTER commands can be reversed
if preferred.)

5. Issue a LOAD MODE REGISTER to the SDRAM.
The SDRAM is ready for operation.
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5.1.6 Self Refresh

When entering Low Power mode (Standby), the SDMC automatically does the following
before the processor is stopped:

* Pre-charge all active banks.

Issue a NOP command.

Drive Clock Enable (CLKES3, CLKE1_2, and CLKEO) LOW.
Issue an AUTO REFRESH command.

Enter SELF REFRESH Mode.

When exiting Standby, the SDMC automatically does the following before the processor
is started:

* Allow clock stabilization.

Drive Clock Enable HIGH.

Issue 10 NOP commands.

Issue an AUTO REFRESH command.
Enter AUTO REFRESH Mode.

5.2 Boot Modes

The LH7A400 can boot from SROM or from SFLASH on Chip Select 3, depending on the
Width1, Width0 and MEDCHG signals (pins R12, P11, and C3, respectively). Table 5-17
shows the boot mode control signals.

Table 5-17. Boot Mode Signal Values

BOOT MODE Width[1:0] | MEDCHG
8-bit ROM 00 0
16-bit ROM 01 0
32-bit ROM 10 0
Invalid: Do not allow this state. 11 0
16-bit SFLASH (Initializes Mode Register) 00 1
16-bit SROM (Initializes Mode Register) 01 1
32-bit SFLASH (Initializes Mode Register) 10 1
32-bit SROM (Initializes Mode Register) 11 1
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To support these boot modes, the SDMC Chip Select 3 register (SDCSC3) and GBLCNFG
have the following values after an LH7A400 reset:

* When booting from SROM, SDCSC3:CasLat[2:0] is reset to 0b100, specifying a CAS
latency of 5.

* When booting from SFLASH, SDCSC3:CasLat[2:0] is reset to 0b010, specifying a CAS
latency of 3.

* When booting from SROM or SFLASH, GBLCNFG:CKE is reset to Ob1, driving all clock
enable signals (CLKEO, CLKE12, and CLKES) continuously HIGH.

When booting from SROM, a short configuration sequence occurs before the ARM922T
processor is released from RESET. This sequence ensures a known configuration, regard-
less of the device attached, to accommodate differences in SROM default Burst Lengths.
This configuration is:

* SDCSC3:RasToCas[1:0] = 0b10, specifying a RAS latency of 2.

* SDCSC3:CaslLat[2:0] = 0b100, specifying a CAS latency of 5.

* SDCSC3:EBW = 0, specifying a 32-bit External Bus Width and Burst Length = 4.

The following automatic sequence occurs on booting from SFLASH:

» SDCSCB3:WBL is set, specifying a single word write burst length. SFLASH devices can-
not be written in bursts.

* SDCSC3:CaslLat[2:0] = 0b010, specifying a CAS latency of 3.
* SDCSCS3:EBW = 0, specifying a 32-bit External Bus Width and Burst Length = 4.

This power-up sequence occurs after a power-on reset:

1. Power is applied to the circuit, with the input signals CKE and DQM pulled HIGH to
rise with the supply VDD and VDDQ.

2. After power-up, the processor is held in the reset state while the clock runs. A NOP
command is put on the Command pins (SA[13:0]) for 200 us by programming
GBLCNFG:Initialize and GBLCNFG:MRS to 1 and programming GBLCNFG:LCR to
0, while the SROM device is clocked.

3. The default configuration is written to the device MODE register, by programming
GBLCNFG:Initialize and GBLCNFG:LCR to 0, programming GBLCNFG:MRS to 1,
and reading the appropriate address.

4. Three clock cycles after the MODE register configuration cycle, the device is ready for
power-up. All data outputs are in a high impedance state. The processor is released
from the reset state.

5.2.1 Synchronous Memory Boot Interrupt Behavior

Following a Synchronous Memory boot, the MEDCHG interrupt will be set and pending.
Therefore, prior to enabling interrupts, the MEDCHG interrupt should be cleared in the end
of interrupt register (EOI:MCEOI). See Chapter 8 for details on this register.
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5.3 Register Reference

This section describes the SDRAM Controller registers.

5.3.1 Memory Map

The register offsets shown in Table 5-18 are relative to the SDMC base address,

0x8000.2400.
Table 5-18. SDRAM Controller Memory Map
ADDRESS
OFFSET NAME DESCRIPTION
0x00 i/ Reserved. Do not access this location.

Global Configuration. Controls SDMC operation and reports
SDMC status.

Refresh Timer. Specifies the time period between synchronous
memory refresh commands.

0x0C BOOTSTAT | Boot Status. Reports the boot configuration pin states.

0x10 SDCSCO

Ox14 spcsc1 | Synchronous Domain Chip Select Configuration. Each register
(SDCSC[3:0]) configures the SDMC for the specific memory device at

O0x18 SDCSC2_ | the corresponding chip select (nSCS[3:0]).

0x1C SDCSC3

0x04 GBLCNFG

0x08 RFSHTMR

5.3.2 Register Descriptions

5.3.2.1 Synchronous Domain Chip Select Configuration
Registers (SDCSC)

The Synchronous Domain Chip Select Configuration registers (SDCSCJ[3:0]), described in
Table 5-19 and Table 5-20, configure the SDMC for the characteristics of the external synchro-
nous memory devices connected to the Synchronous Chip Select signals (hSCS[3:0]). Each
signal corresponds to a memory Bank. Each Bank can be configured with different device
characteristics. The configuration must correspond to the device mode register programming.

Although this chapter describes the memory addressed by each SCS signal as a separate
memory Bank, avoid confusing these Banks with the banks of memory internal to Synchronous
devices. Each device can contain multiple banks, as specified by the device manufacturer.

In each SDCSC register, only one of the SROM512, SROMLL, and 2KPAGE fields can be
set at any one time. For correct SDMC operation, at least two of these fields must be
cleared. The SROM512 and 2KPAGE paging methods operate in multiples of 32-bit data
width regardless of the external bus width. The RAS latency has one additional clock cycle
over the programmed value when performing a write operation.

Changes to the SDCSCx registers take effect only when the SDMC is idle. Disable inter-
rupts and DMA operations before changing these registers.
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Table 5-19. SDCSC[3:0] Registers

BIT 31 [ 30 | 29 | 28 [ 27 | 26 [ 25 |24 [ 23 [ 22 |21 [ 20 [ 19 | 18] 17 | 16
5 "
2 S . S
FIELD i 8 i ° @ @
o [%)] ; ©
o & ©
]
<
RESET | 0 0 0 0 0 0 0 1 0 0 1 0 0 * * 0
TYPE | RO | RO | RO | RO | RO | RO | RO |RW | RW | RW | RW | RW | RW | RW | RW | RW
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
~ | =
& g Y % =
FIELD " =539 | & m
¥ o T [= L
Y %) » S
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO | RO | RO |RW | RW | RW | RW | RW | RO | RO
0x8000.2410 for SDCSCO
0x8000.2414 for SDCSCH
ADDR 0x8000.2418 for SDCSC2
0x8000.241C for SDCSC3
NOTE: *SDCSCx:CaslLat[2:0] reset to 0b010. When the LH7A400 boots from SROM,
SDCSC83:CaslLat[2:0] resets to 0b100.
Table 5-20. SDCSCJ3:0] Fields
BIT FIELD DESCRIPTION
31:25 i Reserved Reading returns 0. Values written cannot be read.
AutoPrecharge Specifies the Auto-Precharge (AP) value.
24 | AutoPrecharge | 1 = Enable auto pre-charge.
0 = Disable auto pre-charge.
23:22 " Reserved Reading returns 0. Values written cannot be read.
Row Address Strobe To Column Address Strobe Selects the syn-
chronous memory RAS-to-CAS latency.
00 = Reserved; do not program this value.
01 = Reserved; do not program this value.
21:20 RasToCas |10 = RAS latency is 2.
11 = RAS latency is 3.
The RAS latencies shown are for read operations. For write operations,
RAS latency has one additional clock cycle. This field value resets to 10,
to support booting from SROM.
Write Burst Length Selects the write burst length.
1 = Writes are single location only, and write bursting is disabled.
0 = Write burst length is the same as the read burst length. The read
19 WBL burst length is specified by the EBW bit of this register.
With WBL set to 1 for a device, the SDMC recognizes the device as
SFLASH or SROM and issues no auto-refresh command for the
corresponding Chip Select.
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Table 5-20. SDCSCI[3:0] Fields (Cont’d)

BIT FIELD DESCRIPTION
Column Address Strobe Latency Selects the CAS latency.

000 = Reserved; do not program this value.
001 = CAS latency is 2
010 = CAS latency is 3
18:16 Caslat 011 = CAS latency is 4
100 = CAS latency is 5
101 = CAS latency is 6
110 = CAS latency is 7
111 = CAS latency is 8

157 " Reserved Reading returns 0. Values written cannot be read.
2K PAGE Depth
6 SKPAGE 1 = Synchronous memory page depth is 2K. The SROMLL and

SROMS512 bits in this register must be programmed to 0.
0 = Synchronous memory page depth is not 2K.

SROM Lookalike

1 = Swap the multiplexed bank address SBO and SB1 signals with the
synchronous address signals A12 (pin G16) and A13 (pin G14),

5 SROMLL respectively. In this configuration, the synchronous flash can mimic
a SROM device. The EBW bit must specify the data width. The
2KPAGE and SROM512 bits must be programmed to 0.

0 = Normal operation (no swapping). This bit must be programmedto 0
before writing to SyncFlash.

SROM Page Depth 512 The SROM maximum burst size is 512 bytes.
This field selects the synchronous memory page.

4 SROM512 1 = Synchronous memory page depth is 512. The 2KPAGE and
SROMLL bits in this register must be programmed to 0.
0 = Synchronous memory page depth is not 512.

Bank Count Selects the number of banks within the external memory
connected to the corresponding Chip Select.

1 = Four bank devices.
0 = Two bank devices.

Although this chapter describes the memory addressed by each

3 BankCount | SDRAM Controller Chip Select signal (nSCS[3:0]) as a separate mem-
ory bank, avoid confusing these banks with the banks of memory inter-
nal to synchronous devices. The nSCSx signals address separate
memory banks. The SB[1:0] signals provide the bank address of the de-
vice row-column-bank addressing scheme within each nSCSx address
space. The BankCount field specifies how many banks are available to
be addressed by SB[1:0].

External Bus Width Selects the external memory system width.

) EBW 1 = Memory device bus widths are 16 bits. The read burst length is 8.
The page burst depth is 512 bytes.
0 = Memory device bus widths are 32 bits. The read burst length is 4.

1:0 " Reserved Reading returns 0. Values written cannot be read.
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5.3.2.2 SDRAM Gilobal Configuration Register (GBLCNFG)

The Global Memory Configuration register, described in Table 5-21 and Table 5-22,
contains additional control and status bits for use during configuration. The Initialize, MRS,
and LCR fields provide synchronous memory commands unavailable during normal read
and write cycles, as shown in Table 5-23.

Table 5-21. GBLCNFG Register

BIT 31 [ 30 | 29 | 28 [ 27 |26 [ 25 |24 | 23 [ 22 | 21 [ 20|19 | 18] 17 | 16
o
FELD | ¥ | @ "
© 106
§ <
=0
2%
= L
RESET § ‘g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
£3
55
o
TYPE | RW | RW | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO
BIT 15 | 14 | 13 [ 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
g o
o ae] 1) N
FIELD " @) = " i ©
| L S =
= =
)]
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO | RO | RO |RW | Ro | RO | RO | RO | RW | RW
ADDR 0x8000.2404
Table 5-22. GBLCNFG Fields
BIT FIELD DESCRIPTION
Clock Enable Controls the synchronous memory clock enables.
31 CKE 1 = Drive all clock enables HIGH.
0 = Set all idle device clock enables LOW, saving power.
Clock Shutdown Controls the synchronous memory clock shutdowns.
1 = CLK is free-running when the SDMC controls the EBI (the clock stops
30 CKSD when the SMC controls the EBI).
0 = CLK is gated dynamically when no accesses occur to any device.
Before programming CKSD to 1, program the CKE bit to 0.
29:7 " Reserved Reading returns 0. Values written cannot be read.
Load Command Register
1 = Output subsequent read instruction addresses on lines A[23:10] as the
SFLASH LOAD Command Word on SA[13:0]. The four most signifi-
6 LCR . . ;
cant address bits determine the corresponding memory Bank.
0 = Normal operation.
Table 5-23 shows the action of the LCR, MRS, and Initialize bits.
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Table 5-22. GBLCNFG Fields (Cont’d)

BIT FIELD DESCRIPTION
Synchronous Memory Busy State
5 | SMEMBust |1 = Synchronous Memory Engine busy
0 = Synchronous Memory Engine idle
4:2 I Reserved Reading returns 0. Values written cannot be read.
MODE Register in Synchronous device
1 = Next READ instruction output as the MODE Command Word on
SA[13:0]. The four most significant address bits determine the
1 MRS .
corresponding memory bank.
0 = Normal operation.
Table 5-23 shows the action of the LCR, MRS, and Initialize bits.
Initialize
1 = Issue a NOP or PRECHARGE ALL command to the Synchronous
. device. The four most significant address bits determine the corre-
0 Initialize .
sponding memory bank.
0 = Do not issue a NOP or PRECHARGE ALL command.
Table 5-23 shows the action of the LCR, MRS, and Initialize bits.

Table 5-23. Synchronous Memory Command Encoding

INITIALIZE | MRS | LCR EFFECT

0 0 0 | Normal operation

0 0 1 | Reserved; do not program this value.

0 1 0 | Enable access to Synchronous device MODE register

0 1 1 | Enable access to SFLASH Memory device’s LOAD COMMAND registers
Issue PRECHARGE ALL to Synchronous memory. Only

1 0 0 |the first PRECHARGE ALL command is issued. No subsequent
PRECHARGE ALL commands are output.

1 0 1 | Reserved; do not program this value.

1 1 0 |Issue NOP to Synchronous memory

1 1 1 | Reserved; do not program this value.
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5.3.2.3 Refresh Timer Register (RFSHTMR)

The refresh timer register, described in Table 5-24 and Table 5-25, specifies the period
between refresh cycles in multiples of the bus clock period (HCLK). For example, for a
16 ps refresh period based on a 20 ns clock period, program the register to 800 (0x320).

Reset sets the refresh counter to 128 (0x10000000). During initialization, set this register
to the correct value for the memory system. Programming to O stops the refresh cycles.

Table 5-24. RFSHTMR Register

BIT 31‘30|29‘28‘27‘26‘25|24‘23‘22|21‘20‘19‘18‘17|16
FIELD "
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO|RO|RO|RO|RO|RO|RO|RO]|RO|RO]/|RO
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
FIELD REFCNT
RESET | 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
ADDR 0x8000.2408
Table 5-25. RFSHTMR Fields

BIT FIELD DESCRIPTION
31:16 I Reserved Reading returns 0. Values written cannot be read.

Refresh Count Controls the refresh counter.
15:0 | REFCNT | Nonzero = The period between refresh cycles in multiples of HCLK.

0 = Stop the refresh counter.
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5.3.2.4 Boot Status Register (BOOTSTAT)
The boot status register, described in Table 5-26 and Table 5-27, reports the boot mode
option pin states, indicating the device configuration after booting. The field values indicate
the levels latched at reset for the corresponding pins.

The Width[1:0] field reports the latched value of the Width1 and WidthO signals (pins P11
and P12, respectively). Booting from asynchronous ROM maps the static (asynchronous)
memory Bank 0 (nCS0) to address 0x0000.0000. Booting from synchronous ROM maps
the Synchronous memory Bank 3 (nSCS3) to address 0x0000.0000. The boot mapping,
shown in Figure 5-3, persists until a reset.

Table 5-26. BOOTSTAT Register

BIT 31 [ 30 | 29 | 28 [ 27 | 26 [ 25 | 24 | 23 [ 22 |21 [ 20 [ 19 | 18] 17 | 16
FIELD "
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO|RO|RO|RO]| RO
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
lz|g
FIELD " 2| 5| %
2 2| =2
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RO | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO]|RO]|RO
ADDR 0x8000.240C
Table 5-27. BOOTSTAT Fields
BIT | FIELD DESCRIPTION
31:3 " Reserved Reading returns 0. Values written cannot be read.
Media Change This bit reports the latched value of the MEDCHG signal
(pin C3). MEDCHG controls the boot source.
2 | MEDCHG
1 = Synchronous ROM.
1 = Asynchronous ROM.
Boot Memory Width For static (asynchronous) external memory on nCS0,
Width[1:0] indicate the memory width:
00 = 8-bit
01 = 16-bit
10 = 32-bit
11 = 32-bit
1:0 | Width[1:0] | For Synchronous external memory on nSCS3, Width[1:0] indicate the
memory width:
00 = 16 bit SFLASH, with WBL=1, CAS=3, and BL=8.
01 = 16 bit SROM, with RAS=2, CAS=5, BL=8.
10 = 32 bit SFLASH, with WBL=1, CAS=3, BL=4.
11 = 32 bit SROM, with RAS=2, CAS=5, BL=4.
The 8-bit width is unavailable for SROM.
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F000.0000
E000.0000
D000.0000
C000.0000
B001.4000
B000.0000
8000.3800
8000.2000
8000.0000
7000.0000
6000.0000
5000.0000
4000.0000
3000.0000
2000.0000
1000.0000
0000.0000

ASYNCHRONOUS MEMORY (nCS0)

SYNCHRONOUS MEMORY (nSCS3)

SYNCHRONOUS MEMORY (nSCS2)

SYNCHRONOUS MEMORY (nSCS2)

SYNCHRONOUS MEMORY (nSCS1)

SYNCHRONOUS MEMORY (nSCS1)

SYNCHRONOUS MEMORY (nSCSO0)

SYNCHRONOUS MEMORY (nSCSO0)

RESERVED

RESERVED

EMBEDDED SRAM

EMBEDDED SRAM

RESERVED

RESERVED

AHB INTERNAL REGISTERS

AHB INTERNAL REGISTERS

APB INTERNAL REGISTERS

APB INTERNAL REGISTERS

ASYNCHRONOUS MEMORY (CS7)

ASYNCHRONOUS MEMORY (CS7)

ASYNCHRONOUS MEMORY (CS6)

ASYNCHRONOUS MEMORY (CS6)

PCMCIA/CompactFlash (nPCSLOTE2)

PCMCIA/CompactFlash (nPCSLOTE2)

PCMCIA/CompactFlash (hnPCSLOTE1)

PCMCIA/CompactFlash (hnPCSLOTE1)

ASYNCHRONOUS MEMORY (nCS3)

ASYNCHRONOUS MEMORY (nCS3)

ASYNCHRONOUS MEMORY (nCS2)

ASYNCHRONOUS MEMORY (nCS2)

ASYNCHRONOUS MEMORY (nCS1)

ASYNCHRONOUS MEMORY (nCS1)

SYNCHRONOUS ROM (nSCS3)

ASYNCHRONOUS ROM (nCS0)

SYNCHRONOUS MEMORY BOOT

ASYNCHRONOUS MEMORY BOOT

256MB
256MB
256MB
256MB
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Figure 5-3. Memory Mapping for nSCS3 and nCS0 Boot Sources

5-32

Ver. 1.3 — 27 August 2007

NXP Semiconductors




Chapter 6

Clock and State Controller

(CSC)

6.1 Theory of Operation

The Clock and State Controller (CSC) performs clock generation, clock frequency division,
clock gating, and processor state and power mode control. The power mode and clock gat-
ing depend on the selected operational state.

6.1.1 Clock Domains

Two primary oscillator inputs provide the timebases for all clock domains:

» 32.768 kHz to control the power-down operations and real time clock (RTC).

* 14.7456 MHz to generate the main system clocks.

These two primary timebases are divided and gated to produce all other required clocks
for the CPU and onboard peripherals, as well as and output clock (PGMCLK), as shown

in Figure 6-1.

EXTERNAL TO | INTERNAL TO
THE LH7A400 : THE LH7A400

PGMCLK (J6) ~

I
I RIPPLE -
|| 32768 kHz Ry RTC
I
I PRIMARY
I 114.7456 MHz = CLOCK
: TO PERIPHERALS
| —— FCLK
: CLOCK L w HCLK_CPU
PLL1 DIVISION and
: GATING [ HCLK
| =~ PCLK
: PLL2 = 48.0 MHz TO USB
I
I
I _ | PROGRAMMABLE
I DIVIDER
I
I
I

NOTE: O Circled numbers are LH7A400 pin numbers.

LH7A400-64

Figure 6-1. Clock Generation
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6.1.1.1 32.768 kHz Clock

The 32.768 kHz clock is the only permanently running clock in the LH7A400. In addition to
providing the timebase for the RTC, it is used to condition the wakeup signals and control
transition between power saving states. The 32.768 kHz-derived clocks also control inter-
locks to allow the two PLLs to obtain lock before their system clock is supplied.

The 32.768 kHz division uses a ripple divider to conserve power. This two-stage divider
produces the 1 Hz signal for the RTC as well as intermediate frequencies of 16 kHz and
8 kHz for the state controller and PLL interlocks (frequencies other than the primary oscil-
lator frequency have been rounded for easier discussion in this chapter). A 64 Hz divided
signal provides the TICK interrupt used by wakeup control.

6.1.1.2 14.7456 MHz Clock

The 14.7456 MHz clock provides the timebase for all other LH7A400 peripherals and func-
tions. As shown in Figure 6-2, PLL1 generates an internal clock signal called GCLK, which
is the same frequency as FCLK. The clock controller divides GCLK as specified in the
CLKSET register, to generate:

e The Synchronous Bus Mode core clocking (FCLK)
* The FASTBUS Mode core clocking (HCLK_CPU)
* APB and peripheral clocking (PCLK)

* AHB and peripheral clocking (HCLK). When optionally gated for low power operation,
HCLK is the main clock for:
— All memory interfaces, including the SDRAM used in the system
— Bus arbitration
— All advanced high-performance bus (AHB) peripherals.

These clock signals are all generated as shown in Figure 6-2. Divisor values for Main
Divider 1, Main Divider 2, HCLKDIV, PCLKDIV, and the PS exponent are specified by soft-
ware in the Clock Set register (CLKSET).

PLL1 MUST BE 200 MHz MAX.
BETWEEN ’—-— FCLK
80 and 400 MHz
14.7456 MHz fIN|_IDIVIDEBY| | 60 DIVIDE [ |GCLK @

PREDIV+2 BY 2PS HCLK_CPU

HCLK
500 kHz

AN PCLKDIV = PCLK
32.768 kHz MAIN DIVIDER 1: MAIN DIVIDER 2: RTC
RTCOSC | | |DIVIDE BY MAINDIV1+2 | DIVIDE BY MAINDIV2+2 = 32.768 kHz

LH7A400-31

Figure 6-2. Clock Signal Derivation
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The equation governing the PLL1 output (GCLK), using the CLKSET register MAINDIV1,
MAINDIV2, PREDIV, and PS fields is:

GCLK = (MAINDIVI + 2) x (MAINDIV2 + 2) x 14.7456 MHz
(PREDIV + 2) x (2PS)

Software must specify the CLKSET field values such that the feedback frequency to the
PLL1 voltage controlled oscillator (VCO) is greater than 500 kHz and the VCO output fre-
quency is within the range of 80 MHz to 400 MHz.

The system clocks generated from GCLK are:
* FCLK, which is the same as GCLK, with a maximum frequency of 200 MHz.

e HCLK, generated from FCLK using CLKSET:HCLKDIV
(maximum HCLK = 100 MHz), is:

FCLK
HCLKDIV + 1

HCLK =
* PCLK, generated from HCLK using CLKSET:PCLKDIV is:

HCLK

PCLK = ——="_
PCLKDIV

The HCLK frequency must be less than or equal to FCLK. Table 6-1 defines the universe
of permissible PCLKDIV divide options and FCKL and HCLK frequencies.

Table 6-1. FCLK and HCLK Allowable Frequencies (in MHz)

CLKSET:PCLKDIV
FCLK HCLK PERMISSIBLE VALUES
33 33 2or4
50 50 2o0r4
33 2or4
66
66 2or4
75 75 2or4
50 2or4
100
100 2o0r8
33 2or4
132
66 2or4
150 75 2or4
166 83 2or4
50 2or4
200 66 2or4
100 2o0r8
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6.1.1.2.1 Peripheral Clocks

Table 6-2 shows the derived clocks for each peripherals and the necessary divisor. Each
of these clocks is synchronized to HCLK.

Table 6-2. Peripheral Primary Clock Inputs

PERIPHERAL PRIMARY CLOCK INPUT | 14.7456 MHz DIVISOR

SSI 7.3728 MHz 2
BMI 7.3728 MHz 2
UART1 7.3728 MHz 2
UART2 7.3728 MHz 2
UART3 7.3728 MHz 2
DC-DC Converter 2.9491 MHz 5
CODEC 128.2226 kHz 115
AC97 2.9491 MHz 5
Timer1/Timer2 508.4690 kHz and 1.9940 kHz 29 and 7395
Timer3 3.6864 MHz 4
USB 48 MHz Output of PLL2
MMC Derived from HCLK
SCI Derived from HCLK

6.1.1.3 Reset

After a power-on reset, the 32.768 kHz clock is the only valid clock and both PLLs are
disabled. On entering the Run state, PLL1 is enabled and the CLKSET register is reset to
generate 33 MHz on both FCLK and HCLK. See the State Controller section in this chapter
for more information about operating state transitions.

Coming out of reset, the LH7A400 core executes in FASTBUS mode. In this mode, it only
uses HCLK_CPU and ignores FCLK. This mode provides fastest code execution when the
AHB clock and the core clock have the same frequency, that is, when CLKSET:HCLKDIV
value is zero, indicating divide by 1. If CLKSET:HCLKDIV is programmed to be anything
other than zero, the core uses FCLK for internal operations and HCLK_CPU for AHB
accesses. The LH7A400 core must be switched to Synchronous mode in order to do this.
See the Register section for a description of CLKSET:HCLKDIV operation. Reset timing
diagrams appear in the LH7A400 Data Sheet.

6.1.1.4 TICK and TICK Timeout Interrupt Generation

The CSC also provides the functionality to generate the 64 Hz TICK Interrupt (TINTR). This
interrupt is asserted on every rising edge of the internal 64 Hz clock signal. This 64 Hz
clock is derived from the ripple counter that divides the 32.768 kHz oscillator input down
to 1 Hz for the real time clock. This interrupt is cleared by writing to the TEOI register.

An extension of the TICK Interrupt is the TICK Timeout Interrupt (TTINT). If the TICK Inter-
rupt is not serviced during the 15.625 ms period of the 64 Hz TICK clock, the TTINT will be
asserted on the next 64 Hz rising edge following the TICK interrupt that was not serviced.
TTINT is cleared by writing to the TEOI register.
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6.1.2 State Controller

The LH7A400 has three operating states: Run, Halt, and Standby. These are used to reduce
power consumption. In Halt, some clocks and peripherals are disabled, reducing power from
the Run state. In Standby, only the 32.768 kHz clock and state controller are operational,

resulting in the minimum power consumption possible. The operational states and state tran-
sitions are shown in Figure 6-3. In the figure ‘Cold Boot Status’ is a short-term Standby state.

nPOR=1 | Cold Boot
Status

Wakeup (nPWRFL = 1 and nURESET = 1) and
(BATTOK must be = 1 or nEXTPWR must be = 0)

Apply

Power

Wakeup or Interrupt (if enabled)
or return from CLKSET
(nPWRFL = 1 and nURESET = 1)
and (BATTOK must be = 1)
or NEXTPWR must be = 0)

Read HALT register

Any Enabled
Interrupt

Read STANDBY register,
or write to CLKSET register

Interrupt if BATTOK = 0
(only if NEXTPWR = 1)

nURESET = 0 or nPWRFL = 0,
SDRAM and RTC registers
maintained. All other

/ registers reset

STANDBY

LH7A400-55

Figure 6-3. State Transition Diagram
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6.1.2.1 Run State

In Run state, both oscillator inputs and all clocks are hardware enabled. Software can
specify the other active and inactive clocks.

The Run state can be entered from Standby or Halt.

6.1.2.1.1 Standby to Run Transition
The Run state can be entered from Standby through any one of three ways.

* From Standby, Run is entered in response to a rising edge on WAKEUP (pin D4).
Because power-on reset disables interrupts, this signal is the only way to enter Run
from Standby after power-on reset. This condition is the ‘Cold Boot Status’ in Figure 6-3.
— Note that from the rising edge of nPOR, there is a delay of 1-2 seconds before the

WAKEUP pin can be asserted. This is to allow sampling the BATOK and nEXTPWR
signals. The processor will start executing boot code about 16 msec later. If WAKEUP
is asserted (once) before 1-2 seconds, the processor will not wakeup. Pulsing the
WAKEUP continuously is acceptable (wakeup edges before 1-2 seconds will just be
ignored and the processor will respond to the first wakeup edge it senses after 1-2 sec.).
More detailed information is available on the NXP website (http://www.nxp.com)
entitled ‘Implementing Auto-Wakeup on LH7A4xx Series Devices'.

* From Standby, Run is entered following an exit from a clock set register (CLKSET) write.
Writing CLKSET reconfigures PLL1. The LH7A400 automatically enters Standby, pro-
viding a delay time for the PLL1 to lock, and returns to Run.

* From Standby, with interrupts enabled, Run is entered in response to an interrupt (IRQ)
or fast interrupt (FIQ) falling edge (interrupts are active LOW). This takes approximately
10-15 ms. The TICK interrupt will not cause Standby to exit.

6.1.2.1.2 Halt to Run Transition
The Run state can be entered from Halt:

* From Halt, with interrupts enabled, Run is entered in response to an interrupt (IRQ) or
fast interrupt (FIQ) falling edge (interrupts are active LOW). The TICK interrupt will not
cause Halt to exit.

* If the interrupt is generated in response to BATOK = 0 (low battery condition), run is
entered only if NEXTPWR = 1 (i.e. battery only power). In this instance, BATOK must be
stable for at least 61 us to generate an interrupt.

6.1.2.2 Halt State

The Halt state is designed to reduce system power consumption while the LH7A400 waits
for an event such as keyboard input. Although the 14.7456 MHz oscillator input is enabled,
the processor clock is halted; software can specify the other active and inactive clocks.
The LCD screen image is maintained. Power consumption is reduced from the Run state,
but since the 14.7456 MHz oscillator continues to run, Halt consumes more power than
when in the Standby state.

6.1.2.2.1 Run to Halt Transition

While in the Run state, reading the HALT register puts the LH7A400 in Halt state. This is
the only method to enter the Halt state.
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6.1.2.3 Standby State

Standby is the lowest power state. Only the 32.768 kHz oscillator is enabled and the RTC
and state controller are the only active functional blocks. The 14.7456 MHz oscillator input
is disabled and all associated clocks are halted, and the LCD controller is disabled. When
Standby transition is initiated, the CLKEN signal (pin 14) goes LOW and can be used to
disable an external 14.7456 oscillator circuit.

The LH7A400 enters the Standby state from the Run state, a reset, or at power on. The
SDRAM Controller automatically places the SDRAM in self refresh before the clocks are
disabled in Standby, allowing their contents to be maintained.

6.1.2.3.1 Run to Standby Transition

Four conditions transition the LH7A400 from Run to Standby. Two of these are under soft-
ware control, and two are independent of the LH7A400 software.

* From the Run state, a read of the STBY register allows software to program a transition
to the Standby state. Because of ARM922T pipelining, five NOP instructions must follow
this read.

* When in Run and the CLKSET register is written (new divisors set for the system clocks),
the LH7A400 enters Standby while the PLL stabilizes, then automatically returns to Run.

* From Run state, a valid LOW on nPWRFL (pin E4) changes to the Standby state. After
this transition, the state controller will hold the Standby state for one to two 16.384 kHz
clocks (61 to 122 us) before allowing any further state transitions, thus defining a mini-
mum Standby period (allowing clocks to stabilize). The external power (hNEXTPWR, pin
C2) and battery supply (BATOK, pin D1) signals can block any subsequent transition
from Standby to Run, as shown in Table 6-3. The signal sampling is delayed by one or
two seconds, to avoid any false good indication caused by alkaline battery recovery
(voltage bounce) after a battery low power-off. Note that Standby is entered immediately
following the current bus cycle without software cooperation.

* From Run state, a valid LOW level on nURESET (pin H6) changes to the Standby state.
After this transition, the state controller will hold the Standby state for one to two
16.384 kHz clocks (61 to 122 us) before allowing any further state transitions, thus
defining a minimum Standby period (allowing clocks to stabilize).

From Standby, the system can enter only the Run state. After transitioning to the Run
state, software can read the PWRSR register to identify the reset nature and source.

Table 6-3. Effect of NEXTPWR and BATOK on Standby to Run Transition

nEXTPWR | BATOK EFFECT
0 0

Using external power supply. Transition is possible.

0 1
1 0 Using battery. Battery is not OK. No transition is possible.
1 1 Using battery. Battery is OK. Transition is possible.

NXP Semiconductors Ver. 1.3 — 27 August 2007 6-7



Clock and State Controller (CSC)

LH7A400 User’s Guide

6.1.2.3.2 Halt to Standby Transition

Standby can also be entered from the Halt state. In the same way as Run to Standby tran-
sitions without software intervention, the same two hardware conditions cause a transition
from Halt to Standby.

* From Halt state, a valid LOW on nPWRFL (pin E4) changes to the Standby state. After
this transition, the state controller will hold the Standby state for one to two 16.384 kHz
clocks (61 to 122 us) before allowing any further state transitions, thus defining a mini-
mum Standby period (allowing clocks to stabilize). The external power (nEXTPWR,
pin C2) and battery supply (BATOK, pin D1) signals can block any subsequent transition
from Standby to Run, as shown in Table 6-3.

* From Halt state, a valid LOW level on nURESET (pin H6) changes to the Standby state.
After this transition, the state controller will hold the Standby state for one to two
16.384 kHz clocks (61 to 122 us) before allowing any further state transitions,
thus defining a minimum Standby period (allowing clocks to stabilize).

6.2 Register Reference

This section describes the CSC registers.

6.2.1 Memory Map

The CSC registers offsets shown in Table 6-4 are relative to the state and power control
base address (STPWRBase), 0x8000.0400.

Table 6-4. Clock and State Controller Memory Map

ADDRESS

OFFSET NAME DESCRIPTION

0x00 PWRSR | Read to identify the current operational state.

0x04 PWRCNT | Write to specify or read to identify the clock and debug control status.

0x08 HALT Read to enter Halt.

0x0C STBY Read to enter Standby.

0x10 BLEOI Write to cleare} Lovy Battery interrupt (BLINT). See the Interrupt Con-
troller chapter in this book.

Ox14 MCEOI Write to clear a Me.d|a Qhanged interrupt (MCINT). See the Interrupt
Controller chapter in this book.

0x18 TEOI Write to plea_r a TICK Interrupt (TINTR). See the Interrupt Controller
chapter in this book.
Write to clear a New Battery (NBFLG), User Reset (RSTFLG), Power

0x1C STFCLR |Fail (PFFLG) and Cold Start (CLDFLG) flags. These flags can be
read in the PWRSR register.

0x20 CLKSET | Write to specify or read to identify the clock speed.

0x40 SCRREGO |Use for general purpose storage.

0x44 SCRREG1 |Use for general purpose storage.

0x48 " Reserved. Reading returns unpredictable values. Do not write.

0x4C USBRESET | Write to reset the USB, APB, and I/O controls.
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6.2.2 Register Descriptions
The following sections describe the contents and use of the register bit fields.

6.2.2.1 Power Reset Register (PWRSR)

From a reset or power-on, the LH7A400 enters the Standby state and can transition to the
Run state on events as described in the State Controller section of this Chapter. In the Run
state, read PWRSR to identify the cause of reset and related conditions.

This register is defined in Table 6-5 and Table 6-6.

Table 6-5. PWRSR Register

BIT 31 [ 30 | 20 | 28 [ 27 [ 26 [ 25 |24 [ 23|22 |21 [ 2019 | 18] 17 ] 16
FIELD CHIPMAN CHIPID
RESET | 0 1 0 1 0 0 1 1 * * * * . * * *
TYPE | RO | RO | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
C|lo | o 0] =
' (O] (O] z ost o
FlELDL.‘:EEEEgg%éS RTCDIV
S |98 |3 | |@|z|3|3|a]|=
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO
ADDR 0X8000.0400
Table 6-6. PWRSR Bit Fields
BITS FIELD DESCRIPTION
31:24 | CHIPMAN | Chip Manufacturer ID This field contains the ID code for NXP: 0x53.
Chip Identification This field contains the chip revision number. This
field changes for each revision.
23:16 CHIPID Revision A.0 = 0x00
Revision B.0 = 0x01
Revision B.2 = 0x02
Revision B.3 = 0x03
Watchdog Flag If the MCU is reset by an expiration of the WDT, this bit is
set to allow software to determine the cause of the reset.
15 WDTFLG
1 = MCU has been reset by the WDT. Clear this bit by writing STFCLR.
0 = The WDT has not reset the MCU
PLL2 Lock Status
14 LCKFLG |1 = PLL2is locked and software enabled. The software enable signal is a
logical OR of all peripheral enable signals.
0 = PLL2 is unlocked.
Cold Start Status Flag
13 CLDFLG |1 = power-on reset has occurred. Clear this bit by writing STFCLR.
0 = No power-on reset has occurred since this bit was last cleared.

NXP Semiconductors
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Table 6-6. PWRSR Bit Fields (Cont’d)

BITS FIELD DESCRIPTION
Power Fail Status Flag

12 PFFLG 1= A LOW on nPWRFL has caused a power-fail reset. Clear this bit by
writing STFCLR.
0 = No power-fail reset has occurred since this bit was last cleared.

User Reset Status Flag

11 RSTFLG |1=ALOW onnURESET has caused a user reset. Clear this bit by
writing STFCLR.
0 = No user reset has occurred since this bit was last cleared.

New Battery Status Flag

10 NBFLG 1 = Arising edge on nBATCHG indicates a new battery has been
connected. Clear this bit by writing STFCLR.
0 = No battery change signal has occurred since this bit was last cleared.

Wake Up On
9 WUON 1 = Arising edge on Wakeup has brought the system out of Standby. Clear

this bit with a system reset or by writing HALT, STDBY, or STFCLR.
0 = The system has not entered Standby since this bit was last cleared.

8 WUDR Wakeup Direct This value is the non-latched state of the Wakeup signal.

Direct Current Detect

7 DCDET 1 = External power is powering the system. DCDET is the inverted
nEXTPWR signal value.
0 = The system is being powered by a battery.

Media Change Direct Read Non-latched value of the media changed
(MEDCHG) signal.

Real Time Clock Divisor This value is the number of 64 Hz ticks that have
elapsed since the last Real Time Clock Data Register (RTCDR) counter in-
crement. Each bit of RTCDIV is a frequency output:

* Bit 5 is the 2 Hz output.

* Bit 4 is the 4 Hz output.

* Bit 3 is the 8 Hz output.

* Bit 2 is the 16 Hz output.

* Bit 1 is the 32 Hz output.

* Bit 0 is the 64 Hz output.

For a 38-bit counter, synchronize RTCDIV with RTCDR.

6 MCDR

5:0 | RTCDIV[5:0]
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6.2.2.2 Power Control Register (PWRCNT)

The CSC generates and gates peripheral clocks based on the external 14.7456 MHz oscil-
lator input. Write the power control register to enable the clocks used by the DMA controller
and set the programmable clock divider for the PGMCLK (pin J6) output.

The DMACLKEN field enables and disables the DMA clock (HCKL) for DMA to/from the
AC97 Controller, MMC Controller, and USB Device. Writing all zeros to this field disables
the clock; writing any other value enables the clock. Several clock cycles must transpire
between enabling the clock and when the DMA Controller is operational. The number of
cycles needed depends on the HCLK and PCLK divisor specified in CLKSET. To save
power, ensure all bits in this field are 0 when DMA is not in use.

This register is defined in Table 6-7 and Table 6-8.

Table 6-7. PWRCNT Register

BIT 31 [ 30 [ 29 [ 28 [ 27 | 26 | 25 [ 24 [ 23 [ 22 [ 21 [ 20 [ 19 [ 18 [ 17 | 16
FIELD " DMACLKEN
RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE RO | RO | RO | RO | RO | RO |RW |RW |RW | RW|RW | RW | RW | RW | RW | RW
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
()
a
FIELD PGMCLK " N/
<
=
RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE RW | RW | RW | RW | RW | RW | RW | RW | RO | RO | RO | RO | RO | RO |RW/|RW
ADDR 0x8000.0404
Table 6-8. PWRCNT Fields
BITS FIELD DESCRIPTION
31:26 " Reserved Reading returns 0. Values written cannot be read.
DMA Clock Enable
25:16 | DMACLKEN | Non-zero = Enables HCLK for all DMA channels.
0x000 = Disables HCLK to the DMA Controller.
Program Clock Divisor Specifies the PGMCLK (pin J6) clock divisor. The
PGMCLK output frequency is 14.7456 MHz divided by this field value. This field must
be set to 1, or an even number. The following examples of the highest and lowest di-
15:8 PGMCLK vider values show the output frequency range (OxFF is not an allowable divisor):
0x01 = PGMCLK output is 14.7456/1 = 14.7456 MHz.
O0xFE = PGMCLK output is 14.7456/254 = 58.053 kHz.
0 = Disable the PGMCLK output.
7:2 " Reserved Reading returns 0. Values written cannot be read.
Wakeup Disable
1 WAKEDIS | 1 = Disable waking-up from Standby via the WAKEUP (pin D1).
0 = Enable waking-up from Standby via the WAKEUP (pin D1).
0 " Reserved Reading returns 0. Always write as 0.

NXP Semiconductors
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6.2.2.3 Halt and Standby Read-to-Enter Registers (HALT) (STBY)

Reading STBY or HALT puts the LH7A400 into the Standby or Halt power saving opera-
tional state. Five NOP instructions must immediately follow any read from STBY to
accommodate ARM922T instruction pipelining.

This register is defined in Table 6-9, Table 6-10, and Table 6-11.

Table 6-9. HALT and STBY Registers

BIT 31 | 30 [ 20 [ 28 [ 27|26 ] 25 |24 |23 | 22|21 ]2 |19]18][17]16
FIELD HALT or STBY
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
FIELD HALT or STBY
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO | RO
ADDR 0x8000.0408 (HALT) or 0x8000.040C (STBY)
Table 6-10. HALT Field
BITS | FIELD DESCRIPTION
. Reading this field causes a transition to the Halt state. Writing this field has no
31:0 | HALT ; .
effect on the register contents or on the operational state.
Table 6-11. STBY Field
BITS | FIELD DESCRIPTION
Reading this field causes a transition to the Standby state. Writing this field has
31:0 | STBY | no effect on the register contents or on the operational state. After a read, 5
NOP instructions must be executed to accommodate pipelining.

6-12
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6.2.2.4 Interrupt and Flag Clearing Registers
(BLEOI, MCEOI, TEOI, STFCLR)
Writing any value to one of these four registers causes the associated interrupt of flag to

be cleared to 0. Reading these registers returns unusable data; do not read. The registers
are defined in Table 6-12 through Table 6-16.

Table 6-12. BLEOI, MCEOI, TEOI and STRCLR Registers

BIT 31 [ 30 [ 20 [ 28] 27 |26 |25 |24 |23 2221 [20]19]18]17]16
FIELD HALT or STBY
RESET 0
TYPE RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO|RO]|RO]|RO
BIT 15 | 14 | 13 [ 12 [ 11 [ 10 | 9 8 7 6 5 4 3 2 1 (i}
FIELD HALT or STBY
RESET 0
TYPE | RO | RO | RO | RO | RO | RO | RO [ RO | RO | RO | RO | RO | RO | RO | RO | RO
0x8000.0410 (BLEOI)
0x8000.0414 (MCEOI)
ADDR 0x8000.0418 (TEOI)
0x8000.041C (STFCLR)
Table 6-13. BLEOI Fields
BITS FIELD DESCRIPTION
31:0 BLEOI Writing any value clears the Battery Low interrupt (BLINT).
Table 6-14. MCEOI Fields
BITS FIELD DESCRIPTION
31:0 MCEOQI Writing any value clears the Media Change interrupt (MCINT).
Table 6-15. TEOI Fields
BITS FIELD DESCRIPTION
31-0 TEO Writing any value clears the TICK interrupt (TINTR) and the TICK
' Timeout Interrupt (TTINT).
Table 6-16. STFCLR Fields
BITS FIELD DESCRIPTION
Writing any value clears the New Battery (NBFLG), User Reset (RSTFLG),
31:0 | STFCLR | Power Fail (PFFLG), Watchdog Timer Flag (WDTFLG) and Cold Start
(CLDFLG) flags in the PWRSR register.
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6.2.2.5 Clock Set Register (CLKSET)

Write this register to enable and specify the divisors and gates used by PLL1 for providing
the system and peripheral clocks. Writing this register puts the LH7A400 in Standby state
for 8 to 16 msec, allowing time for any PLL1 changes to take effect.

This register is defined in Table 6-17 and Table 6-18.

Table 6-17. CLKSET Register

BIT 31|30|29‘28|27|26‘25 24 23|22|21‘2o 19 | 18 | 17 | 16
s
o)

FIELD I g I PS PCLKDIV
s
/)]

RESET| 0 | o [ o J ol o] ool o[ o]o] o] o] 1 o] ol o

TYPE RO | RO | RO | RO | RO | RO | RO |RW | RO| RO | RO | RO |RW|RW|RW/|RW
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FIELD MAINDIV2 MAINDIV1 PREDIV HCLKDIV
RESET | O 1 0 0 0 1 1 1 1 1 0 0 0 1 0 0
TYPE RW | RW | RW | RW | RW | RBW | RW | RW | RW | RBW | RW | RW | RW | RW | RW | RW
ADDR 0x8000.0420

Table 6-18. CLKSET Fields
BITS | FIELD DESCRIPTION

31:25 " Reserved Reading returns 0. Values written cannot be read.

1 = Disables the HCLK gate to the static memory controller (SMC) in Halt to save
power. In Halt, no instruction code fetches occur. With no DMA operations requiring
the SMC, no SMC controller accesses need occur.

0 = HCLK gate to SMC is enabled.

23:20 " Reserved Reading returns 0. Values written cannot be read.

24 | SMCROM

PS Divisor Specifies the divisor (275) for the output clock signal from PLL1:

00 = divide-by-1

01 = divide-by-2

10 = divide-by-4

11 = divide-by-8

After a power-on reset, PS = 0b10 (divide-by-4).

PCLK Divisor Specifies the divisor for the HCLK AHB clock to generate the PCLK
APB clock:

00 = divide-by-2

01 = divide-by-4

17:16 | PCLKDIV | 10 = divide-by-8
11 = divide-by-8

19:18 PS

After power-on reset, PCKLKDIV = 00 (divide-by-2). When specifying PCLKDIV, be
sure to maintain the required minimum ratio between PCLK and the peripheral clock.

NOTE: The SmartCard interface cannot be used with PCLKDIV set to 8.

Main Divisor 2 Specifies a divisor value used in PLL1. After a power-on reset,
MAINDIV2 = 0b01000.

Main Divisor 1 Specifies a divisor value used in PLL1. After a power-onreset,
MAINDIV1 = 0b1111.

15:11 | MAINDIV2

10:7 | MAINDIV1
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Table 6-18. CLKSET Fields (Cont’d)

BITS

FIELD

DESCRIPTION

6:2

PREDIV

Predivisor Specifies the pre-divisor value used in PLL1. After a power-on reset,
PREDIV = 0b10001.

1:0

HCLKDIV

HCLK Divisor Specifies the divisor value for HCLK to generate the FCLK
processor clock:

00 = divide-by-1. With FCLK = HCLK, running the processor in FASTBUS mode
provides maximum core-to-AHB efficiency.

01 = divide-by-2

10 = divide-by-3

11 = divide-by-4

After a power-on reset, HCLKDIV = 00. For any selection other than divide-by-1,
configure LH7A400 in synchronous bus mode. (See the documentation from ARM on
coprocessor 15, register 1.) In this mode, the processor core uses FCLK for internal
operations, either between registers or within the cache, but uses HCLK_CPU for all
external operations involving the AHB bus. This dual clock runs the processor core and
cache at maximum speed and the external peripherals at optimum speed.

Changing from FASTBUS mode to Synchronous Bus mode must be done:

* When switching from a divide ratio of 1 to 2 or more, change to Synchronous Bus
mode before writing the CLKSET register.

Changing from Synchronous Bus mode to FASTBUS mode must be done:

* When switching from a divide ratio of 2 or more to 1, change to FASTBUS mode after
writing the CLKSET register and the associated return from Standby.

Switching from FCLK to HCLK_CPU introduces a delay of between %2 to 1 HCLK_CPU
cycles. Switching back to FCLK introduces a delay of between 2 to 1 FCLK cycles.

NXP Semiconductors
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6.2.2.6 General Purpose Storage Registers (SCRREG)

SCRREGO0 and SCRREG1 are 32-bit RW scratch registers for general purpose storage. A
power-on reset clears these registers. Other system resets have no effect on the contents
of these registers.

The register field bit positions, names, access types and reset values are shown

in Table 6-19.
Table 6-19. SCRREG[1:0] Registers
BIT 31 [ 30 | 29 | 28 |27 | 26 [ 25 | 24 | 23 [ 22 |21 [20 [ 19 | 18] 17 | 16
FIELD SCRREG1 or SCRREGO
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
FIELD SCRREG1 or SCRREGO
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
0x8000.0440 SCRREGO
ADDR 0x8000.0444 SCRREG1
Table 6-20. SCRREG[1:0] Fields
BITS FIELD DESCRIPTION
31-0 SCRREGO or | Scratch Register 0 and 1 In both registers, this field can be used
' SCRREGH1 as temporary storage at the user’s discretion.

6-16
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6.2.2.7 USB Reset Register (USBRESET)

This register puts the processor in control of resetting the USB controller. Because a USB
host controller can send a reset command to the USB peripheral, the LH7A400 must also
be able to reset the APB registers. After reset, this register is all zeros.

The register is defined in Table 6-21 and Table 6-22.

Table 6-21. USBRESET Register Description

BIT 31|30|29‘28|27|26‘25|24|23|22|21‘20|19|18‘17|16
FIELD i
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO|RO]|RO|RO]/|RO
BIT 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
= =
FIELD Vi o w
| B
| o
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO|RO|RO/|RW]|RW
ADDR 0x8000.044C
Table 6-22. USBRESET Fields
BITS FIELD FUNCTION
31:2 " Reserved Reading returns 0. Values written cannot be read.
APB Reset Register
1 |APBRESETREG | { = Reset the USB control side.
0 = No reset.
I/O Reset Register
0 | IORESETREG |1 = Reset the USB I/O side.
0 = No Reset.

NXP Semiconductors
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Figure 7-1. LH7A400 Multiplexing Block Diagram
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Many pins on the LH7A400 PBGA package are multiplexed to support two or more
different signals. This chapter summarizes the multiplexing scheme and describes how to
activate each signal for each pin.

After power up or a reset, each multiplexed pin assumes a predetermined function. The
function following a reset is defined in Chapter 1. Particular function of a given pin can be
changed from the default setting by one of three methods:

» Setting the proper bits in one or more registers specifying the signal operation of the pin
* Enabling or disabling a specific LH7A400 subsystem
* Detection of an external connection on the pins.

All multiplexed signals are represented in the Multiplexing Block Diagram in Figure 7-1.

7.1.1 External Interrupt and GPIO Port F Multiplexing

After reset, the GPIO Port F[7:0] pins are configured as GPIO inputs. Software can
configure each pin of Port F independently as an external interrupt source to be handled
by the LH7A400 Interrupt Controller. To configure Port F pins as external interrupts, set
the corresponding fields in the GPIO Interrupt Enable register (GPIOINTEN), as described
in Chapter 16.

When configured as interrupts, the GP1O Port F[7:0] pins correspond to seven externally
configurable IRQ interrupts and one externally configurable FIQ interrupt, as shown in
Table 7-1.

Table 7-1. GPIO Port F External Interrupt Multiplexing

\EN__ | INTERRUPT | conrRoLLER GPIO
REGISTER BIT POSITION

C5 INT7 26 PE7
E6 INT6 25 PF6
D6 INT5 24 PF5
B5 INT4 23 PF4
H8 INT3 7 PF3
Cé6 INT2 6 PF2
B6 INT1 5 PF1
A6 INTO 0 PFO
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7.1.2 UART and GPIO Port B and Port C Multiplexing

The UART1 and UART3 data signals along with the UART3 modem status signals are mul-
tiplexed with GPIO Ports B[5:0] and CO, as shown in Table 7-2.

To configure the pins for UART3 data and modem status signals:

e Set the UART3 Control register UART Enable field (CON:UARTEN) to enable UART3
operation (See Chapter 15).

* Set the PINMUX register UART3 Configuration field (PINMUX:UART3CON)
(See Chapter 16).

Configure the pins for UART1 data signals by setting the UART1 Control register UART
Enable field (CON1:UARTEN). Enabling UART1 infrared operation does not automatically
reconfigure pins L4 and P1 as GPIO Ports. During infrared operation, UART1 continuously
asserts UARTTXD1 and ignores input on UARTRXD1 (See Chapter 15).

Enabling a UART selects the corresponding pins for UART use. To disable UART1 and
reconfigure the pins as GPIO, both the UARTEN and SIRD bits in CON1 must be pro-
grammed to 0 (See Chapter 15).

Table 7-2. UART Multiplexing

PIN UART GPIO

L4 UARTRX1 Port BO
L5 UARTTXS3 Port B1
L7 UARTRXS3 Port B2

M2 UARTCTSS3 Port B3
M4 UARTDCD3 Port B4
N1 UARTDSRS3 Port B5
P1 UARTTX1 Port CO
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7.1.3 Memory, MultiMediaCard, GPIO Port G, GPIO Port H,
and Address Multiplexing

The Static Memory Controller (SMC), Synchronous Dynamic Memory Controller (SDMC),
MultiMediaCard (MMC) Interface, GPIO Port G and Port H, Asynchronous Address Line,
and Synchronous Address Line signals are multiplexed as shown in Table 7-3.

Table 7-3. Memory and MMC Multiplexing

PIN sMC MMC | SDMC | GPIO PIN|] sMc | mmc | sbmc | GPIO
R3 nPCOE Port GO N14 | A1/nWE2

T3 nPCWE Port G1 Mi13| A2 SA0
L6 nPCIOR Port G2 K16 | A3 SA1
M6 | nPCIOW Port G3 K15 | A4 SA2
N6 | nPCREG Port G4 K14 | A5 SA3
M7 | nPCCET Port G5 J8 A6 SA4
M8 | nPCCE2 Port G6 J16 | A7 SA5
N4 PCDIR Port G7 Ji4| A8 SA6
P4 | PCRESET1 Port HO J9 A9 SA7
R4 | C%':E’gsém Port H1 H16 | A10 SA8
T4 | nPCSLOTE1 Port H2 H14 |  A11 SA9

CFAY/
N7 | PCMCIAA25/ Port H3 G16| A12 SA10
nPCSLOTE2
P8 | nPCWAIT1 Port H4 G14| A13 SA11
CFA10/
P5 | PCMCIAA24/ Port H5 G13| A4 SA12
nPCWAIT2
T5 | nPCSTATRE Port H7 F16 | A15 SA13
M12 nCS3 ”F',\fg'ss F14 | Al6 SBO
B10 CS6 SCKE1_2 E16 | A17 SB1
SCKE3/
c10 cs7 SCKEO G9 SCKE1_2/
SCKEO

M16| AONWET

7-4
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7.1.3.1 SDRAM Multiplexing

Pins B10 and C10 multiplex the SDMC SCKE1_2 and SCKEO output signals and SMC
CS6 and CS7 output signals. GPIO Pin Multiplexing register fields Clock 12 Enable and
Clock 0 Enable (PINMUX:CLK12EN and PINMUX:CLKOEN) define the multiplexing:

* When CLK12EN = 0, pin B10 is the SMC CS6 output.
e When CLKOEN = 0, pin C10 is the SMC CS7 output.

After reset, pin B10 is CS6 and pin C10 is CS7 and both are LOW. The SDMC SCKE1_2
and SCKEO, and SCKE3 (pin G9) output signals are multiplexed SDMC clock enable sig-
nals. The SDMC signal multiplexing is also selected with the PINMUX register, as shown
in Table 7-4. In this table, each CKE(x) is the corresponding Bank(x) clock enable signal.
After reset, both CLKOEN and CLK12EN are LOW, resulting in SCKE[3:0] signals being
ORed together at pin G9.

More information on using pins B10, C10, and G9 for external memory access using these
multiplexed pins appears in the SDRAM Controller Chapter.

Table 7-4. SDRAM Clock Enable Multiplexing

PINMUX OUTPUT SIGNAL VALUES
CLKOEN | CLK12EN PIN G9 PINB10 | PINC10
0 0 SCKEO OR SCKE1_2 OR SCKES3 CS6 CS7
0 1 SCKEO OR SCKE3 SCKE1_2| CS7
1 0 SCKE1_2 OR SCKES3 CSé6 SCKEO
1 1 SCKE3 SCKE1_2 | SCKEO

7.1.3.2 PCMCIA/Compact Flash Multiplexing

The PCMCIA and CompactFlash (CF) PC Card support is multiplexed with the GPIO Ports
G and H. To select PC Card or GPIO operation, set the PCMCIA Control register PC Cards
1 and 2 Enable fields (PCMCIACON:PC12EN), shown in Table 7-5 (Also see Chapter 4
for more details).

The GPIO Port G and H pin states at reset are:

¢ Port G Output (all bits driven LOW)

e Port H Input

* No cards enabled; Ports G and H configured as GPIO (PCMCIACON:PC12EN = 0b00).

Table 7-5. PC Card Enable Fields

PC12EN
BIT1|BITO

0 0 | Disables both cards, configuring Ports G and H as GPIO

0 1 Enables one card in CF mode at 0x4000.0000 (Slot 0)

1 0 | Enables one card in PCMCIA mode at Slot 0

Enables two cards, with the second card at 0x5000.0000 (Slot 1). Either card can
be CF or PCMCIA.

FUNCTION

1 1
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7.1.3.3 Static Memory Controller n\WE[2:1] Bits Multiplexing

The SMC signals nWE[2:1] are multiplexed with the least significant two Address bits,
A[1:0]. The signal present on the LH7A400 external pins depends on the data bus width of
the external memory and whether the processor instruction is a word, half-word, or byte
access. For more information, see Chapter 4.

7.1.3.4 Synchronous and Asynchronous Memory Controller External
Address Bus Multiplexing

The SDMC address signals SA[13:0] and the device bank select signals (SB[1:0]) are mul-
tiplexed with SMC address signals A[17:2], as shown in Table 7-3. The signals present on
the LH7A400 external pins depends entirely on whether the external memory being
accessed is in the Synchronous or Asynchronous memory space. For more information,
see the SDRAM Controller Chapter.

7.1.3.5 MultiMediaCard Adapter Signal Multiplexing

When the MultiMediaCard (MMC) Adapter is placed in the SPI mode, pin M12 is used for
the MMC Chip Select signal (hnMMSPICS), otherwise pin M12 is used for the SMC memory
bank Chip Select 3 (nCS3); see Table 7-3. The MMC Adapter is placed in SPI mode by
setting the SPI enable bit in the SPI Mode Control register (SPI_REG:SPI_EN). For more
information about the MMC Adapter in SPI mode, see Chapter 17.
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7.1.4 LCD and GPIO Multiplexing

The Color LCD Controller (CLCDC) and the AD-TFT/HR-TFT Timing Controller (HRTFTC)
interface signals are multiplexed with some GPIO signals. Depending on the LCD in use,
the interface signals will be different for STN, TFT, or HR-TFT panels. Table 7-6 summa-
rizes the signal multiplexing.

Table 7-6. LCD Signal Multiplexing

PIN STN SIGNAL TFT SIGNAL AD-TFT/HR-TFTSIGNAL | GPIO
P9 LCDM LCDENAB
R6 LCDFP (Frame Pulse) LCDFP (Vertical Sync Pulse)
R8 | LCDLP (Line Sync Pulse) | LCDLP (Horizontal Sync Pulse)
N9 LCDDCLK LCDDCLK LCDDCLK
(Panel Data Clock) (Panel Data Clock) (Panel Data Clock)

P2 LCDPS (Power Save) PCH1
R1 | LCDVDDEN (Use PC2) (ll_)ci;inDtZIDSDuI;E)':I)(/UES:aEICeZczr _ LCDVDDEN PC2
(Digital Supply Enable) High Voltage Supply Control) (Digital Supply Enable)

K6 LCDREV (AC Bias) PC3
L8 LCDSPS (Row Reset) PC4
i (GateLI(D:fi)v(zzlr_SCIock) PC5
T2 (Horizcl)_rft:al:igljrl;cF;Pulse) PCe
R2 (Line SljtgrtD IESII;e Left) PC7

P7 LCDVDO LCDVDO LCDVDO

R7 LCDVD1 LCDVD1 LCDVD1

T7 LCDVD2 LCDVD2 LCDVD2

N8 LCDVD3 LCDVD3 LCDVD3

L10 LCDVD4 LCDVD4 LCDVD4 PEO
N10 LCDVD5 LCDVD5 LCDVD5 PE1
M9 LCDVD6 LCDVD6 LCDVD6 PE2
M10 LCDVD7 LCDVD?7 LCDVD?7 PE3
M11 LCDVDS8 LCDVD8 LCDVD8 PDO
L11 LCDVD9 LCDVD9 LCDVD9 PD1
K8 LCDVD10 LCDVD10 LCDVD10 PD2
N11 LCDVD11 LCDVD11 LCDVD11 PD3
R9 LCDVD12 LCDVD12 LCDVD12 PD4
T9 LCDVD13 LCDVD13 LCDVD13 PD5
P10 LCDVD14 LCDVD14 LCDVD14 PD6
R10 LCDVD15 LCDVD15 (Intensity) LCDVD15 (Intensity) PD7
J5 LCDVD16 (always LOW) | PAO
K1 LCDVD 17 (always LOW) | PA1
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7.1.4.1 Reset State

Resetting the LH7A400 has the following effects, and software must handle any necessary
reconfiguration after reset:

* Reset activates the GPIO signals and deactivates the LCD signals.

* Reset configures the HRTFTC to Bypass mode, for use with STN or TFT panels.

Table 7-7 shows how to configure the CLCDC multiplexed pins.

Table 7-7. CLCDC Mode Configuration

PIN | GPIO CLCDC CONFIGURATION METHOD
J5 | PAO LCDVD16 Program the AD-TFT/HR-TFT Setup Register Conversion
KA PA1 LCDVD17 field (HRTFTCSetup:CR) with the value 0b01.
1 | ro2 | Lopvoben | S e e e e e
P2 | PC1 LCDPS
Ké | PC3 LCDREV
L8 | PC4 LCDSPS Set HRTFTCSetup:LCDICPEN
T1 PC5 LCDCLS Program HRTFTCSetup:CR = 0b01.
T2 | PC6 LCDHRLP
R2 | PC7 LCDSPL
M11 | PDO LCDVDS8
L11 | PD1 LCDVD9
K8 | PD2 LCDVD10
N11 | PD3 LCDVD11 To use these pins for LCD signals, program the PINMUX
Ro | PD4 LCDVD12 register Port D Output Control field (PINMUX:PDOCON) to 1
T9 | PD5 LCDVD13
P10 | PD6 LCDVD14
R10 | PD7 LCDVD15
L10 | PEO LCDVD4
N10 | PE1 LCDVD5 To use these pins for LCD signals, program PINMUX register
M9 | PE2 LCDVD6 Port E Output Control field (PINMUX:PEOCON) to 1
M10 | PE3 LCDVD7

7-8
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7.1.5 AC97, ACI, and GPIO Multiplexing

The AC97 Codec Reset signal (hnAC97RESET) is multiplexed with GPIO Port H6 on pin
R5. To use this pin for NAC97RESET, program the following registers:

» Set the AC97 General Control Register AC97 ‘Initialize FIFOs and Enable’ field
(GCREIFE) to enable the AC97 Codec Interface.

* Clear the GPIO PINMUX register ‘Codec On'’ field (PINMUX:CODECON) to disable the
non-AC97 Audio Codec Interface (ACI).

The other AC97 Codec signals are multiplexed with the non-AC97 Audio Codec Interface

(ACI) signals on the following pins:

e AC97 or ACI Bit Clock (ACBITCLK) on pin C4

e AC97 or ACI Output (ACOUT) on pin D5

* AC97 or ACI Synchronize (ACSYNC) on pin B4

* AC97 or ACI Input (ACIN) on pin A4

To configure these pins for ACI use, set PINMUX:CODECON. To configure these pins for
AC97 use, clear PINMUX:CODECON. See Chapter 16 for details.

After reset, the PINMUX:CODECON will be cleared.

7.1.6 Smart Card Interface, GPIO, and Address Multiplexing

The SCI signals are multiplexed with GPIO, Interrupt, and Address signals, as shown in
Table 7-8. Reset, clock, and 1/O pin selection for SCI use occurs automatically when the
SCI has been enabled by setting the SCI Control register SCI Enable field
(SCICON:SCI_EN). The SCVCCEN Smart Card power enable signal and the SCDETECT
SCI contact detect signal are individually controlled by fields in the SCICONTROL register:

* To detect when a card is present, set the Multiplexing SCI Card Detection field
(SCICONTROL:MUXSCI_Detect). When this field is cleared, pin D6 operates as GPIO
Port F5 and is unavailable to the SCI.

* To provide the Smart Card supply voltage enable, program the Multiplexing SCI VCC
Enable bit (SCICONTROL:MUXSCI_VCCEN) to 1. When this field is 0, pin B5 operates
as GPIO Port F4 and is unavailable to the SCI.

Table 7-8. SCI Multiplexing

PIN SCI ADDRESS GPIO INT
A8 SCRST A27
B5 SCVCCEN PF4 INT4
D6 SCDETECT PF5 INT5
F8 SCCLK A26
G8 SCIO A25
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7.1.7 Battery Monitor Interface and GPIO Multiplexing

The following types of Battery Monitor Interfaces (BMI) can be configured under software

control on the LH7A400:
* Single Wire Interface (SWI)

e Smart Battery Interface (SBI), a two-wire interface.

The SWI and SBI signals are multiplexed with the GPIO Port B[7:6] signals on pins N3 and
N2, as shown in Table 7-9. Enabling either the SWI or the SBI automatically configures

these pins as needed for the BMI:

* To enable SWI, set the SWI Control Register SWI Enable field (SWICR:SWIEN). Pin N2
is configured as the SWI Data signal (SWID). Pin N3 is configured as PB7.

* To enable SBI, set the SBI Control Register SBI Enable field (SBICR:SBI_EN). Pin N2
is configured as the SBI System Management Bus Data signal (SMBD). Pin N3 is con-
figured as the SBI System Management Bus Clock signal (SMBCLK).

When both SWI and SBI are enabled, SWI signals take priority on pin N2.

Table 7-9. BMI Multiplexing

PIN SWI SBI GPIO
N2 SWID SMBD PB6
N3 SMBCLK PB7

7-10
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Chapter 8
Interrupt Controller

8.1 Theory of Operation

The LH7A400 Interrupt Controller collects interrupt request signals from on-chip and off-
chip sources and processes the interrupt requests into an IRQ (Interrupt Request) signal
and an FIQ (Fast Interrupt Request) signal to the ARM922T core. In this chapter, the term
interrupt refers collectively to IRQ and FIQ exceptions in the ARM922T. This section gives
a brief description of ARM922T exceptions. For detailed information on ARM922T excep-
tions, see the literature published by ARM, Ltd., at http://www.nxp.com or
http://www.nxp.com/redirect/arm.com.

8.1.1 Interrupt Sources

The 28 sources of interrupt request signals the Interrupt Controller processes are listed in
Table 8-2. Source numbers correspond to bit numbers in the Interrupt Controller registers.
Interrupts from enabled sources 27 through 4 request an IRQ exception. Interrupts from
enabled sources 3 through 0 request an FIQ exception.

Most sources must be configured to generate an interrupt request to the Interrupt Control-
ler. Configuring an external interrupt request from a pin on GPIO Port F is described in the
GPIO chapter. Configuring on-chip peripherals to request an interrupt is described in the
Chapter of this User's Guide corresponding to that peripheral.

Even if a source is configured to generate an interrupt request, the source cannot cause
an IRQ or FIQ exception unless the source’s interrupt is enabled at the Interrupt Controller.
Enabling a Source at the interrupt controller is described in Section 8.2.

Most sources continue to generate an interrupt request signal to the Interrupt Controller
until some action is taken. The action is usually a read from, or a write to a register. If the
interrupt handler does not clear the interrupt condition at the source before the interrupt
handler (software that executes in response to an interrupt) exits, then the interrupt mech-
anism will continue to invoke the handler until the condition causing the interrupt is cleared.

8.1.2 Interrupt Priorities

Table 8-2 describes sources capable of generating an FIQ and sources capable of gener-
ating an IRQ. The Interrupt Controller provides no other prioritization mechanism for
simultaneous interrupt requests. Resolution of simultaneous interrupt requests from multi-
ple peripherals has to be performed by interrupt handler software.

FIQ and IRQ exceptions are prioritized. If an FIQ and an IRQ occur simultaneously, the
FI1Q will be processed first. Unless an FIQ handler explicitly enables IRQ or FIQ excep-
tions, FIQ handlers cannot be interrupted. Unless an IRQ handler explicitly enables IRQ
exceptions, an IRQ handler cannot be interrupted by another IRQ. Unless an IRQ handler
explicitly disables FIQ processing, an FIQ can interrupt an IRQ handler.
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8.1.3 ARM922T Exceptions

Interrupts are two types of exceptions in the ARM922T-based LH7A400 architecture. The
core does the following when an exception occurs:

1.

If possible, completes executing the current instruction. For the interrupts (FIQ and
IRQ), the current instruction always completes.

Changes the operating mode to the mode associated with the exception category.
Saves registers:

Copies the Program Counter (PC) value to the Link Register (LR), in R14 of the
register bank associated with the exception mode.

Copies the Current Program Status Register (CPSR) to the Saved Program Status
Register (SPSR) associated with the exception mode.

As appropriate, disables other exceptions by setting bits in the CSPR.
Changes the PC to execute at an exception vector address, as listed in Table 8-1.

Table 8-1. ARM Exception Vectors

EXCEPTION CATEGORY EXCEPTION MODE | ADDRESS
Reset SVC 0x00000000
Undefined Instruction UND 0x00000004
SWI (Software Interrupt) SVC 0x00000008
Prefetch Abort (Instruction Fetch Memory Fault) Abort 0x0000000C
Data Abort (Data Access Memory Fault) Abort 0x00000010
IRQ (Normal Interrupt) IRQ 0x00000018
F1Q (Fast Interrupt) FIQ 0x0000001C

8.1.4 Interrupt Handling Code Location

IRQ handling starts execution at the exception vector address 0x00000018. For IRQ han-
dlers with multiple instructions, branch from this address to software elsewhere in memory.
FIQ handling starts execution at 0x0000001C. FIQ handlers can reside at the exception
vector address because no exception vectors are mapped above 0x0000001C. This close
location avoids branching latency.
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8.1.5 Register Use and Preservation

Most processor registers are shared among all operating modes. For example, Figure 8-1
shows the registers available in System, User, FIQ, and IRQ modes. Dashed arrows indi-
cate shared register locations.

To prevent IRQ or FIQ exception handling software from corrupting the registers that are
shared with other operating modes, IRQ and FIQ exception processing software must
preserve any shared register the exception processing software modifies.

For example, on entry, IRQ exception handling software must save (usually on the IRQ
mode stack) any register it modifies except SP, LR, or the SPSR. The CPSR is automati-
cally moved to the SPSR on entry. On exit, IRQ exception handling software must restore
all the registers it previously saved. The ARM922T will automatically move the SPSR to
the CPSR if the IRQ exception handler exits properly. FIQ exception handling software
operates the same way as IRQ exception handling software except that registers are usu-
ally preserved on the FIQ stack and it is not necessary for FIQ exception handling software
to preserve registers R12-R8. For details on register sharing on all operation modes, see
the literature published by ARM, Ltd., at http://www.nxp.com or
http://www.nxp.com/redirect/arm.com.

SYSTEM AND
USER (SU) IRQ FlQ
MODES MODE MODE
UNAVAILABLE IRQ:SPSR FIQ:SPSR
CPSR  [————— CPSR  [————— CPSR
rMi51PC f————— rMi51pPC [f————— r[15] PC
SuU:r[14] LR IRQ:r{14] LR FlQ:r[14] LR
SuU:r[13] SP IRQ:r[13] SP FIQ:r[13] SP
su:r12:8) f————— Su:r[12:8] FlQ:r[12:8]
700  f————— 700  f————— r[7:0]
NOTE: Dashed arrows indicate registers shared between modes.
LH7A400-45

Figure 8-1. FIQ Mode and IRQ Mode Register Sharing
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8.1.6 Enabling and Disabling Interrupts

To enable an interrupt source at the Interrupt Controller, set the corresponding Interrupt
Enable Set (INTENS) bit to 1. Clearing an INTENS bit has no effect on that bit. To disable
an interrupt source, set the corresponding Interrupt Enable Clear register (INTENC) bit
to 1. Setting an INTENC bit clears the corresponding INTENS bit. Clearing an INTENC bit
has no effect. See Section 8.2 for detalils.

Enabling the source at the Interrupt Controller does not configure the source to generate
interrupt requests. To enable interrupt requests from an on-chip peripheral, see the
chapter for that peripheral. To enable external interrupt requests, see the discussion of
GPIO port F in the GPIO Chapter.

Enabling the Interrupt Controller to generate an IRQ or an FIQ will not cause a processor
exception unless IRQ or FIQ exceptions are enabled in the ARM922T CPSR.

A Power-on Reset disables all interrupts at the Interrupt Controller and the ARM922T
CPSR. Whether a particular peripheral is able to generate an interrupt request after
Power-on Reset is documented in the Chapter for that peripheral.
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8.2 Register Reference

This section describes the Interrupt Controller registers. Each bit in an Interrupt Controller
register corresponds to a unique interrupt source. The sequence of bits is identical in all
registers. Bit assignments are shown in Table 8-2. In the INTERRUPT SOURCE column
of Table 8-2, the chapter that describes how to enable and clear the interrupt at the periph-
eral source is noted in parentheses. The registers are described in Table 8-3.

Table 8-2. Interrupt Controller Register Bits

BITS NAME INTERRUPT SOURCE
31:28 " Reserved Reading returns 0. Values written cannot be read.

27 BMIINTR Battery Monitor Interface (BMI)

26 GPIO7INTR | Configurable External IRQ Interrupt on the GPIO Port F7 pin (GPIO)

25 GPIOGBINTR | Configurable External IRQ Interrupt on the GPIO Port F6 pin (GPIO)

24 GPIOSINTR | Configurable External IRQ Interrupt on the GPIO Port F5 pin (GPIO)

23 GPIO4INTR | Configurable External IRQ Interrupt on the GPIO Port F4 pin (GPIO)

22 TC30I Timer3 (Timers)

21 DMAINTR | Direct Memory Access (DMA)

20 USBINTR Universal Serial Bus (USB)

19 MMCINTR | MultiMediaCard (MMC)

18 AC97INTR | AC97 Audio Codec (AAC)

17 SCIINTR Smart Card Interface (SCI)

16 UARTS3INTR | UART3 (UART)

15 SSPINTR Synchronous Serial Interface (SSI)

14 LCDINTR Liquid Crystal Display (LCD)

13 UART2INTR | UART2 (UART)

12 UART1INTR | UART1 (UART)

11 TINTR 64 Hz Tick (CSC)

10 RTCINTR Real Time Clock (RTC)

9 TC20I Timer2 (Timers)

8 TC10I Timer1 (Timers)

7 GPIOSBINTR | Configurable External IRQ Interrupt on the GPIO Port F3 pin (GPIO)

6 GPIO2INTR | Configurable External IRQ Interrupt on the GPIO Port F2 pin (GPIO)

5 GPIO1INTR | Configurable External IRQ Interrupt on the GPIO Port F1 pin (GPIO)

4 ACIINTR Audio Codec (ACI)

3 MCINT Media Chang(_a Thig FI1Q interrupt occurs at least 62.5 us after a rising edge on
the MEDCHG input pin (CSC).

2 WDINTR Watchdog Timer This FIQ interrupt (WDT) occurs when the WDT overflows.
Battery Low This FIQ interrupt occurs at least 62.5 ps after the following signal

1 BLINT combination hgs begun,.an.d rgmains asserted while these conditions exist:
* NEXTPWR is HIGH, indicating no external power supply
¢ BATOK is LOW (CSC)

0 GPIOOFIQ E(?L?nl?étsrg)?l Interrupt Configurable External FIQ Interrupt on the GPIO Port

NXP Semiconductors
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8.2.1 Memory Map

The Interrupt Controller registers reside in memory at offsets from the LH7A400 Interrupt
Controller base address, 0x8000.0500 as shown in Table 8-3.

Table 8-3. Interrupt Controller Register Bit Memory Map

ADDRESS

OFFSET NAME DESCRIPTION

Interrupt Status Register

1 = The enabled interrupt source corresponding to the particular bit is

0x00 INTSR requesting an interrupt.

0 = The interrupt source corresponding to the particular bit is not
enabled, or is enabled and not requesting an interrupt.

Interrupt Raw Status Register

1 = The interrupt source corresponding to the particular bit is requesting

0x04 INTRSR an interrupt, whether enabled or not.

0 = The interrupt source corresponding to the particular bit is not
requesting an interrupt.

Interrupt Enable Set Register

1 = The enabled interrupt source corresponding to the particular bit
is enabled.

0 = The interrupt source corresponding to the particular bit is
not enabled.

Interrupt Enable Clear Register

0x08 INTENS

1 = The enabled interrupt source corresponding to the particular bit is

0x0C INTENC cleared; the corresponding bit in INTENS will read 0.

0 = The interrupt source corresponding to the particular bit is not cleared;
no change to the corresponding bit in INTENS.

8§12 m Reserved Do not read these locations; unpredictable values can
0x18 be returned.
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8.2.2 Register Descriptions

8.2.2.1 Interrupt Controller Status Register (INTSR)

If a bit in INTSR reads back 1, the corresponding enabled interrupt source is requesting
an interrupt. If a bit in INTSR reads back 0, the corresponding interrupt source is either
disabled or not requesting an interrupt. Values written to this register cannot be read back.
INTSR is the bit-wise logical AND of INTRSR with INTENS. Bit field assignments for this
register are in Table 8-4 and in Table 8-5. In Table 8-5, the chapter that describes how to
enable and clear the interrupt at the peripheral source is noted in parentheses.

Table 8-4. INTSR

BIT 31 [ 30 | 29 [ 28 |27 | 26 | 25 | 24 [ 23 | 22 [ 21 | 20 [ 19 | 18 | 17 | 16
FIELD i g 5 8 5 5 § g g g s % E
215|553 5|35 |2|9%2]5%
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO]|RO
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
= = E E i = o) ) E E E = E = E g
mew | £ )25 E 28|38 |8|5|5|2|8 2|28
819887 |E|" 7|8 |8[8 || 7|5
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO | RO| RO |RO|RO|RO|RO|RO|RO]|RO
ADDR 0x8000.0500
Table 8-5. INTSR Bits
BITS FIELD INTERRUPT SOURCE
31:28 I Reserved Reading returns 0. Values written cannot be read.
27 BMIINTR | Battery Monitor Interface (BMI)
26 GPIO7INTR | Configurable External IRQ Interrupt on the GPIO Port F7 pin (GPIO)
25 GPIO6INTR | Configurable External IRQ Interrupt on the GPIO Port F6 pin (GPIO)
24 GPIO5INTR | Configurable External IRQ Interrupt on the GPIO Port F5 pin (GPIO)
23 GPIO4INTR | Configurable External IRQ Interrupt on the GPIO Port F4 pin (GPIO)
22 TC30I Timer3 (Timers)
21 DMAINTR | Direct Memory Access (DMA)
20 USBINTR | Universal Serial Bus (USB)
19 MMCINTR | MultiMediaCard (MMC)
18 AC97INTR | AC97 Audio Codec (AAC)
17 SCIINTR | Smart Card Interface (SCI)
16 | UARTS3INTR | UART3 (UART)
15 SSPINTR | Synchronous Serial Interface (SSI)
14 LCDINTR | Liquid Crystal Display (LCD)
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Table 8-5. INTSR Bits (Cont’d)

BITS FIELD INTERRUPT SOURCE

13 | UART2INTR | UART2 (UART)

12 | UART1INTR | UART1 (UART)

11 TINTR 64 Hz Tick (CSC)

10 RTCINTR | Real Time Clock (RTC)

9 TC20I Timer2 (Timers)

8 TC10I Timer1 (Timers)

7 GPIOSINTR | Configurable External IRQ Interrupt on the GPIO Port F3 pin (GPIO)

6 GPIO2INTR | Configurable External IRQ Interrupt on the GPIO Port F2 pin (GPIO)

5 GPIO1INTR | Configurable External IRQ Interrupt on the GPIO Port F1 pin (GPIO)

4 ACIINTR | Audio Codec (ACI)
Media Change This FIQ interrupt occurs when the MEDCHG input pin

3 MCINT (CSCQC) is active for at least 62.5 us. This delay debounces the signal to
prevent false interrupt generation.

5 WDINTR Watchdog Timer This FIQ interrupt (WDT) occurs when the
WDT overflows.
Battery Low This FIQ interrupt occurs when the following signal combi-
nation occurs for at least 62.5 us, and remains asserted while these con-
ditions exist:

1 BLINT * NEXTPWR is HIGH, indicating no external power supply
* BATOK is LOW (CSC)
The 62.5 pus delay debounces the signal to prevent false interrupt
generation.

0 GPIOOFIQ GPIO External Interrupt Configurable External FIQ Interrupt on the

GPIO Port FO pin (GPIO)

8-8
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8.2.2.2 Interrupt Controller Raw Status Register (INTRSR)

The INTRSR register reports the asserted or deasserted status of interrupts. A bit reading
back as 1 indicates an asserted interrupt; a bit reading back as 0 indicates a deasserted

interrupt. This register provides the status of interrupts, whether or not software has

enabled the particular interrupt.

The values reported in INTRSR are bit-wise-ANDed with the values programmed in

INTENS, providing the results of only the enabled interrupts in INTSR.

Values written to this register cannot be read back. Bit field assignments for this register
are in Table 8-6 and in Table 8-7. In Table 8-7, the chapter that describes how to enable
and clear the interrupt at the peripheral source is noted in parentheses.

Table 8-6. INTRSR

BIT 31 [ 30 | 29 [ 28 |27 | 26 | 25 | 24 [ 23 | 22 [ 21 | 20 [ 19 | 18 | 17 | 16
FIELD " E 5 8 5 5 § g g g § % E
5155|553 332|893
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO]|RO
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
= = E E o = o) ) E E E = E = = g
FEo | £ 12 8| E 12 5|85 (8|8 |5|2|58|5|3]8
B1S 5|57 8|7 " 6|6|5|<|%]5]")5
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO]|RO/|RO
ADDR 0x8000.0504
Table 8-7. INTRSR Bits
BITS FIELD INTERRUPT SOURCE
31:28 " Reserved Reading returns 0. Values written cannot be read.
27 BMIINTR | Battery Monitor Interface (BMI)
26 | GPIO7INTR | Configurable External IRQ Interrupt on the GPIO Port F7 pin (GPIO)
25 | GPIOGBINTR | Configurable External IRQ Interrupt on the GPIO Port F6 pin (GPIO)
24 | GPIOSINTR | Configurable External IRQ Interrupt on the GPIO Port F5 pin (GPIO)
23 | GPIO4INTR | Configurable External IRQ Interrupt on the GPIO Port F4 pin (GPIO)
22 TC30I Timer3 (Timers)
21 DMAINTR | Direct Memory Access (DMA)
20 USBINTR |Universal Serial Bus (USB)
19 | MMCINTR |MultiMediaCard (MMC)
18 | AC97INTR |AC97 Audio Codec (AAC)
17 SCIINTR |Smart Card Interface (SCI)
16 |UARTS3INTR |UART3 (UART)
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Table 8-7. INTRSR Bits (Cont’d)

BITS FIELD INTERRUPT SOURCE

15 SSPINTR | Synchronous Serial Interface (SSI)

14 LCDINTR |Liquid Crystal Display (LCD)

13 |UART2INTR |UART2 (UART)

12 |UART1INTR |UART1 (UART)

11 TINTR 64 Hz Tick (CSC)

10 RTCINTR |Real Time Clock (RTC)

9 TC20I Timer2 (Timers)

8 TC10I Timer1 (Timers)

7 | GPIOSINTR | Configurable External IRQ Interrupt on the GPIO Port F3 pin (GPIO)

6 | GPIO2INTR | Configurable External IRQ Interrupt on the GPIO Port F2 pin (GPIO)

5 | GPIO1INTR | Configurable External IRQ Interrupt on the GPIO Port F1 pin (GPIO)

4 ACIINTR | Audio Codec (ACI)

Media Change This FIQ interrupt occurs when the MEDCHG input pin

3 MCINT (CSC) is active for at least 62.5 us. This delay debounces the signal to
prevent false interrupt generation.

2 WDINTR |Watchdog Timer This FIQ interrupt (WDT) occurs when the WDT overflows.
Battery Low This FIQ interrupt occurs when the following signal combination
occurs for at least 62.5 pus, and remains asserted while these conditions exist:

1 BLINT * NEXTPWR is HIGH, indicating no external power supply
* BATOK is LOW (CSC)

* The 62.5 ps delay debounces the signal to prevent false interrupt generation.

0 GPIOOFIQ GPIO External Interrupt Configurable External FIQ Interrupt on the GPIO

Port FO pin (GPIO)

8-10
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8.2.2.3 Interrupt Controller Enable Set Register (INTENS)

The INTENS registers allows reading the enable status of each interrupt and enabling
individual interrupts with a write. If a bit in this register reads back 1, the corresponding
interrupt source is enabled. If a bit in this register reads back 0, the corresponding interrupt
source is disabled.

Writing a bit as 1 in this register enables the corresponding interrupt source. Clearing a bit
by writing a 0 in INTENS will not change that bit nor disable the interrupt. Use the INTENC
register to disable interrupt sources.

Bit field assignments for this register are in Table 8-8 and in Table 8-9. In Table 8-9, the
chapter that describes how to enable and clear the interrupt at the peripheral source is
noted in parentheses.

Table 8-8. INTENS

BIT 31 [ 30 | 29 | 28 [ 27 [ 26 | 25 | 24 [ 23 [ 22 | 21 [ 20 [ 19 [ 18 | 17 | 16
o o o o o
[ass o o o o =
Elz|lz|zl2|g|lE|c|2|2 ||z
FIELD " Z|/5/8|8|3|8|2|5|c|5|2|¢2
zlalalalal|"|2]|9|2|8|8|cCt
6|6 |6 | o e = | < )
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO [RW [RW [RW |[RW | RW | RW | RW | RW | RW | RW | RW | RW
BIT 15 | 14 | 13 [ 12 [ 11 [ 10 | o 8 7 6 5 4 3 2 1 0
o o o [a s o
o o o g
= = E E o E o o) = = = = E = E [
FELD | 2 | 2 | & | F | E |2 || |s|al|l=|z|2|2|2]|238
58 |E|E|E|E|R|R2|2|2|2]g|8|g|ad ¢z
o o o
%] | < < o & & & < = o}
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE |RW |RW |RW |RW [RW [RW [ RW | RW | RW | RW | RW | RW [ RW | RW | RW | RW
ADDR 0x8000.0508
Table 8-9. INTENS Bits
BITS FIELD INTERRUPT SOURCE
31:28 " Reserved Reading returns 0. Values written cannot be read.

27 BMIINTR | Battery Monitor Interface (BMI)

26 | GPIO7INTR | Configurable External IRQ Interrupt on the GPIO Port F7 pin (GPIO)
25 | GPIOG6INTR | Configurable External IRQ Interrupt on the GPIO Port F6 pin (GPIO)
24 | GPIOSINTR | Configurable External IRQ Interrupt on the GPIO Port F5 pin (GPIO)
23 | GPIO4INTR | Configurable External IRQ Interrupt on the GPIO Port F4 pin (GPIO)

22 TC30I Timer3 (Timers)

21 DMAINTR |Direct Memory Access (DMA)
20 USBINTR |Universal Serial Bus (USB)
19 | MMCINTR |MultiMediaCard (MMC)

18 | AC97INTR |AC97 Audio Codec (AAC)

17 SCIINTR | Smart Card Interface (SCI)
16 |UARTS3INTR |UART3 (UART)
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Table 8-9. INTENS Bits (Cont’d)

BITS FIELD INTERRUPT SOURCE
15 SSPINTR | Synchronous Serial Interface (SSI)
14 LCDINTR |Liquid Crystal Display (LCD)
13 |UART2INTR |UART2 (UART)
12 |UART1INTR |UART1 (UART)
11 TINTR 64 Hz Tick (CSC)
10 RTCINTR |Real Time Clock (RTC)
9 TC20I Timer2 (Timers)
8 TC10I Timer1 (Timers)
7 | GPIOBINTR | Configurable External IRQ Interrupt on the GPIO Port F3 pin (GPIO)
6 | GPIO2INTR | Configurable External IRQ Interrupt on the GPIO Port F2 pin (GPIO)
5 | GPIO1INTR | Configurable External IRQ Interrupt on the GPIO Port F1 pin (GPIO)
4 ACIINTR | Audio Codec (ACI)
Media Change This FIQ interrupt occurs when the MEDCHG input pin
3 MCINT (CSQC) is active for at least 62.5 us. This delay debounces the signal to
prevent false interrupt generation.
> WDINTR Watchdog Timer This FIQ interrupt (WDT) occurs when the
WDT overflows.
Battery Low This FIQ interrupt occurs when the following signal combination
occurs for at least 62.5 pus, and remains asserted while these conditions exist:
1 BLINT * NEXTPWR is HIGH, indicating no external power supply
* BATOK is LOW (CSC)
The 62.5 ps delay debounces the signal to prevent false interrupt generation.
0 GPIOOFIQ GPIO External Interrupt Configurable External FIQ Interrupt on the GPIO

Port FO pin (GPIO)

8-12

Ver. 1.3 — 27 August 2007 NXP Semiconductors



LH7A400 User’s Guide

Interrupt Controller

8.2.2.4 Interrupt Controller Enable Clear Register (INTENC)

Reading this register returns 0. Set a bit to 1 in this register to clear the corresponding bit in
INTENS and disable the corresponding interrupt source. An attempt to clear a bit by writing
a 0 in this register does not change INTENS. Bit field assignments for this register are in
Table 8-10 and in Table 8-11. In Table 8-11, the chapter that describes how to enable and
clear the interrupt at the peripheral source is noted in parentheses.

Table 8-10. INTENC

BIT 31 [ 30 | 29 | 28 [ 27 [ 26 | 25 | 24 [ 23 [ 22 | 21 | 20 [ 19 | 18 | 17 | 16
FIELD i g 5 8 5 5 § g g g s % E
5155|553 332|893
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO
BIT 15 | 14 | 13 [ 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
5191553 = 56|58 |< 5 5
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO | WO
ADDR 0x8000.050C
Table 8-11. INTENC Bits
BITS FIELD INTERRUPT SOURCES
31:28 " Reserved Reading returns 0. Values written cannot be read.
27 BMIINTR | Battery Monitor Interface (BMI)
26 | GPIO7INTR | Configurable External IRQ Interrupt on the GPIO Port F7 pin (GPIO)
25 | GPIOBINTR | Configurable External IRQ Interrupt on the GPIO Port F6 pin (GPIO)
24 | GPIOSINTR | Configurable External IRQ Interrupt on the GPIO Port F5 pin (GPIO)
23 | GPIO4INTR | Configurable External IRQ Interrupt on the GPIO Port F4 pin (GPIO)
22 TC30I Timer3 (Timers)
21 DMAINTR | Direct Memory Access (DMA)
20 USBINTR |Universal Serial Bus (USB)
19 | MMCINTR |MultiMediaCard (MMC)
18 | AC97INTR |AC97 Audio Codec (AAC)
17 SCIINTR |Smart Card Interface (SCI)
16 |UARTS3INTR |UART3 (UART)
15 SSPINTR | Synchronous Serial Interface (SSI)
14 LCDINTR |Liquid Crystal Display (LCD)
13 |UART2INTR [UART2 (UART)
12 |UART1INTR [UART1 (UART)
11 TINTR 64 Hz Tick (CSC)
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Table 8-11. INTENC Bits

BITS FIELD INTERRUPT SOURCES
10 RTCINTR |Real Time Clock (RTC)

9 TC20I Timer2 (Timers)

8 TC10I Timer1 (Timers)

7 | GPIOSGINTR | Configurable External IRQ Interrupt on the GPIO Port F3 pin (GPIO)

6 | GPIO2INTR | Configurable External IRQ Interrupt on the GPIO Port F2 pin (GPIO)

5 | GPIO1INTR |Configurable External IRQ Interrupt on the GPIO Port F1 pin (GPIO)

4 ACIINTR | Audio Codec (ACI)

Media Change This FIQ interrupt occurs when the MEDCHG input pin

3 MCINT (CSC) is active for at least 62.5 us. This delay debounces the signal to
prevent false interrupt generation.

2 WDINTR |Watchdog Timer This FIQ interrupt (WDT) occurs when the WDT overflows.
Battery Low This FIQ interrupt occurs when the following signal combination
occurs for at least 62.5 ps, and remains asserted while these conditions exist:

1 BLINT * NEXTPWR is HIGH, indicating no external power supply
* BATOK is LOW (CSC)

The 62.5 ps delay debounces the signal to prevent false interrupt generation.

0 GPIOOFIQ GPIO External Interrupt Configurable External FIQ Interrupt on the GPIO

Port FO pin (GPIO)

8-14
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Chapter 9
Dlrect Memory Access (DMA)

Controller

9.1 Theory of Operation

The DMA controller uses ten DMA channels, as shown in Table 9-1, providing an interface

for data streams from these peripherals to the system memory:
* For the Universal Serial Bus (USB) controller, one transmit channel and one

* For the MultiMediaCard (MMC) controller, one transmit channel and one

receive channel.

receive channel.

e For the AC ‘97 Codec (AC97) controller, three transmit and three receive channels to

The DMA controller (shown in Figure 9-1) feature set is summarized here:

handle different sample frequency data queues with low software overheads.

Table 9-1. DMA Controller Channel Allocation

CHANNEL

FUNCTION

0

USB Transmit

USB Receive

MMC Transmit

MMC Receive

AC97 Receive 0

AC97 Transmit O

AC97 Receive 1

AC97 Transmit 1

AC97 Receive 2

Olo|N[foO|O| P~ W|N| =

AC97 Transmit 2

The transmit and receive DMA channels are independent.

The DMA controller has a dedicated DMA bus to each peripheral, capable of transferring

data in both directions simultaneously.

All memory transfers use the LH7A400 advanced high-performance bus (AHB).

Each channel has two buffer descriptors to avoid any data underflow or overflow caused

by software latency.
No buffer wrapping occurs.

The buffer size can be equal to, greater than, or less than the packet size. Transfers can

automatically switch between buffers.

NXP Semiconductors
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e Interrupts for each channel in each direction can be enabled and disabled separately.

¢ Arbitration is internal between DMA channels and the external bus arbiter.

¢ DMA transfer sizes can be byte, word, or quad word.

» Control and status registers are provided to initialize and monitor DMA activity.

* A system interrupt can be generated for new buffer allocation requests, transfer errors,
and transfer completions.

The subsequent sections describe each of the blocks in the DMA controller and the DMA

state machine.

LH7A400
INTERRUPT

CONTROLLER

ADVANCED
HIGH-PERFORMANCE
BUS (AHB)

EndPoint

FIFO

EndPoint

FIFO

TX FIFO

RX FIFO

TX FIFO

RX FIFO

RX FIFO

TXFIFO

RX FIFO

| DMA CONTROLLER
|
| BUS SLAVE
| CHANNEL
| and
t STATUS CHANNEL
i REGISTER CONTROL
| CHDA)A’\TIE = TRANSMIT
| REGISTERS UNPACKER
|
' RECEIVE
I PACKER
| DMA
| INTERRUPT
| | GENERATOR
| TRANSMIT
| UNPACKER
|
' RECEIVE
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| DATA BUS
|
' TRANSMIT
| UNPACKER
|
I RECEIVE
' PACKER
| AHB MASTER
| INTERFACE
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|
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Figure 9-1. DMA Controller Block Diagram
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9.1.1 AHB Interface

The AHB Master interface transfers data between the system memory and the DMA Con-
troller. In the receive direction, data is transferred from a packer unit to system memory. In
the transmit direction, data is transferred from the system memory to the unpacker unit.
Data transfer can be initiated by either:

* A packer unit becoming full, or containing enough data for the next unaligned access
* An unpacker unit becoming empty.

When a peripheral indicates the end of received data or a receiver error or if the number
of bytes transferred from a peripheral reaches the maximum transfer count, the AHB Mas-
ter interface writes any valid data in the receive packer to main memory. Only valid bytes
are written. When whole words are present in the packer, word transfers are used. For any
remaining bytes, up to a maximum of three, byte transfers are used. Since each
packer/unpacker unit can hold four words, potentially, the maximum number of bus
transfers performed between the packer/unpacker unit and memory is six. The maximum
transfer count can be any arbitrary number of bytes.

9.1.1.1 DMA Addressing

The DMA Controller does not utilize the core’s Memory Management Unit. Therefore, all
DMA accesses must use physical addresses, not virtual addresses.

The start address of a DMA transfer can be aligned to any arbitrary byte boundary. At the start
of a receive or transmit data transfer, the AHB Master interface uses the four least-significant
bits (LSB) of the current DMA address to determine the data transfer size to use:

* When bits [3:0] are 0, the first transfer is performed by a quad word access.

* When bits [1:0] are zero and bit 3 or bit 2 is nonzero, the first transfer is performed by a
word access.

Word transfers continue, until the LSB of the address indicates the address is quad-word
aligned. The current address is incremented by one word for each transfer. When the start
address is not word aligned, the first transfer is a byte transfer and the current address is
incremented by one byte each time until the current address becomes word aligned.
Transfers are then performed as word transfers until the address is quad-word aligned. If
the address becomes quad-word aligned immediately, quad-word transfers are used.

The end of the transfer is signalled by the transfer count being reached or by the periph-
eral. In the latter case, any data remaining in a packer unit is written to memory. Any data
in an unpacker or the transmit FIFO is considered invalid and therefore discarded.

The data may not form a complete quad-word. When an incomplete quad-word is present,
data is transferred to memory by either word or byte accesses. The number of valid bytes
remaining to be transferred is used to control the type of access:

e For 16 bytes, a quad word transfer is performed

e For less than 16 and more than four bytes, word transfers are performed until the
number of bytes is less than four

* For fewer than four bytes, byte transfers occur until all data has been transferred.
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When the peripheral ends the transfer with an error code, an interrupt is generated and
operation continues as normal using the next buffer to ensure that a minimal amount of
data is lost. The point at which the transfer failed can be determined by reading the
channel’s current address register for the last buffer.

The AHB slave interface is used to access all control and status registers.

9.1.2 Peripheral DMA Bus Interface

The DMA supports five peripheral interfaces. Data is transferred between the peripheral
and the DMA controller using a request/acknowledge handshake. Transfers are synchro-
nous to the rising edge of the system bus clock. Resynchronization is performed within the
peripheral if it uses a different clock domain.

The DMA Controller memory access latency is compensated by FIFOs in the peripherals.

For a peripheral-to-DMA controller transfer, the sequence of events that typically occurs is:

¢ The peripheral places data on the peripheral DMA bus and asserts a transfer request to
the DMA controller on the rising edge of the peripheral clock (PCLK).

* The DMA controller recognizes the request, reads data and asserts a transfer acknowl-
edge to the peripheral on the next AHB clock (HCLK) rising edge.

* The peripheral senses the acknowledge on the next PCLK rising edge, deasserts the
transfer request signal and invalidates the data on the DMA bus.

* This continues until an end of transfer condition is signalled by the peripheral or the
DMA controller.

For a DMA controller-to-peripheral transfer, the sequence of events is typically:

¢ The DMA controller places data on the peripheral DMA bus and asserts a transfer
request to the peripheral on the rising edge of HCLK.

* The peripheral recognizes the request, reads data and asserts a transfer acknowledge
to the peripheral on the next PCLK rising edge.

* The DMA controller senses the acknowledge on the next HCLK rising edge, deasserts
the transfer request signal and invalidates the data on the DMA bus.

* This continues until an end of transfer condition is signalled by the peripheral or the
DMA controller.

PCLK and HCLK are synchronously aligned, with the division of HCLK performed by
removing pulses from PCLK. Because PCLK operates at HCLK/2 to HCLK/8, the DMA
Controller extends the appropriate signals to allow the slower APB peripheral to respond.

9.1.3 Interrupt Interface

Each of the 10 DMA channels (five channels in each direction) generates a single interrupt
signal. All 10 interrupts are combined and passed as a single DMA interrupt to the
LH7A400 interrupt controller.
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9.1.4 Data Packers and Unpackers

Under normal operating conditions, the DMA controller transfers data to and from the sys-
tem memory in four-word bursts. The peripheral DMA bus protocol is used to transfer data
to and from the peripherals as single bytes. To build the quad word bursts from the single
bytes received from the peripheral, the DMA controller uses the Receive Burst Packers.
To decompose the quad word bursts into byte transfers to the peripherals, the Transmit
Burst Unpackers are used.

The data received on each of the three peripheral receive DMA buses is transferred into
an internal receive packer unit. The packer unit converts the byte-wide data, received from
the peripheral, into words to be transferred over the AHB to the memory. The packer unit
stores four words (one quad word) of data. Memory access latency is compensated by
FIFOs within each peripheral.

Transmit data is fetched from system memory by the AHB Master interface and placed into
the transmit unpacker. The transmit unpacker converts the quad-word burst of DMA data
into byte data for transmission over the transmit peripheral DMA bus. The transmit
unpacker contains four words (one quad word) of storage. Memory access latency is com-
pensated by FIFOs within the peripheral.

The number of byte-data transfers over the peripheral DMA bus are counted by the packer
or unpacker unit. When the number of bytes transferred reaches the maximum transfer
count, the data from the packer unit is flushed to memory or any data remaining in the
unpacker unit is invalidated.

9.1.5 DMA State Machine

The DMA Controller initiates data transfer in the receive direction when either:
* A packer unit becomes full

* A packer unit, depending on the next address access, contains enough data for an
unaligned byte or word access.

Either of these cases causes the DMA Controller to stop data transfers in the receive
direction and move to the next buffer:

* The peripheral indicates the end of received data or a receive error. Regardless of the
previous alignment, this indication causes the AHB Master interface to write any valid
data in the receive packer to main memory.

* The number of bytes transferred from a receive peripheral reaches the maximum count.
This is counted as the number of bytes transferred over the AHB, plus the number of
bytes currently in the receive packer written by the peripheral.

When the DMA Controller stops receive data transfers and prepares to move to the
next buffer:

* Aninterrupt is generated to the LH7A400 interrupt controller, if enabled, to request a
new buffer allocation.

e The Channel Status Register NEXTBUFFER field is updated to indicate which pair of
buffer descriptor registers to be used for the next buffer.

NXP Semiconductors Ver. 1.3 — 27 August 2007 9-5



Direct Memory Access (DMA) Controller LH7A400 User’s Guide

The DMA Controller initiates data transfers in the transmit direction when an unpacker unit
becomes empty.

The DMA Controller stops data transfer in the transmit direction and updates the Channel
Status Register to specify the next buffer, when either:

* The final transfer in the transmit data stream occurs. Any data remaining in the unpacker
unit is considered invalid and flushed.

* The byte count limit is reached.

Bursting across buffers cannot be performed in either the transmit or the receive direction.
Buffer pairs can be discontiguous when the address equals the address of the previous
transfer plus the transfer size in bytes.

The data transfer size is flexible because the start address of a DMA transfer can be
aligned to any arbitrary byte boundary. The maximum transfer count can be any arbitrary
number of bytes. At the start of a transmit or receive data transfer, the four LSB of the
current DMA address are used to decide on the data transfer size to use, as shown in
Table 9-2. Byte or word data transfers are performed until the Current DMA address is
quad-word aligned, after which quad-word data transfers are performed.

Each DMA channel is controlled by a state machine, as shown in Figure 9-3, which deter-
mines whether the channel is transferring data and whether it is currently generating an
interrupt. The states are also described in Table 9-3.

Table 9-2. Data Transfer Size Determination

CURRENTX[3:0] TRANSFER SIZE

0000 Quad-word access, when four or more word addresses remain.
0100, 1000, 1100 | Word access
xx01, xx10, xx11 | Byte access

Table 9-3. DMA Operating States

STATE OPERATION
The DMA Channel enters the IDLE state when the channel is disabled via the

IDLE CONTROL register.
The DMA Channel enters the STALL state when the channel is enabled. No STALL
interrupt is generated for this condition. The DMA Channel enters the STALL state when
a buffer completes in the ON state. A STALL interrupt is generated for this condition. The
STALL DMA Channel FSM enters the STALL state and terminates the current buffer when a pe-

ripheral error occurs in the ON state, when ICE is not enabled. The DMA Channel FSM
enters the STALL state and terminates the current buffer when a peripheral error occurs
in the NEXT state, with ABORT is active and ICE is not enabled. No STALL interrupt is
generated for this condition. No data transfers occur in this state.

The DMA Channel enters this state when a base address is written in the Stall state.
ON Data transfers occur in this state. The DMA Channel enters this state when the current
buffer expires in the Next state, and a NFB interrupt is generated.

The DMA Channel enters this state when a base address register is written in the ON

NEXT state. Data transfers occur in this state.

9-6
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Figure 9-2. DMA State Machine
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9.1.6 Bus Arbitration

The bus arbitration logic operates as a slave because an external bus arbiter exists. The
DMA Controller generates an external bus request when an internal request is pending.
After data initiation, the DMA Controller arbitrates internally between the DMA Channels
and then performs AHB bus transfers. The internal arbitration scheme uses a rotating
priority, with 1 being the highest priority and 10 the lowest priority. The initial priority list,
following Reset, is:

MMC Receive

MMC Transmit

USB Receive

USB Transmit

AC97 Receive 0

AC97 Transmit O

AC97 Receive 1

AC97 Transmit 1

. AC97 Receive 2

10. AC97 Transmit 2

© O N Ok~ N~

With this rotating priority scheme, the most recent channel to be serviced becomes the
lowest priority channel (priority 10) with the others rotating accordingly. In addition, any
device requesting service is guaranteed to be recognized after no more than eleven higher
priority services occur. This prevents any one channel from monopolizing the system.

The DMA Controller transfers data when it gains ownership of the AHB bus. With the byte,
word, and quad-word transfer scheme, the DMA Controller can never burst across a 1KB
boundary. The DMA Controller only bursts when the four LSB Address bits are 0000. For
a 1KB boundary, the LSB 10 Address bits are 0.
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9.2 Register Reference

9.2.1 Memory Map

Table 9-4 defines the DMA controller mapping for each of 10 channels. Each of these

channels has an identical set of programming registers, as shown in Table 9-5, using off-
sets from the individual channel base addresses shown in Table 9-4.

Table 9-4. DMA Channel Memory Map

BASE ADDRESS

DESCRIPTION

0x8000.2800

USB Tx Channel

0x8000.2840

USB Rx Channel

0x8000.2880

MMC Tx Channel

0x8000.28C0

MMC Rx Channel

0x8000.2900 - 0x8000.29FF

Reserved

0x8000.2A00 AC97 Receive Channel 0
0x8000.2A40 AC97 Transmit Channel 0
0x8000.2A80 AC97 Receive Channel 1
0x8000.2AC0 AC97 Transmit Channel 1
0x8000.2B00 AC97 Receive Channel 2
0x8000.2B40 AC97 Transmit Channel 2
0x8000.2B80 Reserved
0x8000.2BCO DMA Gilobal Interrupt
0x8000.2BC4 - 0x8000.2BFF Reserved
Table 9-5. Channel Register Map
AODII-')FRSI?EiS NAME DESCRIPTION

0x00 CONTROL | DMA Channel Control Register

0x04 INTERRUPT | DMA Channel Interrupt Register

0x08 Reserved Reserved; Do Not Access

0x0C STATUS DMA Channel Status Register

0x10 Reserved Reserved; Do Not Access

0x14 REMAIN DMA Channel Bytes Remaining Register

0X18 Reserved Reserved; Do Not Access

0X1C Reserved Reserved; Do Not Access

0x20 MAXCNTO | DMA Channel Maximum Bytes Register 0

0x24 BASEO DMA Channel Base Address Register 0

0x28 CURRENTO | DMA Channel Current Address Register 0

0x2C Reserved Reserved; Do Not Access

0x30 MAXCNT1 DMA Channel Maximum Bytes Register 1

0x34 BASE1 DMA Channel Base Address Register 1

0X38 CURRENT1 | DMA Channel Current Address Register 1

0X3C Reserved Reserved; Do Not Access
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9.2.2 Register Descriptions
The following sections describe the contents and use of the register bit fields. Each chan-
nel has an individual set of the registers described in this section. The Channel Base
Addresses for each register bit diagram are listed in Table 9-4.

9.2.2.1 DMA Channel Control Register (CONTROL)

The channel CONTROL register, described in Table 9-6 and Table 9-7, is provided for
configuration of the DMA channel. The Channel Error Interrupt Enable (ChErrorintEn),
New FIFO Buffer Interrupt Enable (NFBIntEn), and Stall Interrupt Enable (STALLINtEN)
bits in this register are bit-wise logically ANDed with the corresponding STATUS register
bits to assert interrupts in the INTERRUPT register. The ChErrorIntEn status is further
qualified by the ICE and ABORT fields.

Table 9-6. CONTROL Register

BIT 31‘30|29‘28‘27‘26‘25|24‘23‘22|21‘20‘19‘18‘17|16
FIELD i
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO|RO/| RO
BIT 15 | 14 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
< c
L
| E| 3| E -
FIELD I S| Q| 2|8 |#M 5 | 3
RESET| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO RO | RO | RO | RO | RO | RO |RW | RW | RW | RW | RW | RW | RW
ADDR Channel base address + 0x00
Table 9-7. CONTROL Fields
BITS FIELD DESCRIPTION
317 " Reserved Reading this field returns 0. Values written cannot be read.
Interrupt Control Enable
1 = Suppress ChErrorint interrupt generation without buffer termination.
6 ICE For example, set ICE for data streams where the end user is intolerant
of occasional bit errors.
0 = Do not suppress ChErrorint generation
Abort Specifies the DMA channel state machine behavior in the NEXT state
and after receipt of a peripheral error, as indicated by RxEnd and TxEnd:
1 = NEXT transitions to STALL state, disabling the channel. No STALLInt
5 ABORT . )
interrupt is set.
0 = NEXT transitions to ON state
When ICE is set, ABORT has no effect.

9-10
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Table 9-7. CONTROL Fields (Cont’d)

BITS

FIELD

DESCRIPTION

ENABLE

Channel Enable Enable the channel before writing the base
address register.

1 = Enables the channel
0 = Disables the channel, discarding any remaining unpacker or
packer data

ChErrorintEn

Channel Error Interrupt Enable The ChError interrupt indicates a buffer
transfer error.

1 = Enables the ChError interrupt.
0 = ChError interrupt is disabled (masked.)

"

Reserved Reading this field returns 0. When writing this register, ensure
this bit is 0.

NFBIntEn

New FIFO Buffer Interrupt Enable

1 = Enables NFB interrupt generation in the DMA channel ON state.
0 = Disables NFB interrupt generation.

When the channel is enabled, NFBIntEn is set in normal operation.
Program this field to 0 in the following situations:

e The current buffer is the last buffer.

e The transfer consists of a single buffer.

STALLIntENn

Stall Interrupt Enable

1 = Enables STALL interrupt generation in the DMA channel STALL state.
0 = Disables STALL interrupt generation.

NXP Semiconductors
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9.2.2.2 DMA Channel Interrupt Register (INTERRUPT)

The channel INTERRUPT register, described in Table 9-8 and Table 9-9, shows the
enabled and asserted DMA channel interrupts. The Channel Error Interrupt (ChErrorint),
New FIFO Buffer Interrupt (NFBInt), and Stall Interrupt (STALLINt) fields in this register are
a bit-wise logical AND of the corresponding CONTROL and STATUS register fields. The
OR of these three fields is sent to the LH7A400 interrupt controller as the DMAINTR IRQ
interrupt. The ChErrorint interrupt is further qualified by the CONTROL:ICE and
CONTROL:ABORT fields.

The NFBInt and STALLInt interrupts are cleared automatically when the corresponding
cause is resolved. To clear ChErrorint in both the STATUS and INTERRUPT registers,
write any 32-bit value to the INTERRUPT register.

Table 9-8. INTERRUPT Register

BIT 31|30|29‘28|27|26‘25|24|23|22|21‘20|19|18‘17|16

FIELD "

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TYPE RO RO | RO RO RO | RO RO RO | RO RO | RO RO RO | RO RO RO

BIT 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
= - =
5 i= S

FIELD " E /i m -
w w fj
5 “ |5

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TYPE RO RO | RO RO RO | RO RO RO | RO RO | RO RO | RW | RW | RW | RW

ADDR Controller base address + 0x04

Table 9-9. INTERRUPT Fields
BITS FIELD DESCRIPTION
31:4 " Reserved Reading this field returns 0. Values written cannot be read.

Channel Error Interrupt

1 = The peripheral attached to the DMA channel has detected an error in the data

3 | ChErrorint stream. A peripheral communicates this situation by ending the current transfer
with a TXxEnd or RXEnd error response.

0 = No data stream error detected.

2 mn Reserved Reading this field returns 0. When writing this register, ensure this bit is 0.
New FIFO Buffer Interrupt

1 NFBInt | 1=The channel requires a new buffer. This interrupt is generated on a
channel state machine transition from NEXT to ON state, when NFBIntEn is set.
0 = New buffer is not required.

Stall Interrupt

1 =The channel has stalled. This interrupt is generated on a channel state machine

0 STALLInt transition from ON to STALL state, when STALLINtEN is set. This critical interrupt
indicates an overflow or underflow condition will occur as soon as the peripheral
FIFO is full or empty, respectively.

0 = The channel is active; no stall condition.

9-12
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9.2.2.3 DMA Channel Status Register (STATUS)

The channel STATUS register, described in Table 9-10 and Table 9-11, shows the raw
status of the DMA interrupts. If a buffer transfer terminates prior to completion, the Channel
Error Interrupt (ChErrorint) is asserted. The ChErrorint, New FIFO Buffer Interrupt
(NFBInt), and Stall Interrupt (STALLINt) fields in this register are bit-wise logically ANDed
with the corresponding CONTROL register fields to assert interrupts in the

INTERRUPT register. The ChErrorint status is further qualified by the CONTROL:ICE and
CONTROL:ABORT fields.

The NFBInt and STALLInt interrupts are cleared automatically when the corresponding
cause is resolved. To clear ChErrorint in both the STATUS and INTERRUPT registers,
write any 32-bit value to the INTERRUPT register.

Table 9-10. STATUS Register
BIT 31|30|29‘28|27|26‘25|24|23|22|21‘20|19|18‘17|16
FIELD il

RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE RO | RO | RO | RO | RO | RO | RO |RO | RO|RO|RO|RO|RO]|RO|RO|RO

BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
s 2
9] © =
5 o e o | I

FIELD " BYTES m c w n L <
% [ < z =
) 5 (&) n
= o

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TYPE RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO|RO|RO|RO/| RO
ADDR Channel base address + 0x0C

Table 9-11. Status Fields
BITS FIELD FUNCTION

31:12 " Reserved Reading this field returns 0. Values written cannot be read.

Number (hex) of valid DMA data bytes currently stored by the channel in
the DMA Controller packer or unpacker.

Next Buffer Identifies the BASEx and MAXCOUNTX register pair avail-
able for update:

1 = Update MAXCNT1 and BASE1.
0 = Update MAXCNTO and BASEDO.

Current State Identifies the current channel state:

11:7 BYTES

6 NextBuffer

11 = NEXT
5:4 | CurrentState | 10 = ON
01 = STALL
00 = IDLE
3 I Reserved Reading this field returns 0. Values written cannot be read.

Channel Error

2 ChError 1 = The last buffer transfer terminated with an error
0 = The last buffer transfer completed without an error
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Table 9-11. Status Fields (Cont’d)
BITS FIELD FUNCTION

New FIFO Buffer Announces when the next buffer is ready:

1 = In ON State and ready for the next buffer BASE and MAXCOUNT
updates, indicating the channel operation has changed from NEXT

1 NFB state to ON state. The channel is currently transferring data from a
DMA buffer but the next base address for the next buffer in the transfer
has not been programmed, and can now be programmed. This condi-
tion generates the NFB interrupt when the interrupt is unmasked.

0 = Not in ON state and not ready for the next buffer update.

Stall

1 = The channel is stalled and cannot currently transfer data because no
base address has been programmed. When the channel is first enabled,
the Stall bit is suppressed until the first buffer has been transferred. The

0 Stall stall interrupt is generated only when the STALL state is entered from
the ON state, not when the STALL state is entered from the IDLE state.
To clear the STALL state, write a base address or disable the DMA
channel. To find the reason for the STALL, read the REMAIN register.

0 = The channel is not stalled and operating normally.
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9.2.2.4 DMA Channel Bytes Remaining Register (REMAIN)

The channel bytes remaining register, described in Table 9-12 and Table 9-13, reports the
number of bytes remaining in the current DMA transfer.

Table 9-12. REMAIN Register

BIT 31 [ 30 |29 | 28 [ 27 [ 26 [ 25 |24 [ 23 [ 22 |21 [ 20|19 | 18] 17| 16
FIELD m
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO|RO]|RO
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 (]
FIELD REMAIN
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO|RO]|RO
ADDR Channel base address + 0x14
Table 9-13. REMAIN Fields
BIT | FIELD FUNCTION
31:16 Reserved Reading this field returns 0. Values written cannot be read.
Channel Bytes Remaining
Nonzero = The DMA transfer was stopped by TXEnd or RXEnd from the
peripheral. Software can use this value to determine the data remaining in
the buffer.
0 = The buffer transfer has completed, generating TxTC or RXTC. The DMA
15:0 | REMAIN state machine decrements by one byte for every byte transfer between the
’ DMA controller and the peripheral. When this count reaches 0, the current
buffer transfer is complete and the TxTC or RxTC is generated.
When the channel enters ON state, the channel MAXCNT value is loaded into
REMAIN. Of the two data transfer states, ON and NEXT, only the ON state
requires assigning this register. In the ON state, the next buffer to be used is
known because only one buffer can be used.

NXP Semiconductors
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9.2.2.5 DMA Channel Maximum Count Register (MAXCNTI[1:0])

The maximum count register, described in Table 9-14 and Table 9-15, specifies the
maximum number of bytes in a buffer.

Table 9-14. MAXCNT[1:0] Register

BIT 31 [ 30 |29 | 28 [ 27 [ 26 [ 25 |24 [ 23 [ 22 |21 [ 20|19 | 18] 17| 16
FIELD m
RESET 0
TYPE RO
BIT 15 1413|1211 ]10]9[8|7][6]|5]|a][3]|2]1]0
FIELD MAXCNT
RESET 0
TYPE RW
ADDR Channel base address + 0x20 for MAXCNTO
Channel base address + 0x30 for MAXCNT1
Table 9-15. MAXCNT[1:0] Fields
BITS | FIELD DESCRIPTION
31:16 I Reserved Reading this field returns 0. Values written cannot be read.
Maximum byte count for the current (MAXCNTO register) or next (MAXCNT1
15:0 | MAXCNT | register) buffer, representing the double buffer in each channel. Program each
MAXCNT register before programming the corresponding BASE register.

9.2.2.6 DMA Channel Transfer Base Address Register (BASE[1:0])

The transfer base address register, described in Table 9-16 and Table 9-17, specifies the
base address for the current and next DMA transfers.

Table 9-16. BASE[1:0] Register

BIT

31‘30|29‘28‘27‘26‘25|24‘23‘22|21‘20‘19‘18‘17|16

FIELD

BASE

RESET

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TYPE

RW | RW | RW | RW | RW | RW | RW | RW | RW | RBW | RW | RW | RW | RW | RW | RW

BIT

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

FIELD

BASE

RESET

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TYPE

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

ADDR

Controller base address + 0x24 for BASEQ
Controller base address + 0x34 for BASE1

Table 9-17. BASE[1:0] Fields

BITS

FIELD DESCRIPTION

31:0

The buffer 0 (BASEQO register) and buffer 1 (BASE1 register) DMA transfer
addresses. Using this field involves these steps:

1. Enter STALL state by enabling the DMA channel.

2. Enter ON state by loading the start addresses into BASEO and BASE1.

BASE
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9.2.2.7 DMA Channel Current Address Register (CURRENT[1:0])
The current address register, described in Table 9-18 and Table 9-19, identifies the base

address for the transfer.

Table 9-18. CURRENT[1:0] Register

BIT 31 [ 30 |29 | 28 [ 27 [ 26 [ 25 |24 [ 23 [ 22 |21 [ 20|19 | 18] 17| 16
FIELD CURRENT
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO|RO]|RO
BIT 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
FIELD CURRENT
RESET | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TYPE | RO | RO | RO | RO | RO | RO | RO |RO|RO|RO|RO|RO|RO|RO|RO]|RO
ADDR Channel base address + 0x28 for CURRENTO
Channel base address + 0x38 for CURRENT1
Table 9-19. CURRENT]([1:0] Fields
BITS FIELD DESCRIPTION
After software enables the DMA channel and writes the base address
register (BASE[0] or BASE[1], the DMA loads the base address register
value into the corresponding CURRENT][1:0] register. This load activates
31:0 | CURRENT | the DMA buffer [1:0], respectively. After transfer from a buffer completes,
the corresponding CURRENT channel address register contains the actual
count reached. A software service routine can use this count to discover
where in the buffer the transfer terminated.
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9.2.2.8 DMA Gilobal Interrupt Register (GLOBALINTERRUPT)

The global interrupt register, described in Table 9-20 and Table 9-21, reports the global
interrupt status for each channel. Each interrupt field corresponds to a channel and is a
logical OR of the channel interrupt register. No dedicated storage is available for these
channel interrupts. To clear a global interrupt for a channel, clear the corresponding
channel interrupt register.

Table 9-20. GLOBALINTERRUPT Register

BIT 31’30|29‘28’27‘26‘25|24‘23’22|21‘20’19‘18‘17|16

FIELD n

RESET| 0 | 0 | o] o] o] oJoJoJo]oJ]o]o]o]ol]ol]o

TYPE (RO |RO|RO|RO|RO|RO|RO|[RO|RO|RO|RO|RO|RO|RO][RO| RO

BIT 15 14|13 |122]11[10] 9] 8|7 6|5 ] a]3]|2]1 0
z|lz 2|2 |2|l2|E|&5|t |t
< <C < <C < <

RESET| o | o o] o] o] o] o] o] o] o] o] o] o] o] ol]o

TYPE | RO |RO |RO |RO |RO |RO | RO | RO|RO|RO|RO| RO | RO | RO | RO| RO

ADDR 0x8000.2BCO

9-18
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Table 9-21. GLOBALINTERRUPT Field

BITS FIELD DESCRIPTION
31:10 " Reserved Reading this field returns 0. Values written cannot be read.

AC97 Channel 2 Transmit Interrupt

9 AC97TX2INT | 1 = The AC97 controller channel 2 transmit interrupt is asserted.
0 = The AC97 controller channel 2 transmit interrupt is not asserted.
AC97 Channel 2 Receive Interrupt

8 AC97RX2INT | 1 = The AC97 controller channel 2 receive interrupt is asserted.
0 = The AC97 controller channel 2 receive interrupt is not asserted.
AC97 Channel 1 Transmit Interrupt

7 | AG97TX1INT | 1 = The AC97 controller channel 1 transmit interrupt is asserted.
0 = The AC97 controller channel 1 transmit interrupt is not asserted.
AC97 Channel 1 Receive Interrupt

6 AC97RX1INT | 1 = The AC97 controller channel 1 receive interrupt is asserted.
0 = The AC97 controller channel 1 receive interrupt is not asserted.
AC97 Channel 0 Transmit Interrupt

5 ACO7TXOINT | 1 = The AC97 controller channel 0 transmit interrupt is asserted.
0 = The AC97 controller channel 0 transmit interrupt is not asserted.
AC97 Channel 0 Receive Interrupt

4 | AC97RXOINT | 1 = The AC97 controller channel O receive interrupt is asserted.
0 = The AC97 controller channel O receive interrupt is not asserted.
MMC Receive Interrupt

3 MMCRXINT | 1 = The MMC controller channel receive interrupt is asserted.
1 = The MMC controller channel receive interrupt is not asserted.
MMC Transmit Interrupt

2 MMCTXINT |1 = The MMC controller channel transmit interrupt is asserted.
0 = The MMC controller channel transmit interrupt is not asserted.
USB Receive Interrupt

1 USBRXINT | { = The USB controller channel receive interrupt is asserted.
0 = The USB controller channel receive interrupt is not asserted.
USB Transmit Interrupt

0 USBTXINT | 1 = The USB controller channel transmit interrupt is asserted.
0 = The USB controller channel transmit interrupt is not asserted.
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Chapter 10
Color LCD Controller

This chapter discusses the LH7A400 Color LCD Controller (CLCDC) and its Advanced
LCD Interface Peripheral (ALI) for AD-TFT, HR-TFT panels, and any technology of panel
compatible with this signal system. The ALI-specific description begins in section 10.2.1.

10.1 Introduction

The CLCDC provides all necessary control and data signals to interface the LH7A400
directly to a variety of color and monochrome LCD panels, including STN and TFT panels.
The ALI modifies the CLCDC output to allow the LH7A400 to connect directly to the Row
and Column driver chips on superthin panels, including AD-TFT, HR-TFT, or any panel
that supports this method of connection. Figure 10-1 shows a simplified diagram of the two
controllers connected to the AHB, to the APB, and to each other.

32

ADVANCED
HIGH-PERFORMANCE
BUS (AHB)
32
COLOR LCD
CONTROLLER ADVANCED
PERIPHERAL
BUS (APB)
ADVANCED LCD
INTERFACE (ALI) INTERNAL
TO THE
LH7A400
EXTERNAL
TO THE
LCD PANEL LH7A400

LH7A400-180

Figure 10-1. LH7A400 LCD System, Simplified Block Diagram
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10.1.1 LCD Panel Architecture

The CLCDC has an AHB slave interface to its registers and an AHB master interface for
the LCD data. The ALI has an APB slave interface to its registers. Image data flows from
the AHB, through the CLCDC and the ALI, to an external LCD panel. Although a particular
LCD panel may not require the ALI, the ALI must be correctly programmed because all
LCD data passes through it, even if it is set to bypass mode for STN and TFT applications.

Modern technology panels, including AD-TFT and HR-TFT panels, are thinner than ever.
To achieve maximum space savings, they are manufactured without the large ASICs and
DC-DC converter blocks built into STN and TFT panels. See Figure 10-2.

The ASIC in STN and TFT panels decodes input data into Row and Column information
and builds the timing signals. It supplies this information to the panel’s Row and Column
driver chips to set the proper pixels at the proper intensity and at the proper times. The DC-
DC converter runs the panel’s power supplies and illuminator. Including these devices in
STN and TFT panels, however, comes at the cost of bulk and weight.

The ALI eliminates the need for a separate timing ASIC, since it is able to drive the panel’s
Row and Column driver chips directly. The DC-DC conversion is also handled off-panel,
by a separate device operating the panel’s high voltage supplies and illuminator. The DC-
DC conversion must be handled by a separate device, since the LH7A400 does not supply
this function.

Unless the behavior is different, this User's Guide uses the term TFT to discuss all types
of TFT panels whether the panel requires timing support from the ALI or not.

DISPLAY > TIMING
SIGNALS ASIC

LCD PANEL ASSEMBLY

I |
I |
I |
| ROW TIMING '
I |
I |
| \ |
| 2 '
s |
: = LCD I
z PANEL |
| = GLASS |
-
DC/DC 4’: 9 |
CONVERTER | |
|

—— — — — —— —— — — — — — — — —

LH7A400-191

Figure 10-2. Block Diagram of a Typical Advanced LCD Panel
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10.1.2 Features

The following parameters can be programmed in the CLCDC:
* Horizontal front and back porch width

* Horizontal synchronization pulse width

* Number of pixels per line

* Vertical front and back porch width

* Vertical synchronization pulse width

* Number of horizontal lines per panel

* Number of panel data clocks per line

* Programmable signal polarities, active HIGH or active LOW
* AC panel bias

* Panel data clock frequency (LCDDCLK)

* Bits-per-pixel

* Little-endian, big-endian, and WinCE™ data formatting

* Interrupt generation.

10.1.3 Theory of Operation

The CLCDC, shown in Figure 10-3, retrieves image data from a frame buffer, formats the data
for the LCD panel, and writes it to the panel. The CLCDC also generates the control signals
that enable the panel to display the formatted data.

Raw image data is stored in a frame buffer, which can be located in internal static memory
or in external SDRAM (external SRAM cannot be used). The CLCDC retrieves raw image
data from the frame buffer by its own dedicated two channel DMA and formats the data as
programmed. The CLCDC supports little-endian, big-endian, or WinCE pixel ordering in the
frame buffer. WinCE pixel ordering is big-endian within a byte and little-endian within a word.
The CLCDC can function as an AHB Master, and has the highest priority of the three
LH7A400 AHB Masters.

The CLCDC utilizes two clock signals operating at considerably different frequencies. The
two clocks need not be synchronous. DMA operations that access the frame buffer use the
AHB (fast) clock. A second, slower clock drives the logic that creates the control signals and
presents formatted data to the LCD panel. Although DMA operations always occur at the
internal AHB rate, the LCD panel logic can be driven by an internally-generated clock or by
an external clock source. In either case, the panel operates at a much lower frequency than
the AHB. See Section 10.1.7 and Figure 10-5 for more information about the CLCDC clocks.

The CLCDC contains two DMA FIFO buffers for frame buffer data. The CLCDC requests
the AHB whenever the level of data in a FIFO falls below the programmed Watermark (four
or eight 32-bit words) for that FIFO. The CLCDC will not request the AHB unless a FIFO
can accept at least four words. If necessary, the CLCDC will insert AHB busy cycles to
ensure that the FIFOs are correctly written. When the CLCDC is granted access to the
AHB, it can service either or both FIFOs. Dual panels do not double the overhead associ-
ated with mastering the AHB.
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In the 1-, 2-, 4- or 8-Bit-Per-Pixel (BPP) modes, the data provides an index into a 16-bit

wide color Look-Up Table, called the Palette RAM. In the 16 BPP mode of operation the
Palette RAM is bypassed and the data is the actual pixel information. The 16 BPP mode
is a direct mode.

HCLK
LCD
PANEL
AHB
SLAVE cLebe gﬁggk CLOCK
INTERFACE REGISTERS GENERATOR
ADVANCED HIGH .
PERFORMANCE PANEL
BUS (AHB) TIMING CONTROL
_______________________ CONTROLLER "
I |
| |
| UPPER
UPPER UPPER UPPE
| PANEL  [|=s=| PANEL
I UPPER FORMATTER| |OUTPUTT |
| PANEL FIFO
DMA |
| FIFO |
I / |
I |
; | | LCD
STN/ | PANEL
_ AHB INPUT PIXEL (F1,A2I§E><ngl~5) GRAY | TFT | DATA
@ MASTER F~ FIFO = crpiniizer ™ (bypass for [TSCALER[™ — — — — ~ DATA
INTERFACE CONTROL |- " SELECT
16-bit mode)
| OWER LOWER LOWER | LOWER
PANEL | STN
PANEL PANEL  m={ /oo
DMA FORMATTER
FIFO FIFO
TFT
FIFO UNDERFLOW NTERRUPT | INTERRUPTS
AHB ERROR GENERATION =
LH7A400-67

Figure 10-3. CLCDC Block Diagram
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10.1.3.1 Memory Management Unit

The CLCDC Memory Management Unit (LCD MMU) contiguously maps the LCD memory
areas used in the embedded SRAM (eSRAM) and off-chip SDRAM. Typically the first
40KB of LCD data is stored in eSRAM with the balance stored in SDRAM.

The LCD MMU decodes the physical address generated by the CLCDC. If the addressed
area is within 1 MB of the beginning of eSRAM, but beyond the first 40KB, the LCD MMU
modifies the address by the address pointer contained in the OVERFLOW register, locat-
ing it within external SDRAM. Since the OVERFLOW register pointer is located on a 4KB
boundary, the lower three nibbles are unchanged. If the physical address is already within
external SDRAM, it is simply passed through unmodified.

In the example in Figure 10-4, a 300KB frame buffer is located with a physical base address
at 0xB000.A000 and an overflow area at Synchronous Memory Bank 0 (nSCS0). This base
address is the beginning of the upper 40KB of eSRAM, leaving the lower 40KB available for
a different application. Memory selected by nSCSO0 begins at physical address 0xC000.0000.
During CLCDC configuration, software programs the UPBASE register with 0xB000.A000
and OVERFLOW with 0xC000.0000. For the first 40KB of the frame buffer, the LCD MMU
accesses the upper 40KB of eSRAM. For the 260KB beyond physical address 0xB001.3FFC,
the MMU uses OVERFLOW to offset the address instead of UPBASE.

A convenient design for handling large frame buffers is to use the LH7A400 MMU to map
the eSRAM and external parts of the frame buffer as a contiguous address range. For
information on the LH7A400 MMU, see the ARM922T MMU documentation available from
ARM, Ltd.

PHYSICAL
ADDRESS DESCRIPTION
0xC004.1000 End of frame
SDRAM (nSCS0) ;
260KB buffer extension
USED BY THE
FRAME BUFFER 0xC000.0000 OVERFLOW = Beginning of
frame buffer extension
40KB eSRAM | OXBOOT.8FFC ;azts‘g‘m address
USED BY THE
FRAME BUFFER | 0xB000.A000 UPBASE = Beginning of
40KB eSRAM frame buffer
USED BY
ANOTHER
APPLICATION 0xB000.0000 Beginning of
LH7A400 eSRAM
LH7A400-163

Figure 10-4. Large Frame Buffer Overflow Example

NXP Semiconductors Ver. 1.3 — 27 August 2007 10-5



Color LCD Controller LH7A400 User’s Guide

10.1.3.2 Dual-panel Color STN Operation

In the dual-panel color STN mode each FIFO (upper and lower) is fed by a separate DMA
channel. The image data to be displayed on the upper and lower panels is read from the
upper and lower regions of the frame buffer respectively and placed in the appropriate
FIFO. Requests to each DMA channel are independently generated by each FIFO, accord-
ing to the FIFO’s demand. Data in each FIFO is continuously transferred to the Pixel Seri-
alizer where the data is separated into 16-, 8-, 4-, or 1-bit sections, according to the mode.
The Pixel Serializer extracts the pixel data for the upper and lower panels on alternate
clock cycles and passes the pixel data to the Palette RAM. The Palette RAM consists of a
128 x 32-bit dual-port RAM logically organized as 256 x 16 bits.

Inthe 8, 4, 2, and 1 BPP modes the Palette RAM provides the pixel's physical color value,
passing the most significant 4 bits of each color bit field to the Grayscaler.

In the 16 BPP mode the Palette RAM is bypassed and the most significant 4 bits of each
color bit field of the Pixel Serializer’s output are passed directly to the Grayscaler. The
Grayscaler generates a 1-bit pixel for each color. Each 1-bit pixel will be either HIGH or
LOW for a particular pixel on the display, in a particular frame. Each color’s 1-bit Gray-
scaler output is passed to the appropriate Formatter, to form an 8-bit data value in the For-
matter's FIFO. The final data value for each pixel is output from the FIFO to the panel at
2-2/3 pixels per LCDDCLK cycle.

10.1.3.3 Dual-panel Monochrome STN Operation

In the dual-panel monochrome STN mode, image data is transferred from the frame buffer
to the CLCDC input FIFOs by DMA operation, as it is for dual-panel color STN displays.
Data also flows from these FIFOs, through the Pixel Serializer, to the Palette RAM in the
same manner. In this mode the Palette RAM requires only 16 entries because only 1, 2,
and 4 BPP formats are supported. Each Palette RAM entry represents 1 of 16 different dis-
playable levels of gray. The Grayscaler generates 1-bit pixels, each of which will be HIGH
or LOW for a particular pixel in a particular frame. The Grayscaler output is passed to the
appropriate Formatter, to form a 4-bit or an 8-bit data value in the Formatter’s (3 byte)
FIFO, depending upon the LCD interface. The final data value is output from the Format-
ter’'s FIFO to the LCD panel at a rate of either 4 or 8 pixels per LCDDCLK cycle, depending
upon the LCD interface.
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10.1.3.4 Single-panel Color STN Operation

In the single-panel color STN mode, the Formatter for the lower panel is disabled and the
upper and lower DMA FIFOs are utilized as a single FIFO of twice the capacity. Image data
is transferred from the frame buffer to the FIFO by DMA operation. The data in the FIFO

is split by the Pixel Serializer into 16-, 8-, 4-, 2-, or 1-bit sections, depending upon the pro-
grammed operating mode. The Pixel Serializer extracts the pixel data on every clock cycle
and passes it to the Palette RAM or directly to the Grayscaler, depending upon the mode.

In the 8, 4, 2, and 1 BPP modes, the Palette RAM functions in the same manner as for
dual-panel color STN displays.

Inthe 16 BPP mode, the Palette RAM is bypassed and the Pixel Serializer passes the most
significant 4 bits of each color bit field to the Grayscaler.

As in dual-panel Color STN operation, the Grayscaler generates a 1-bit pixel for each
color. Each 1-bit pixel will be either HIGH or LOW for a particular pixel in a particular frame.
The 1-bit pixel is passed to the upper Formatter to form an 8-bit data byte in the Formatter’s
output (3 byte) FIFO. The final data value is output from the FIFO at a rate of 2-2/3 pixels
per LCDDCLK cycle.

10.1.3.5 Single-panel Monochrome STN Operation

In the single-panel monochrome STN mode, the lower panel’s Formatter is disabled and
the image data is transferred by DMA operation from the frame buffer to the doubled FIFO,
as it is for single-panel color STN operation. The Pixel Serializer serializes the data and
passes it to the Palette RAM. The Palette RAM provides the physical gray value of the pixel
for 4, 2 or 1 BPP modes.

As in dual-panel Monochrome STN operation, the Grayscaler generates 1-bit pixels, each
pixel being either HIGH or LOW for a particular pixel in a particular frame. The chosen 1-
bit grayscale output is passed to the Formatter to form a 4-bit or 8-bit data byte, depending
upon the programmed width of the LCD interface (4 or 8-bits), and written to the (3 byte)
FIFO. The final data value for the LCD panel is output at a rate of 4 or 8 pixels per LCD-
DCLK cycle, depending upon the programmed width of the Interface.

10.1.3.6 TFT Operation

The TFT mode is functionally similar to the single-panel color STN mode except that the
Grayscaler and the Formatter are both bypassed. The image data is transferred by DMA
operation from the frame buffer to the doubled FIFO. Data from the FIFO is split by the
Pixel Serializer into 16-, 8-, 4-, 2-, or 1-bit sections, depending upon the programmed
operating mode.

In the 8-, 4-, 2-, or 1-BPP modes, the output of the Pixel Serializer is utilized as the Palette
index, to extract the physical color. The Palette data is written to the LCD panel.

In the 16-BPP mode, the Palette RAM is bypassed and the output of the Pixel Serializer is
directly utilized as the panel data.
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10.1.3.7 Storing Pixels in the Frame Buffer

Tables 10-1 and 10-2 show the physical data structure in each frame buffer corresponding
to the BPP combinations. The tables show only the first word of the data. In the tables ‘B’
represents blue, ‘G’ represents green, and ‘R’ represents red.

Table 10-1 describes color mode only. It shows the first word in the frame buffer for 16 BPP
direct color, 5:5:5 + intensity bit, and the BGR bit programmed to 0 (see Section 10.3.8 for
information about the BGR bit). For CSTN modes, the | bit and the least significant bit of
the R, G, and B fields are unused.

Table 10-2 shows the first word in the frame buffer for 16 BPP direct color, 5:6:5 and the
BGR bit programmed to 0 (see Section 10.3.8 for information about the BGR bit). It
describes TFT modes, including AD-TFT and HR-TFT panels.

Table 10-1. 16 BPP Direct, 5:5:5 + Intensity, BGR =0

BIT 31 |30 |29 |28 |27 |26 | 25 [ 24 |23 |22 |21 [20]19]18] 17| 16
FIELD % B Pixel 2 G Pixel 2 R Pixel 2
BIT 1_514\13\12|11\1o o [ s |7 |65 |a]3][2]1]o0
FIELD % B Pixel 1 G Pixel 1 R Pixel 1

Table 10-2. 16 BPP Direct, 5:6:5, BGR = 0 (TFT Only; includes AD-TFT and HR-TFT)

BIT 31 [ 30 | 29 [ 28 | 27 | 26 | 25 [ 24 [ 23 | 22 | 21 [ 20 | 19 | 18 [ 17 [ 16
FIELD B Pixel 2 G Pixel 2 R Pixel 2
BIT 51w [12][nn]w]e[8|7]6][5]a]3]2]1]o0
FIELD B Pixel 1 G Pixel 1 R Pixel 1

10.1.3.8 Pixel Serializer

The pixel serializer reads the 32-bit-wide LCD data from the output port of the LCD DMA
FIFO and extracts 12, 8, 4, 2, or 1 bits per pixel (BPP) data, depending on the operating
mode. In Dual Panel Mode, data alternately is read from the upper and lower LCD DMA
FIFOs. Depending on the operating mode, the extracted data is either used to point to a
color/gray scale value in the Palette RAM or directly applied to an LCD panel input.
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10.1.4 LCD Panel Resolution

LCD panel resolution is expressed as the addressable number of horizontal pixels with the
addressable number of vertical pixels. The CLCDC supports STN, TFT, AD-TFT and HR-
TFT LCD panels with a wide range of resolutions, including:

* 120 x 160

320 x 200, 320 x 240

640 x 200, 640 x 240, 640 x 480
800 x 600

* 1,024 x 768 (8 Bits-Per-Pixel MAX.)

10.1.4.1 Color and Gray Scale Selection

TFT, AD-TFT, and HR-TFT LCD panels utilize color palette RAM. For these panels, each
16-bit palette entry is composed of 5 Bits-Per-Pixel plus a common intensity bit. In addition,
the total number of supported colors can be doubled from 32,768 to 65,536 if the Intensity
bit is utilized and applied simultaneously to all three color components (R, G, and B). The
CLCDC can drive up to 16 data lines for standard and thin TFT panel modules. Whether
the LCD module requires the ALI to generate additional timing information does not affect
the data line usage. The selection of colors that the CLCDC can drive a TFT panel to dis-
play is determined by the number of video data lines wired to the panel. If all 16 video data
lines are wired to the TFT panel, 65,536 total colors are available. Possible settings are
listed in Table 10-3.

The number of different colors displayable on the TFT panel at one time is programmed
by the Bits-Per-Pixel (BPP) setting. Color and Monochrome STN panels are driven by a
gray-scale algorithm. For Monochrome STN displays, this algorithm provides 15 different
levels of gray. In the case of Color STN displays, the three color components (red, green,
and blue) are simultaneously gray-scaled. The simultaneous gray-scaling provides 3,375
(15 x 15 x 15) possible levels of gray.

If the BGR bit in the CONTROL register is 0, the CLCDC outputs the color value in the pal-
ette entry (for palettized modes) or in the frame buffer entry (direct mode) onto video data
lines. If the BGR bit is 1, then bits 4:0 of the palette entry or frame buffer entry are swapped
with bits 14:9 before they are output.

Table 10-3. Supported TFT, AD-TFT, and HR-TFT LCD Panels

BPP | SOURCE | TFT, AD-TFT AND HR-TFT (UP TO 16-BIT BUS)
1 | Palettized | 2 colors selected from 65,536 available colors
2 | Palettized | 4 colors selected from 65,536 available colors
4 | Palettized | 16 colors selected from 65,536 available colors
8 | Palettized | 256 colors selected from 65,536 available colors
16 Direct | 65,536 colors are encoded directly in the frame buffer
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Table 10-5 shows the bit-depths (Bits-Per-Pixel) supported for Monochrome STN panels.

Table 10-4. Supported Color STN LCD Panels

BPP | SOURCE | COLOR STN (SINGLE AND DUAL PANEL, 8-BIT BUS)
1 Palettized | 2 colors selected from 3,375
2 | Palettized | 4 colors selected from 3,375
4 Palettized | 16 colors selected from 3,375
8 | Palettized | 256 colors selected from 3,375
16 Direct 4:4:4 RGB. Requires 12 data lines, 4 BPP are unused.

NOTE: 3375 colors = (15 RED) x (15 BLUE) x (15 GREEN).

Table 10-5. Supported Mono-STN LCD Panels

MONO STN (SINGLE AND DUAL,
4- AND 8-BIT BUS)

Palettized | 2 gray scales selected from 15
2 | Palettized | 4 gray scales selected from 15

BPP | SOURCE

4 | Palettized | 16 gray scales selected from 15

The grayscaler transforms each 4-bit grayscale value into a sequence-of-activity per pixel,
over several frames. The effectiveness of this operation relies on the characteristics of
STN LCDs to produce a representation of a grayscale. Table 10-6 shows the intensity that
can be obtained from each of the 16 possible 4-bit palette combinations. Only 15 of the
combinations are useful because the 2 middle values produce the same result.

Table 10-6. Color STN Intensities From Grayscale Modulation

4-BIT PALETTE VALUE DUTY CYCLE' RESULTING INTENSITY?
0b0000 0/90 00.0%
0b0001 10/90 11.1%
0b0010 18/90 20.0%
0b0011 24/90 26.7%
0b0100 30/90 33.3%
0b0101 36/90 40.0%
0b0110 40/90 44.4%
Ob0111 45/90 50.0%
Ob1000 45/90 50.0%
Ob1001 50/90 55.6%
0b1010 54/90 60.0%
Ob1011 60/90 66.6%
0b1100 66/90 73.3%
Ob1101 72/90 80.0%
0b1110 80/90 88.9%
Ob1111 90/90 100.0%
NOTES:

1. Duty cycle is determined by (pixels on + (pixels on + pixels off)).
2. Resulting intensity: 000% = black, 100% = white.
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10.1.5 CLCDC Interface Signals

The LCD interface signals generated by the CLCDC and the ALI are multiplexed with Gen-
eral Purpose 1/0 (GPIO) functions. These pins are set to GPIO functions at reset; LCD
interface signals must be selected by software. LCD interface signals function differently
for STN, TFT, AD-TFT, or HR-TFT panels. Table 10-7 lists only the different LCD interface
signals without showing the pins carrying LCD data, and shows which signal is utilized by
each of the supported types of panels.

Table 10-7. LCD Panel Interface Signals

PBGA RESET

PIN STATE STN SIGNAL TFT SIGNAL AD-TFT/HR-TFT SIGNAL
N9 | LCD, Output | LCDDCLK (Panel Data Clock) | LCDDCLK (Panel Data Clock) | LCDDCLK (Panel Data Clock)
P9 | LCD, Output LCDM (MCLK = AC Bias) LCDENAB (Data Enable)
R6 | LCD, Output LCDFP (Frame Pulse) LCDFP (Vertical Sync Pulse)
R8 | LCD, Output LCDLP (Line Sync Pulse) LCDLP (Horizontal Sync Pulse)
P2 | PC1, Output LCDPS (Power Save)
LCDVDDEN
R1 PC2, Output . LCDVDDEN (Digital (S:upply Enable or
(Digital Supply Enable) High Voltage Supply Control)
K6 | PC3, Output LCDREV (AC Bias)
L8 | PC4, Output LCDSPS (Row Reset)

T1 | PC5, Output

LCDCLS (Gate Driver Clock)

LCDHRLP

T2 | PC6, Output (Horizontal Sync Pulse)
R2 | PC7, Output LCDSPL (Line Start Pulse Left)
P7 | LCD, Output LCDVDO LCDVDO LCDVDO

R7 | LCD, Output LCDVD1 LCDVD1 LCDVD1

T7 | LCD, Output LCDVD2 LCDVD2 LCDVD2

N8 | LCD, Output LCDVD3 LCDVD3 LCDVD3

L10 PEO, Input LCDVD4 LCDVD4 LCDVD4

N10 | PET1, Input LCDVD5 LCDVD5 LCDVD5

M9 PE2, Input LCDVD6 LCDVD6 LCDVD6

M10 | PES3, Input LCDVD7 LCDVD7 LCDVD7

M11 | PDO, Output LCDVD8 LCDVD8 LCDVD8

L11 | PD1, Output LCDVD9 LCDVD9 LCDVD9

K8 | PD2, Output LCDVD10 LCDVD10 LCDVD10

N11 | PD3, Output LCDVD11 LCDVD11 LCDVD11

R9 | PD4, Output LCDVD12 LCDVD12 LCDVD12

T9 | PD5, Output LCDVD13 LCDVD13 LCDVD13

P10 | PD6, Output LCDVD14 LCDVD14 LCDVD14

R10 | PD7, Output LCDVD15 LCDVD15 (Intensity) LCDVD15 (Intensity)
J5 PAOQ, Output LCDVD16 (Always LOW)

K1 | PA1, Output

LCDVD17 (Always LOW)

NOTE:

*Some TFT panels can utilize this signal to control the high-voltage supplies.
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10.1.6 LCD Data Multiplexing

When LCD data is written to a LCD panel, the manner in which the LCD data is multiplexed
onto the external data bus varies for STN, TFT, AD-TFT, or HR-TFT panels. Table 10-8
shows the data multiplexing for each supported panel.

For example, Table 10-8 shows that a dual-panel, color STN display receives a total of 16
bits of data for each pixel, represented here as CLSTN[7:0] and CUSTN[7:0]. The Table
also shows that the display will receive the data for the lower panel on LCDVD[15:8] and
the data for the upper panel on LCDVDJ[7:0].

Table 10-8. LCD Data Multiplexing

STN
PBGA | CABGA | LCD MONO 4-BIT MONO 8-BIT COLOR AD-TFT
DATA TFT
PIN PIN HR-TFT
SIGNAL | SINGLE | DUAL | SINGLE | DUAL | SINGLE | DUAL
PANEL | PANEL | PANEL | PANEL | PANEL | PANEL

K1 K2 LCDVD17 LOW
J5 K1 LCDVD16 LOW
R10 T13 LCDVD15 MLSTN7 CLSTN?7 | Intensity | Intensity
P10 R12 LCDVD14 MLSTN6 CLSTN6 | BLUE4 BLUE4
T9 R11 LCDVD13 MLSTN5 CLSTN5 | BLUES3 BLUES
R9 T12 LCDVD12 MLSTN4 CLSTN4 | BLUE2 BLUE2
N11 T11 LCDVD11 MLSTN3 CLSTN3 | BLUEH1 BLUE1
K8 P10 LCDVD10 MLSTN2 CLSTN2 | BLUEO BLUEO
L11 K10 LCDVD9 MLSTN1 CLSTN1 | GREEN4 | GREEN4
M11 M9 LCDVD8 MLSTNO CLSTNO | GREEN3 | GREEN3
M10 R10 LCDVD7 MLSTNS3 | MUSTN7 | MUSTN7 | CUSTN7 | CUSTN7 | GREEN2 | GREEN2
M9 T10 LCDVD6 MLSTN2 | MUSTNG6 | MUSTN6 | CUSTN6 | CUSTN6 | GREEN1 | GREEN1
N10 K9 LCDVD5 MLSTN1 | MUSTNS5 | MUSTNS5S | CUSTN5 | CUSTN5S | GREENO | GREENO
L10 T9 LCDVD4 MLSTNO | MUSTN4 | MUSTN4 | CUSTN4 | CUSTN4 | RED4 RED4
N8 T8 LCDVD3 | MUSTN3 | MUSTN3 | MUSTN3 | MUSTN3 | CUSTN3 | CUSTN3 | REDS3 RED3
T7 R8 LCDVD2 | MUSTN2 | MUSTN2 | MUSTN2 | MUSTN2 | CUSTN2 | CUSTN2 | RED2 RED2
R7 P8 LCDVD1 | MUSTN1 | MUSTN1 | MUSTN1 | MUSTN1 | CUSTN1 | CUSTN1 RED1 RED1
P7 M8 LCDVDO | MUSTNO | MUSTNO | MUSTNO | MUSTNO | CUSTNO | CUSTNO | REDO REDO

NOTES:

1. The Intensity bit is identically generated for all three colors.

2. MUSTN = Monochrome Upper data bit for STN panel.

3. MLSTN = Monochrome Lower data bit for STN panel.

4. CUSTN = Color Upper data bit for STN panel.

5. CLSTN = Color Lower data bit for STN panel.

6. Connect to the LSB of the Red, Green, and Blue inputs of a 6:6:6 panel.

7. Recommended hookups for TFT 5:5:5 + Intensity and 5:6:5 are shown. This wiring requires the BGR bit in

the CONTROL Register to be 0.
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10.1.7 CLCDC Clock Generation

The CLCDC and the ALI are driven by a common clock which can be generated from either
HCLK or the 14.7456 MHz clock source. Figure 10-5 summarizes the LH7A400 CLCDC
clock generation.

~
TIMING2:CSEL
|
|
HCLK
C'ﬁg’( CLOCK
omce
CONTROLLER
14.7456 MHz
COLOR LCD
CLCDC
CLOCK CONTROLLER
TIMING2:BCD
! TIMING2:PCD TO THE
' cLcDC LCD
: INTERFACE
TIMING
STN ) Y GENERATOR
MODE OR
SELECT |ALI ¢
7 /
~
ALISETUP:CR
|
|
BYPASS MODE ALI
CONTROLLER
OR
MODE
SELECT | ALI
MODE ALI TIMING
DELAYS
/
INTERNAL TO
THE LH7A400
NOTE: Y
Q Circled numbers are LH7A400 pin numbers. E—ﬁTEELRFTfAI;lgoO
[Lcopeik]
Izl Register field values control operation.
7A400-68

Figure 10-5. LCDDCLK Clock Generation
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Together, the LH7A400 CLCDC and ALI generate all clock and timing signals required to
drive STN, TFT, AD-TFT, and HR-TFT panels. The CLCDC generates the signals for STN
and TFT displays. When enabled, the ALl intercepts the signals from the CLCDC and mod-
ifies their timing to drive AD-TFT/HR-TFT panels.

The CLCDC Panel Clock Generator and the CLCDC Timing Controller both receive the
CLCDC CLOCK signal from the LH7A400 Clock Generation system.The Timing Controller
uses the clock signal to generate frame pulse, line pulse, and AC bias signals for the LCD
panel. The Panel Clock Generator creates the LCDDCLK output signal, which has a
programmable period. The programmable period can vary the clock’s frequency from
(CLCDC CLOCK)/2 to (CLCDC CLOCK)/33, with a 50% Duty Cycle. In the Bypass mode,
the CLCDC CLOCK is directly used as the LCDDCLK signal.

10.1.8 LCD Interface Timing Signals

LCD interface timing signals are categorized as either horizontal or vertical timing signals.
These signals are created by the CLCDC, optionally modified by the ALI, and applied
directly to an external LCD panel with no additional external hardware required, except for
CGS panels.

10.1.8.1 LCD Horizontal Timing Signals

The horizontal components of LCD timing describe the process of writing one line of LCD
data to a LCD panel and include programmable delays before and after the data is written
to the panel. A line of data is composed of all pixel information for one displayed line. See
Section 10.5 for timing diagrams.

10.1.8.1.1 STN Horizontal Timing Restrictions

The CLCDC’s dedicated DMA system requests new data at the start of each horizontal dis-
play line. Time must be allowed for the DMA transfer operation to occur. Time must also

be allowed for the data to propagate down the FIFO path within the LCD interface. These
delays constitute LCD data path latency. The data path latency imposes some restrictions
on the usable minimum values for horizontal back porch width when operating in the STN
modes. The value restrictions are listed in Table 10-9.

Table 10-9. Usable Minimum Values Affecting STN Back Porch Width

HORIZONTAL TIMING VALUE | SINGLE-PANEL MODE | DUAL-PANEL MODE
TIMINGO:HSW 3 3
TIMINGO:HBP 5 5
TIMINGO:HFP 5 5
TIMING2:PCD 1 x (CLCD CLOCK/3) |5 x (CLCD CLOCK/7)

NOTE: The minimum value for PCD is 4.
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10.1.8.2 LCD Vertical Timing Signals

Data is written to an LCD panel in frames. Each frame is composed of a number of hori-
zontal lines. The vertical components of LCD timing describe the process of writing one full
frame to an LCD panel.

Each frame begins with a frame pulse or vertical synchronization pulse of programmable
duration. Each frame pulse is followed by a programmable dela