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Using This Guide

Review this section for basic information about the guide you are using, as
well as general support and contact information.

About this guide

This guide provides information about the Digi NS9360, a single chip 0.13um
CMOS network-attached processor. The NS9360 is part of the NET+ARM family of
devices.

The NET+ARM family is part of the NET+Works integrated product family, which
includes the NET+0S network software suite.

Who should read this guide

This guide is for hardware developers, system software developers, and
applications programmers who want to use the NS9360 for development.

To complete the tasks described in this guide, you must:

m  Understand the basics of hardware and software design, operating
systems, and microprocessor design.

n Understand the NS9360 architecture.
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This table shows where you can find specific information in the printed guides.

To read about See Vol

NS9360 key features Chapter 1, “About the NS9360” 1

NS9360 ball grid array assignments Chapter 2, “NS9360 Pinout” 1

NS9360 CPU Chapter 3, “Working with the CPU” 1

System functionality Chapter 4, “System Control Module” 1

How the NS9360 works with the Multiport Memory ~ Chapter 5, “Memory Controller” 1

Controller, an AMBA-compliant SoC peripheral

How the NS9360 works with Ethernet MAC and Chapter 6, “Ethernet Communication 1

Ethernet front-end module Module”

Digi proprietary BBus Chapter 7, “BBus Bridge 1

NS9360 BBus DMA controller subsystem Chapter 8, “BBus DMA Controller” 1

Chip-level support for low-speed peripherals Chapter 9, “BBus Utility” 1

Real time clock module Chapter 10, “Real Time Clock Module” 2

Interface between the ARM CPU and the 12C bus Chapter 11, “12C Master/Slave Interface” 2

LCD controller Chapter 12, “LCD Controller” 2

UART maode serial controller Chapter 13, “Serial Control Module: 2
UART”

SP1 mode serial controller Chapter 14, “Serial Control Module: SPI” 2

IEEE 1284 peripheral port Chapter 15, “IEEE 1284 Peripheral 2
Controller”

USB 2.0 Chapter 16, “USB Host Module” 2
Chapter 17, “USB Device Module”

NS9360 electrical characteristics and timing diagrams ~ Chapter 18, “Timing” 2

and information

NS9360 packaging information Chapter 19, “Packaging” 2
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Conventions used in this guide

This table describes the typographic conventions used in this guide:

This convention Is used for

italic type Emphasis, new terms, variables, and document titles.

monospaced type Filenames, pathnames, and code examples.

_ (underscore) Defines a signal as being active low.

‘b Indicates that the number following this indicator is in binary radix

‘d Indicates that the number following this indicator is in decimal radix

‘h Indicates that the number following this indicator is in hexadecimal
radix

RWI1TC Indicates Read/Write 1 to clear.

Related documentation

m  NS9360 Jumpers and Components provides a hardware description of the
NS9360 development board, and includes information about jumpers,
components, switches, and configuration.

m  NS9360 Sample Driver Configurations provides sample configurations that
you can use to develop your drivers.

Review the documentation CD-ROM that came with your development kit for
information on third-party products and other components.

See the NET+OS software documentation for information appropriate to the chip you
are using.

Documentation updates

Digi occasionally provides documentation updates on the Web site
(www.digi.com/support).

www.digiembedded.com 21


http://www.digiembedded.com

Be aware that if you see differences between the documentation you received in your
package and the documentation on the Web site, the Web site content is the latest

version.

Customer support

To get help with a question or technical problem with this product, or to make
comments and recommendations about our products or documentation, use the

contact information listed in this table:

For Contact information

United States: +1 877 912-3444
Other locations: +1 952 912-3444
www.digiembedded.com

Technical support
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About NS9360

C HAPTER 1

The NS9360 is a single chip 0.13um CMOS network-attached processor. This chapter
provides an overview of the NS9360, which is based on the standard architecture in
the NET+ARM family of devices.
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About the NS9360
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The NS9360 uses an ARM926EJ-S core as its CPU, with MMU, DSP extensions, Jazelle
Java accelerator, and 8 kB of instruction cache and 4 kB of data cache in a Harvard
architecture. The NS9360 runs up to 180 MHz, with a 90 MHz system and memory bus
and 45 MHz peripheral bus. The NS9360 offers an extensive set of I/0 interfaces and
Ethernet high-speed performance and processing capacity. The NS9360 is designed
specifically for use in high-performance intelligent networked devices and Internet
appliances including high-performance, low-latency remote 1/0, intelligent
networked information displays, and streaming and surveillance cameras.
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About NS9360

NS9360 Features

32-bit ARM926EJ-S RISC processor

103 to 177 MHz

5-stage pipeline with interlocking

Harvard architecture

8 kB instruction cache and 4 kB data cache

32-bit ARM and 16-bit Thumb instruction sets. Can be mixed for
performance/code density tradeoffs.

MMU to support virtual memory-based OSs, such as Linux, WinCE/Pocket PC,
VxWorks, others

DSP instruction extensions, improved divide, single cycle MAC
ARM Jazelle, 1200CM (coffee marks) Java accelerator
EmbeddedICE-RT debug unit

JTAG boundary scan, BSDL support

External system bus interface

32-bit data, 32-bit internal address bus, 28-bit external address bus
Glueless interface to SDRAM, SRAM, EEPROM, buffered DIMM, Flash
4 static and 4 dynamic memory chip selects

1-32 wait states per chip select

A shared Static Extended Wait register allows transfers to have up to 16368
wait states that can be externally terminated.

Self-refresh during system sleep mode
Automatic dynamic bus sizing to 8 bits, 16 bits, 32 bits
Burst mode support with automatic data width adjustment

Two external DMA channels for external peripheral support

System Boot

High-speed boot from 8-bit, 16-bit, or 32-bit ROM or Flash

Hardware-supported low cost boot from serial EEPROM through SPI port
(patent pending)
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High performance 10/100 Ethernet MAC

10/100 Mbps MIIZ/RMII PHY interfaces

Full-duplex or half-duplex

Station, broadcast, or multicast address filtering
2 kB RX FIFO

256-byte TX FIFO with on-chip buffer descriptor ring
—  Eliminates underruns and decreases bus traffic

Separate TX and RX DMA channels
Intelligent receive-side buffer size selection
Full statistics gathering support

External CAM filtering support

Flexible LCD controller

Supports most commercially available displays:

—  18-bit active Matrix color TFT displays

—  Single and dual panel color STN displays

— Single and dual panel monochrome STN displays
Formats image data and generates timing control signals

Internal programmable palette LUT and grayscaler support different color
techniques

Programmable panel-clock frequency

USB ports

USB v.2.0 full speed (12 Mbps) and low speed (1.5 Mbps)
Independent OHCI Host and Device ports

Internal USB PHY

External USB PHY interface

USB device supports one bidirectional control endpoint and 10
unidirectional endpoints

All endpoints supported by a dedicated DMA channel
32 byte FIFO per endpoint
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Serial ports
m 4 serial modules, each independently configurable to UART mode, SPI
master mode, or SPI slave mode

m  Bit rates from 75 bps to 921.6 kbps: asynchronous x16 mode
m  Bit rates from 1.2 kbps to 11.25 Mbps: synchronous mode

m  UART provides:
—  High-performance hardware and software flow control
— 0dd, even, or no parity
- 5,6, 7, or 8 bits
— 1or 2stop bits
—  Receive-side character and buffer gap timers

= Internal or external clock support, digital PLL for RX clock extraction
m 4 receive-side data match detectors

m 2 dedicated DMA channels per module, 8 channels total

m 32 byte TX FIFO and 32 byte RX FIFO per module

1°C port

= 1°C v.1.0 configurable to master or slave mode

m  Bit rates: fast (400 kHz) or normal (100 kHz) with clock stretching

m  7-bit and 10-bit address modes

= Supports I°C bus arbitration

1284 parallel peripheral port
m  All standard modes: ECP, byte, nibble, compatibility (also known as SPP or
“Centronix”™)

m  RLE (run length encoding) decoding of compressed data in ECP mode
m  Operating clock from 100 kHz to 2 MHz

High performance multiple-master/distributed DMA system
= Intelligent bus bandwidth allocation (patent pending)

m  System bus and peripheral bus

System bus
m  Every system bus peripheral is a bus master with a dedicated DMA engine
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Peripheral bus
m  One 12-channel DMA engine supports USB device

— 2 DMA channels support control endpoint
— 10 DMA channels support 10 endpoints
= One 12-channel DMA engine supports:
— 4 serial modules (8 DMA channels)
— 1284 parallel port (4 DMA channels)

= All DMA channels support fly-by mode

External peripheral

m  One 2-channel DMA engine supports external peripheral connected to

memory bus
m  Each DMA channel supports memory-to-memory transfers
Power management (patent pending)
= Power save during normal operation
—  Disables unused modules
m  Power save during sleep mode
—  Sets memory controller to refresh
— Disables all modules except selected wakeup modules
—  Wakeup on valid packets or characters
Vector interrupt controller
m  Decreased bus traffic and rapid interrupt service
m  Hardware interrupt prioritization
General purpose timers/counters
m 8 independent 16-bit or 32-bit programmable timers or counters
—  Each with an 170 pin

= Mode selectable into:
— Internal timer mode
—  External gated timer mode
—  External event counter

n Can be concatenated

m  Resolution to measure minute-range events
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m  Source clock selectable: internal clock or external pulse event

m  Each can be individually enabled/disabled
System timers

= Watchdog timer

m  System bus monitor timer

m  System bus arbiter timer

m  Peripheral bus monitor timer

General purpose 1/0
m 73 programmable GPIO pins (muxed with other functions)

About NS9360

m  Software-readable powerup status registers for every pin for customer-

defined bootstrapping
External interrupts
m 4 external programmable interrupts
— Rising or falling edge-sensitive
—  Low level- or high level-sensitive
Clock generator
m  Low cost external crystal
m  On-chip phase locked loop (PLL)
m  Software programmable PLL parameters
m  Optional external oscillator

m  Separate PLL for USB

Operating grades/ambient temperatures
m 177 MHz: 0-70°C

n 155 MHz: -40 - +85° C

m 103MHz: 0-70°C
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System-level interfaces

System-level interfaces

Figure 1 shows the NS9360 system-level interfaces.

GPIOS

USB Host or USB Device (int PHY) JTAG

Clocks & Reset
l’C
USB Host control
Serial
1284 Controls
LCD NS9360 Data
Ext. DMA Address
Ext. IRQ
Timers/Counters
Ethernet

USB Device (ext Phy) Power & Ground

[ ———————

[ ———————

.

Figure 1: System-level hardware interfaces

n Ethernet MII/RMII interface to external PHY

30

System memory interface
—  Glueless connection to SDRAM

—  Glueless connection to buffered PC100 DIMM

—  Glueless connection to SRAM

—  Glueless connection to Flash memory or ROM

USB Host or Device interface using internal USB PHY

12C interface
73 GPIO pins muxed with:

)

System
Memory

—  Four 8-pin-each serial ports, each programmable to UART or SPI

— 1284 port
—  LCD controller interface
—  Two external DMA channels
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About NS9360

—  Four external interrupt pins programmed to rising or falling edge, or to high
or low level

— Sixteen 16-bit or 32-bit programmable timers or counters
—  Two control signals to support USB host

Ethernet interface
— USB Device interface to external USB PHY

JTAG development interface

Clock interfaces for crystal or external oscillator
—  System clock
—  USB clock

Clock interface for optional LCD external oscillator

Power and ground
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There are two ways to boot the NS9360 system:
m  From a fast Flash over the system memory bus
= From an inexpensive, but slower, serial EEPROM through SPI port B.

Both boot methods are glueless. The bootstrap pin, RESET_DONE, indicates where to
boot on a system powerup. Flash boot can be done from 8-bit, 16-bit, or 32-bit ROM
or Flash.

Serial EEPROM boot is supported by NS9360 hardware. A configuration header in the
EEPROM specifies total number of words to be fetched from EEPROM, as well as a
system memory configuration and a memory controller configuration. The boot
engine configures the memory controller and system memory, fetches data from low-
cost serial EEPROM, and writes the data to external system memory, holding the CPU
in reset.
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About NS9360

Reset

Master reset using an external reset pin resets NS9360. Only the AHB bus error status
registers retain their values; software read resets these error status registers. The
input reset pin can be driven by a system reset circuit or a simple power-on reset
circuit.

Reset behavior

RESET _n pin SRESET _n pin PLL Config Reg. Watchdog Time-
Update Out Reset
SPI Boot Yes Yes Yes Yes
Strapping PLL Yes No No No
Other Strappings (Endianess) Yes No No No
GPIO Configuration Yes No No No
Other (ASIC) Registers Yes Yes Yes Yes

Table 1: Reset behavior

RESET_DONE as an input
Used at bootup only:
= When set to 0, the system boots from SDRAM through the serial SPI EEPROM.
s When set to 1, the system boots from Flash/ROM. This is the default.

SPI1 boot sequence

1 When the system reset turns to inactive, the reset signal to the CPU is still held
active.

2 An I/0 module on the peripheral bus (BBus) reads from a serial ROM device that
contains the memory controller settings and the boot program.

3 The BBus-to-AHB bridge requests and gets the system bus.
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Reset

34

The memory controller settings are read from the serial EEPROM and used to
initialize the memory controller.

The BBus-to-AHB bridge loads the boot program into the SDRAM, starting at
address 0.

The reset signal going to the CPU is released once the boot program is loaded.
RESET_DONE is now set to 1.

The CPU begins to execute code from address 0x0000 0000.
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RESET_DONE as an output

Sets to 1, per Step 6 in the SPI boot sequence.

If the system is booting from serial EEPROM through the SPI port, the boot program
must be loaded into the SDRAM before the CPU is released from reset. The memory
controller is powered up with dy_cs_n[0] enabled with a default set of SDRAM
configurations. The default address range for dy_cs_n[0] is from 0x0000 0000. The other
chip selects are disabled.

You can use one of these software resets to reset NS9360. Select the reset by setting
the appropriate bit in the appropriate register.

m  Watchdog timer can issue reset upon watchdog timer expiration (see the
"Software Watchdog Timer register" on page 174).

m  Software reset can reset individual internal modules or all modules except
memory and CPU (see "Reset and Sleep Control register” on page 177).

m  The system is reset whenever software sets the PLL SW change bit, in the
PLL Configuration register, to 1.

Hardware reset duration is 4 ms for PLL to stabilize. Software duration depends on
speed grade, as shown in Table 2: "Software reset duration” on page 35.

Speed grade CPU clock cycles Duration
177 MHz 128 723 ns
155 MHz 128 826 ns
103 MHz 128 1243 ns

Table 2: Software reset duration

The minimum reset pulse width is 10 crystal clocks.
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The system clock is provided to NS9360 by either a crystal or an external oscillator.
Table 3 shows sample clock frequency settings for each chip speed grade.

Speed cpu_clk ahb_hclk (main bus) bbus_clk
177 MHz 176.9472 88.4736 44.2368
155 MHz 154.8288 77.4144 38.7072
103 MHz 103.2192 51.6096 24.8048

Table 3: Sample clock frequency settings with 29.4912 MHz crystal

Pulldowns are required as follows:

m  To produce 176.9472 MHz, pull down gpio[12], gpio[10], gpio[4].

m  To produce 154.8288 MHz, pull down gpio[12], gpio[10], gpio[8].

m  To produce 103.2192 MHz, pull down gpio[17], gpio[10], gpio[8], gpio[4].

Using an oscillator

If an oscillator is used, it must be connected to the x1_sys_osc input (C8 pin) on the
NS9360. If a crystal is used, it must be connected with a circuit such as the one shown
in Figure 2, "System clock".

The PLL parameters are initialized on powerup reset, and can be changed by
software. For a 177 MHz grade, the CPU may change from 177 MHz to 103 MHz, the
AHB system bus may change from 88 MHz to 51 MHz, and the peripheral BBus may
change from 44 MHz to 26 MHz. If changed by software, the system resets
automatically after the PLL stabilizes (approximately 4 ms).

The system clock provides clocks for CPU, AHB system bus, peripheral BBus, LCD,
timers, memory controller, and BBus modules (serial modules and 1284 parallel port).

The Ethernet MAC uses external clocks from a MIl PHY or a RMII PHY. For a MIl PHY,
these clocks are input signals: rx_clk on pin V4 for receive clock and tx_clk on pin V2 for
transmit clock. For a RMII, there is only one clock, and it connects to the rx_clk on pin
V4. In this case, the transmit clock, tx_clk, should be tied low.
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GPIO[19] MUST not be pulled down to a logic
"0" during boot or the NS9360 will be unusable.

About NS9360

w11
** = Optional 20-40MHz Oscillator
3R3V  TB2** o
o Y2_PWR 4 o
BEAD 0805 601 xx 2 | VeC R1L
c9 GND 3 Y2 ouT
e AN
100nF TEST ouT
== SM_Oscillator 100 OHM

A 29.4912MHx Crystal or Oscillator

allows full speed operation.
c19
|| . X1 SYS R2
I
10pF X2 R12

= M
c20
11 X2_XTAL X2_SYS P3
I
20-40MHz 330 OHM
| 10pF

Figure 2: System clock

GPIO19

NS9360

X1_SYS_OSC
(20-40MHz)

X2_SYS_0SC

LCD controller, serial modules (UART, SPI), and the 1284 port optionally can use

external clock signals.
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USB clock

USB clock

USB is clocked by a separate PLL driven by an external 48 MHz crystal, or it can be
driven directly by an external 48 MHz oscillator.

** = Optional 48.000MHz Oscillator

oscillate at 16 MHz unless precautions are
taken. A LC-tank circuit is added to provide a

Tank Circuit “low impedance” for the 16 MHz oscillation to
e e e e - = ground.

Figure 3: USB clock

3R3V TB1 ** Y1
Q Y1_PWR 4 oo .
BEAD_0805_601 ™ 2| Ln s viour R6 @ uss
1052 ]:_li TEST  ouT = X1_USB_OSC
—L  SM_Oscillator_48M 100 OHM
NS9360

P U U ULy R U U U U R UL Ry U U U U P U U o=
! I
! L4 ircui |
i TuH_5% Crystal circuit |

|
| XL_IN RO

| x2 uss
i ANK_LC s 1ou I_/\/v;li X2_USB_OSC
| e 100 OHM i
| ci6 2 1UI3 .
! 100pF_5% <=2 x === = -
| 48.0000MHz

ANK_RC X1 ) .

| X1 is a 48 MHz 3" harmonic (OT) crystal. It has
1 R7 1 c15 c17 | the same physical characteristics as a 16 MHz
|
|
|

|
|
62 OHMS 10pF 10pF : crystal. The circuit may have a tendency to
=
|
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NS9360 Pinout

C HAPTER 2

The NS9360 offers a connection to an external bus expansion module, as well as a
glueless connection to SDRAM, PC100 DIMM, flash, EEPROM, and SRAM memories, and
an external bus expansion module. It includes a versatile embedded LCD controller, a
USB port, and four multi-function serial ports. The NS9360 provides up to 73 general
purpose 170 (GPIO) pins and configurable power management with sleep mode.
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Pinout and signal descriptions

40

Each pinout table applies to a specific interface, and contains the following

information:

Heading Description

Pin # Pin number assignment for a specific 1/0 signal

Signal Pin name for each 1/O signal. Some signals have multiple function modes and are
identified accordingly. The mode is configured through firmware using one or more
configuration registers.
_nin the signal name indicates that this signal is active low.

u/D U or D indicates whether the pin has an internal pullup resistor or a pulldown resistor:
m U — Pullup (input current source)
m D — Pulldown (input current sink)
If no value appears, that pin has neither an internal pullup nor pulldown resistor.

1/0 The type of signal: input, output, or input/output.

OD (mA) The output drive of an output buffer. NS9360 uses one of three drivers:

E 2mA
 4mA
= 8mA

More detailed signal descriptions are provided for selected modules.
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System Memory interface

NS9360 Pinout

Note: Some System Memory interface signals are muxed behind gpio. These are
noted in the Signal name / muxed behind column. If there is no slash and
no gpio pin indicated, the signal is not muxed behind a gpio signal.
Signal name / oD

Pin # muxed behind U/D (mA) 1/O Description

P18 addr[0] 8 (¢} Address bus signal
R20 addr[1] 8 (¢} Address bus signal
P19 addr[2] 8 (¢} Address bus signal
P20 addr[3] 8 (¢} Address bus signal
N18 addr[4] 8 o] Address bus signal
N19 addr[5] 8 o] Address bus signal
N20 addr[6] 8 o] Address bus signal
M18 addr[7] 8 (o] Address bus signal
M19 addr[8] 8 (o] Address bus signal
M20 addr[9] 8 (o] Address bus signal
L19 addr[10] 8 (0] Address bus signal
L18 addr[11] 8 (0] Address bus signal
L20 addr[12] 8 (0] Address bus signal
K20 addr[13] 8 o] Address bus signal
K18 addr[14] 8 o] Address bus signal
K19 addr[15] 8 o] Address bus signal

J20 addr[16] 8 o] Address bus signal

J19 addr[17] 8 o] Address bus signal

J18 addr[18] 8 o] Address bus signal

H20 addr[19] 8 o] Address bus signal
H18 addr[20] 8 o] Address bus signal
G20 addr[21] 8 o] Address bus signal

Table 4: System Memory interface pinout
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Signal name / oD

Pin # muxed behind U/D (mA) 1/O0 Description

H19 addr[22] / gpio[66] 8 0o Address bus signal

E18 addr[23] / gpio[67] 8 O Address bus signal

D19 addr[24] / gpio[68] 8 0o Address bus signal

C20 addr[25] / gpio[69] 8 o] Address bus signal

Al7 addr[26] / gpio[70] 8 0o Address bus signal

B16 addr[27] / gpio[71] 8 0o Address bus signal

D19 clk_en[0] / gpio[68] 8 ) SDRAM clock enable

C20 clk_en[1] / gpio[69] 8 ] SDRAM clock enable

Al7 clk_en[2] / gpio[70] 8 ) SDRAM clock enable

B16 clk_en[3] / gpio[71] 8 ] SDRAM clock enable

C15 clk_out[0] 8 0o SDRAM clock

Al2 clk_out[1] 8 0o SDRAM reference clock. Connect to clk_in
using AC termination.

A7 clk_out[2] 8 0o SDRAM clock

Gl clk_out[3] 8 0o SDRAM clock

Al6 data[0] 8 1/0 Data bus signal

B15 data[1] 8 110 Data bus signal

Cl4 data[2] 8 110 Data bus signal

Al5 data[3] 8 1/10 Data bus signal

B14 data[4] 8 110 Data bus signal

Al4 data[5] 8 1/10 Data bus signal

C13 data[6] 8 110 Data bus signal

B13 data[7] 8 110 Data bus signal

Al3 data[8] 8 1/10 Data bus signal

C12 data[9] 8 110 Data bus signal

B12 data[10] 8 1/10 Data bus signal

B11 data[11] 8 1/10 Data bus signal

Table 4: System Memory interface pinout
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Signal name / oD
Pin # muxed behind U/D (mA) [1/0 Description
Cl11 data[12] 8 110 Data bus signal
All data[13] 8 110 Data bus signal
Al0 data[14] 8 110 Data bus signal
C10 data[15] 8 110 Data bus signal
B10 data[16] 8 110 Data bus signal
A9 data[17] 8 110 Data bus signal
B9 data[18] 8 110 Data bus signal
C9 data[19] 8 110 Data bus signal
A8 data[20] 8 110 Data bus signal
B8 data[21] 8 110 Data bus signal
C8 data[22] 8 110 Data bus signal
B7 data[23] 8 110 Data bus signal
A6 data[24] 8 110 Data bus signal
C7 data[25] 8 110 Data bus signal
B6 data[26] 8 110 Data bus signal
A5 data[27] 8 110 Data bus signal
C6 data[28] 8 110 Data bus signal
B5 data[29] 8 110 Data bus signal
A4 data[30] 8 110 Data bus signal
C5 data[31] 8 110 Data bus signal
F2 data_mask[0] 8 O SDRAM data mask signal
G3 data_mask[1] 8 ) SDRAM data mask signal
F1 data_mask[2] 8 O SDRAM data mask signal
G2 data_mask[3] 8 ) SDRAM data mask signal
J2 clk_in | SDRAM feedback clock. Connect to clk_out[1].
D1 byte_lane_sel_n[0] 8 (6] Static memory byte_lane_enable[0] or

write_enable_n[0] for byte-wide device signals

Table 4: System Memory interface pinout
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Signal name / oD

Pin # muxed behind U/D (mA) 1/O0 Description

E2 byte_lane_sel_n[1] 8 O Static memory byte_lane_enable[1] or
write_enable_n[1] for byte-wide device signals

F3 byte_lane_sel_n[2] 8 0} Static memory byte_lane_enable[2] or
write_enable_n[2] for byte-wide device signals

El byte_lane_sel_n[3] 8 ] Static memory byte_lane_enable[3] or
write_enable_n[3] for byte-wide device signals

H1 cas_n 8 0] SDRAM column address strobe

B4 dy_cs_n[0] 8 e} SDRAM chip select signal

A3 dy_cs_n[1] 8 O SDRAM chip select signal

D5 dy_cs_n[2] 8 O SDRAM chip select signal

C4 dy_cs _n[3] 8 e} SDRAM chip select signal

H2 st_oe_n 8 6] Static memory output enable

J3 ras_n 8 O SDRAM row address strobe

B3 st_cs_n[0] 8 0o Static memory chip select signal

C1 st_cs_n[1] 8 0o Static memory chip select signal

D2 st_cs_n[2] 8 0] Static memory chip select signal

E3 st_cs_n[3] 8 0o Static memory chip select signal

H3 we_n 8 O SDRAM write enable. Used for static and
SDRAM devices.

J1 ta_strb / gpio[72] | Slow peripheral transfer acknowledge

Table 4: System Memory interface pinout

System Memory interface signals
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Table 5 describes System Memory interface signals in more detail. All signals are

internal to the chip.
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Name 1/0 Description

addr[27:0] o] Address output. Used for both static and SDRAM devices. SDRAM
memories use bits [14:0]; static memories use bits [27:0].
Note:  Address bits [27:22] are muxed behind gpio[71:66].

clk_en[3:0] O SDRAM clock enable. Used for SDRAM devices. These signals are
muxed behind gpio[71:68].
Note:  The clk_en signals are associated with the dy_cs_n signals.
If clock enables are used, a pullup resistor is required to prevent floating
during startup, and to avoid SDRAM lockup during manual or brown out
conditions.
If not used, connect the clock enables in the SDRAM devices directly to
3.3v or a pullup resistor.

clk_out[3:0] (¢} SDRAM clocks. Used for SDRAM devices. SDRAM clk_out[1] is
connected to clk_in.

data[31:0] 110 Read data from memory. Used for the static memory controller and the
dynamic memory controller.

data_mask[3:0] o Data mask output to SDRAMs. Used for SDRAM devices.

clk_in | Feedback clock. Always connects to clk_out[1].

byte_lane_sel_n[3:0] o] Static memory byte lane_select, active low, or write_enable_n for byte-
wide devices.

cas_n e} Column address strobe. Used for SDRAM devices.

dy_cs_n[3:0] @] SDRAM chip selects. Used for SDRAM devices.

st oe_n @] Output enable for static memories. Used for static memory devices.

ras_n o] Row address strobe. Used for SDRAM devices.

st_cs_n[3:0] (e} Static memory chip selects. Default active low. Used for static memory
devices.

we_n (0] Write enable. Used for SDRAM and static memories.

ta_strb | Slow peripheral transfer acknowledge can be used to terminate static

memory cycles sooner than the number of wait states programmed in the
chip select setup register.

This signal is muxed behind gpio[72].

Table 5: System Memory interface signal descriptions

Figure 4 shows an example of NS9360 SDRAM clock termination. clk_out[1] is shown,
but you can use any clk_out signal (0, 1, 2, or 3).
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riptions

clk_out[0]

clk_out[1]

clk_in

NS9360

clk_out[2]

clk_out[3]

clk_out[3] if required.

R1  %T

R2

This trace is typically a loop 2 to 3 inches in length.
Read Data clock will be delayed 180pS/per inch.

If not used, clk_out[0] should be disabled in the Clock Configuration
—x NC register in the SCM module. Can be used the same as clk_out[2] &

CLK N Always connect clk_out[1] to clk_in using RC termination.
. clk_out[1] must not drive any SDRAM or other loads. Data in from
_I SDRAMs is sampled on the rising edge of this clock.

Used clk_out[2] & clk_out[3] have AC
Termination placed at the very end of
trace.

Any unused clk_out[2] or clk_out[3] should be
RC terminated.

R3

R4

C3

> SDRAM_CLK_2
SDRAM Bank A

A

Address, Data &
Commands are sampled by
SDRAMSs on the rising
edge of clock.

.|||_|

Series termination resistors R1-3 must
be placed close to the NS9360

Figure 4: SDRAM clock termination

Ethernet interface

Notes:

R5

c2

[ >SDRAM_CLK_3
SDRAM Bank B
Optional SDRAM Bank or

other device for a reference
clock.

|—\/\/\/—

.|||_|

= Most Ethernet MIl signals are muxed behind gpio. These are noted in the
Signal name: MIl / muxed behind column. If there is no slash and no gpio pin
indicated, the Ethernet signal is not muxed behind a gpio signal.

= N/C indicates No Connect or ground, as indicated in the description for the

pin.

46 NS9360 Hardware Reference



NS9360 Pinout

Signal name oD Description
Pin # Uu/D (mA) /O
MIl/ muxed RMII MII RMII
behind
P2 col / gpio[63] N/C | Collision Pull low external to
NS9360
R1 crs / gpio[64] crs_dv | Carrier sense Carrier sense/data
valid
P1 enet_phy_int_n enet phy i U | Ethernet PHY Ethernet PHY
/ gpio[65] nt_n interrupt interrupt
L2 mdc mdc 4 @] MII management MII management
interface clock interface clock
K2 mdio / gpio[50] mdio 2 110 MII management MII management data
data
A\ rx_clk ref _clk | Receive clock Reference clock
u3 rx_dv/ N/C | Receive data valid  Pull low external to
gpio[51] NS9360
V1 rx_er/ gpio[52] rx_er | Receive error Optional signal; pull
low external to
NS9360 if not used
N3 rxd[0] / rxd[0] | Receive data bit0  Receive data bit 0
gpio[53]
N2 rxd[1] / rxd[1] | Receive databit1  Receive data bit 1
gpio[54]
N1 rxd[2] / N/C | Receive data bit2  Pull low external to
gpio[55] NS9360
M3 rxd[3]/ N/C | Receive data bit3  Pull low external to
gpio[56] NS9360
V2 tx_clk N/C | Transmit clock Pull low external to
NS9360
M2 tx_en/gpio[57] tx_en 2 Transmit enable Transmit enable
M1 tx_er/gpio[58] N/C 2 Transmit error N/A

Table 6: Ethernet interface pinout
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Clock generation/system pins

48

Signal name oD Description
Pin # ub (mA) /O
MIIl / muxed RMII MII RMII
behind
L3 txd[0] / txd[0] 2 O Transmit data bit0  Transmit data bit 0
gpio[59]
L1 txd[1] / txd[1] 2 O Transmit data bit1  Transmit data bit 1
gpio[60]
K1 txd[2] / N/C 2 ¢} Transmit data bit2  N/A
gpio[61]
K3 txd[3] / N/C 2 (0] Transmit data bit3  N/A
gpio[62]
Table 6: Ethernet interface pinout
oD
Pin # Signal name U/D (mA) 1/O Description
R2 x1_sys_osc | System clock crystal oscillator circuit input
P3 X2_SyS_0sC 0o System clock crystal oscillator circuit output
T1 sys_osc_vdd System oscillator 3.3V power
F18 x1_usb_osc | USB clock crystal oscillator circuit input.
(Connect to GND if USB is not used.)
E20 X2_ush_osc o USB clock crystal oscillator circuit output
E19 usb_osc_vdd USB oscillator 3.3V power
W4 reset_done U 2 110 CPU is enabled once the boot program is loaded.
Reset_done is set to 1.
U5 reset_n U | System reset input signal
W3 sreset_n U | System reset. sreset_n is the same as reset but
does not reset the system PLL.
V5 bist_en_n | Enable internal BIST operation

Table 7: Clock generation and system pin pinout
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Pin # Signal name U/D (OmDA) 1/0  Description

U6 pll_test_n | Enable PLL testing

Y3 scan_en_n | Enable internal scan testing

R3 sys_pll_dvdd System clock PLL 1.5V digital power

T2 sys_pll_dvss System clock PLL digital ground

u2 sys_pll_avdd System clock PLL 3.3V analog power
Ul sys_pll_avss System clock PLL analog ground

T3 pll_Ipf (¢} PLL diagnostic output

V10 Icdclk / gpio[15] U | External LCD clock input (muxed behind

gpio[15])

Table 7: Clock generation and system pin pinout

bist _en_n, pll_test_n, and scan_en_n

Table 8 is a truth/termination table for bist_en_n, pll_test_n, and scan_en_n.

Normal operation ARM debug
pll_test_n pull up pull up 10K recommended
bist_en_n pull down pull up 10K pullup = debug
2.4K pulldown = normal
scan_en_n pull down pull down 2.4K recommended

Table 8: bist_en_n, pll_test_n, & scan_en_n truth/termination table
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GPIO MUX

50

The BBus utility contains the control pins for each GPIO MUX bit. Each pin
can be selected individually; that is, you can select any option (00, 01, 02,
03) for any pin, by setting the appropriate bit in the appropriate register.

Some signals are muxed to two different GPIO pins, to maximize the number
of possible applications. These duplicate signals are marked as such in the
Descriptions column in the table. Selecting the primary GPIO pin and the
duplicate GPIO pin for the same function is not recommended. If both the
primary GPIO pin and duplicate GPIO pin are programmed for the same
function, however, the primary GPIO pin has precedence and will be used.

The 00 option for the serial ports (B, A, C, and D) are configured for UART
and SPI mode, respectively; that is, the UART option is shown first, followed
by the SPI option if there is one. If only one value appears, it is the UART
value. SPI options all begin with SPI.

The 12C module must be held in reset until the GPIO assigned to 12C has been
configured.

GPIO pins 42, 43, 50-64, and 66-72 (24 pins total) do not have internal
pullups. All GPIO pins are reset at powerup to be inputs. Any of these pins
not being used should be pulled high with an external 10K resistor. Some of
these GPIO pins might need external 10K pullup or pulldown resistors to
prevent them from floating before being programmed, depending on how
they are being used.

For example, gpio[66] is being used as mem addr [22] to address a flash
chip. gpio[66] should be pulled down with a 10K resistor to prevent the pin
from floating until the software is loaded and can program the pin using
GPIO Configuration Register 9 to drive mem addr [22] from pin gpio[66].

Signal oD
Pin # name U/D (mA) 1/0 Description (4 options: 00, 01, 02, 03)
w5 gpio[0]* U 2 110 00  Serport B TxData/ SPI port B dout

01 DMA ch 1 done (duplicate)
02  Timer 1 (duplicate)
03 GPIOO

Table 9: GPIO MUX pinout
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Signal oD
Pin # name U/D (mA) 1/0 Description (4 options: 00, 01, 02, 03)
V6 gpio[1] U 2 110 00  Ser port B RxData / SPI port B din
01 DMA ch 1 req (duplicate)
02 ExtIRQO
03 GPIO1
Y5 gpio [2]* U 2 /O 00 SerportBRTS
01 TimerO
02 DMA ch 2 read enable
03 GPIO2
W6 gpio[3] U 2 110 00  SerportBCTS
01 1284 nACK (peripheral-driven)
02 DMAch1req
03 GPIO3
V7 gpio[4]* U 2 /O 00 SerportBDTR
01 1284 busy (peripheral-driven)
02 DMAch1done
03 GPIO4
Y6 gpio[5] U 2 110 00  Serport B DSR
01 1284 PError (peripheral-driven)
02 DMA ch 1 read enable
03 GPIO5
W7 gpio[6] U 2 110 00  Serport B RI/SPI port B clk
01 1284 nFault (peripheral-driven)
02  Timer 7 (duplicate)
03 GPIO6
Y7 gpio[7] U 2 110 00  Ser port B DCD / SPI port B enable
01 DMA ch 1 read enable (duplicate)
02 ExtIRQ1
03 GPIO7
V8 gpio[8]* U 2 110 00  Serport A TxData/ SPI port A dout
01  Reserved
02  Reserved
03 GPIOS

Table 9: GPIO MUX pinout
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Signal oD
Pin # name U/D (mA) 1/O Description (4 options: 00, 01, 02, 03)
W8 gpio[9] U 2 1/10 00  Ser port A RxData / SPI port A din
01  Reserved
02  Reserved
03 GPIO9
Y8 gpio[10]* U 2 1/0 00  Serport ARTS
01  Reserved
02 PWM ch 0 (duplicate)
03 GPIO10
V9 gpio[11] U 2 1/10 00  Serport ACTS
01  ExtIRQ2 (duplicate)
02  Timer O (duplicate)
03 GPIO11
w9 gpio[12]* U 2 /0O 00 Serport ADTR
01  Reserved
02 PWM ch 1 (duplicate)
03 GPIO12
Y9 gpio[13] U 2 1/10 00  Serport ADSR
01 ExtIRQ 0 (duplicate)
02 PWM ch 2 (duplicate)
03 GPIO13
W10 gpio[14] U 2 1/0 00  Serport ARI/SPI port A clk
01 Timerl
02 PWM ch 3 (duplicate)
03 GPIO14
V10 gpio[15] U 2 110 00  Ser port A DCD / SPI port A enable
01 Timer2
02 LCD clock input
03 GPIO15
Y10 gpio[16]? U 2 I/O 00 USB overcurrent
01 1284 nFault (peripheral-driven, duplicate)
02  Reserved
03 GPIO 16

Table 9: GPIO MUX pinout
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Signal oD
Pin # name U/D (mA) I/O Description (4 options: 00, 01, 02, 03)
Y11 gpio[17]*? U 2 I/O 00 USB power relay
01  Reserved
02  Reserved
03 GPIO17
V11 gpio[18] U 4 110 00  Ethernet CAM reject
01  LCD power enable
02  ExtIRQ 3 (duplicate)
03 GPIO 18
w11 gpio[19]l U 4 110 00  Ethernet CAM req
01  LCD line-horz sync
02  DMA ch 2 read enable (duplicate)
03 GPIO19
Y12 gpio[20]* U 8 1/0 00  Serport CDTR
01 LCD clock
02  Reserved
03 GPIO20
W12 gpio[21] U 4 110 00  Serport C DSR
01  LCD frame pulse-vert
02  Reserved
03 GPIO21
V12 gpio[22] U 4 110 00  Serport CRI/SPI port C clk
01 LCD AC bias-data enable
02  Reserved
03 GPIO22
Y13 gpio[23] U 4 110 00  Ser port C DCD / SPI port C enable
01 LCDlineend
02  Reserved
03 GPIO 23
W13 gpio[24]l U 4 110 00  SerportDDTR
01 LCDdatahit0
02  Reserved
03 GPIO24

Table 9: GPIO MUX pinout
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Signal oD
Pin # name Uu/b (mA) 1/O0 Description (4 options: 00, 01, 02, 03)
V13 gpio[25] U 4 1/0 00  Serport D DSR
01 LCDdatabit1l
02  Reserved
03 GPIO 25
Y14 gpio[26] U 4 1/0 00  Serport DRI/ SPI port D clk
01 LCDdatabit2
02 Timer3
03 GPIO26
W14 gpio[27] U 4 1/10 00  Ser port D DCD / SPI port D enable
01 LCD databit3
02 Timer4
03 GPIO 27
Y15 gpio[28] U 4 1/0 00 ExtIRQ 1 (duplicate)
01 LCDdatabit4
02  LCD data bit 8 (duplicate)
03 GPIO 28
V14 gpio[29] U 4 1/0 00 Timer5
01 LCD databits
02 LCD data bit 9 (duplicate)
03 GPIO 29
W15 gpio[30] U 4 1/0 00 Timer6
01 LCD databit6
02  LCD data bit 10 (duplicate)
03 GPIO 30
Y16 gpio[31] U 4 1/0 00 Timer7
01 LCDdatabit7
02 LCD data bit 11 (duplicate)
03 GPIO31
V15 gpio[32] U 4 1/0 00 ExtIRQ2

01 1284 Data 1 (bidirectional)
02 LCDdatabit8
03 GPIO 32

Table 9: GPIO MUX pinout
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Signal oD

Pin # name U/D (mA) I/O Description (4 options: 00, 01, 02, 03)

W16 gpio[33] U 4 110 00 Reserved
01 1284 Data 2 (bidirectional)
02 LCD datahit9
03 GPIO33

Y17 gpio[34] U 4 110 00 iic_scl
01 1284 Data 3 (bidirectional)
02 LCD data bit 10
03 GPIO 34

u1s gpio[35] U 4 110 00 iic_sda
01 1284 Data 4 (bidirectional)
02 LCD datahit 11
03 GPIO35

V16 gpio[36] U 4 /O 00 PWMchO
01 1284 Data 5 (bidirectional)
02 LCD databit 12
03 GPIO 36

w17 gpio[37] u 4 /IO 00 PWMchl
01 1284 Data 6 (bidirectional)
02 LCD data hit 13
03 GPIO 37

Y18 gpio[38] U 4 /O 00 PWMch2
01 1284 Data 7 (bidirectional)
02 LCD databit 14
03 GPIO 38

uU16 gpio[39] u 4 /IO 00 PWMch3
01 1284 Data 8 (bidirectional)
02 LCD data hit 15
03 GPIO 39

V17 gpio[40] U 4 110 00  Serport C TxData / SPI port C dout
01 ExtIRQ3
02 LCD data bit 16
03 GPIO40

Table 9: GPIO MUX pinout
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Signal oD
Pin # name U/D (mA) 1/O Description (4 options: 00, 01, 02, 03)
w18 gpio[41] U 4 1/0 00  Ser port C RxData / SPI port C din
01  Reserved
02 LCD data bit 17
03 GPIO41
u1s8 gpio[42] 2 /0 00 SerportCRTS
01  Reserved
02  USB phy data + (TX and RX data for
bidirectional PHY or TX data only for
unidirectional PHY)
03 GPIO 42
V20 gpio[43] 2 1/0 00  SerportCCTS
01 1284 transceiver direction control
02  USB phy data - (TX and RX data for
bidirectional PHY or TX data only for
unidirectional PHY)
03 GPIO43
u19 gpio[44]1 U 2 1/0 00  Ser port D TxData / SPI port D dout
01 1284 Select (peripheral-driven)
02  USB phy tx output enable
03 GPIO44
u20 gpio[45] U 2 1/0 0 Ser port D RxData / SPI port D din
01 1284 nStrobe (host-driven)
02 USB phy rx data
03 GPIO45
T19 gpio[46] U 2 1/0 00  SerportDRTS

01 1284 nAutoFd (host-driven)

02  USB phy rx data + (unidirectional phy only; for
bidirectional USB PHY applications, do not
configure for
option 02)

03 GPIO 46

Table 9: GP1O MUX pinout
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Signal oD
Pin # name U/D (mA) I/O Description (4 options: 00, 01, 02, 03)
R18 gpio[47] U 2 110 00  SerportD CTS
01 1284 nInit (host-driven)
02  USB phy rx data - (unidirectional phy only; for
bidirectional USB PHY applications, do not
configure for option 02)
03 GPIO 47
T20 gpio[48] U 2 110 00  USB phy suspend
01 1284 nSelectIn (host-driven)
02 DMAch2req
03 GPIO 48
R19 gpio[49]* U 2 /O 00 USB phy speed
01 1284 periphal logic high (peripheral-driven)
02 DMA ch 2 done
03 GPIO49
K2 gpio[50] 2 110 00  MII/RMII management data
01  USB phy data + (duplicate) (TX and RX data for
bidirectional PHY or TX data only for
unidirectional PHY)
02  Reserved
03 GPIOS50
UK gpio[51] 2 110 00 Ml rx data valid
01  USB phy data - (duplicate) (TX and RX data for
bidirectional PHY or TX data only for
unidirectional PHY)
02  Reserved
03 GPIO51
V1 gpio[52] 2 110 00  MiIlrxerror
01  USB phy tx output enable (duplicate)
02  Reserved
03 GPIO52
N3 gpio[53] 2 110 00  MII/RMII rx data bit 0
01  USB phy rx data (duplicate)
02  Reserved
03 GPIO53

Table 9: GP1O MUX pinout
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Signal oD
Pin # name U/D (mA) 1/O Description (4 options: 00, 01, 02, 03)
N2 gpio[54] 2 1/10 00  MII/RMII rx data bit 1
01  USB phy suspend (duplicate)
02  Reserved
03 GPIO54
N1 gpio[55] 2 110 00 Ml rx data bit 2
01  USB phy speed (duplicate)
02  Reserved
03 GPIO55
M3 gpio[56] 2 1/0 00 Ml rxdatabit3
01  USB rxdata + (duplicate) (unidirectional phy
only; for bidirectional USB PHY applications,
do not configure for option 01)
02  Reserved
03 GPIO56
M2 gpio[57] 2 1/0 00  MII/RMII tx enable
01  USB rxdata - (duplicate) (unidirectional phy
only; for bidirectional USB PHY applications,
do not configure for option 01)
02  Reserved
03 GPIO57
M1 gpio[58] 2 110 00  MIltxerror
01  Reserved
02  Reserved
03 GPIO58
L3 gpio[59] 2 110 00  MII/RMII tx data bit 0
01  Reserved
02  Reserved
03 GPIO59
L1 gpio[60] 2 1/0 00  MII/RMII tx data bit 1

01 Reserved
02  Reserved
03  GPIO[60]

Table 9: GP1O MUX pinout
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Signal oD
Pin # name Uu/D (mA) 1I/O0 Description (4 options: 00, 01, 02, 03)
K1 gpio[61] 2 110 00  MII tx data bit 2
01  Reserved
02  Reserved
03 GPIO61
K3 gpio[62] 2 110 00  MII tx data bit 3
01  Reserved
02  Reserved
03 GPIO62
P2 gpio[63] 2 1/10 00 Ml collision
01  Reserved
02  Reserved
03 GPIO 63
R1 gpio[64] 2 110 00  MII/RMII carrier sense
01  Reserved
02  Reserved
03 GPIO 64
P1 gpio[65] U 2 1/10 00  MII/RMII enet phy interrupt
01  Reserved
02  Reserved
03 GPIO 65
H19 gpio[66] 8 110 00 Mem addr[22]
01  Reserved
02  Reserved
03 GPIO 66
E18 gpio[67] 8 1/0 00 Mem addr[23]
01  Reserved
02  Reserved
03 GPIO 67
D19 gpio[68] 8 110 00 Mem addr[24]

01  Memclk_en[0]
02  ExtIRQ 0 (duplicate)
03 GPIO 68

Table 9: GPIO MUX pinout
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Signal oD
Pin # name U/D (mA) 1/O Description (4 options: 00, 01, 02, 03)
C20 gpio[69] 8 1/10 00 Mem addr[25]
01 Memclk_en[1]
02  ExtIRQ 1 (duplicate)
03 GPIO69
Al7 gpio[70] 8 /0 00 Mem addr[26]
01 Memclk_en[2]
02 iic_scl (duplicate)
03 GPIOT0
B16 gpio[71] 8 1/10 00 Mem addr[27]
01 Memclk_en[3]
02  iic_sda (duplicate)
03 GPIOT71
J1 gpio[72] 8 1/0 00 Memta_strb

01  Reserved
02 Reserved
03 GPIO72

1 This pin is used for bootstrap initialization (see Table 49: "Configuration pins — Bootstrap
initialization" on page 154). Note that the GPIO pins used as bootstrap pins have a defined
powerup state that is required for the appropriate NS9360 configuration. If these GPIO pins are
also used to control external devices (for example, power switch enable), the powerup state for the
external device should be compatible with the bootstrap state. If the powerup state is not
compatible with the bootstrap state, either select a different GPIO pin to control the external
device or add additional circuitry to reach the proper powerup state to the external device.

2 gpio[17] is used as both a bootstrap input pin for PLL_ND and an output that controls a power switch for
USB Host power. If the power switch needs to powerup in the inactive state, the enable to the power
switch must be the same value as the bootstrap value for PLL_ND; for example, if PLL_ND requires
high on gpio[17], a high true power switch must be selected. gpio[16] is used for USB_OVR and should
have a noise filter to prevent false indications of overcurrent, unless the USB power IC has this filter
built in. See "Example: Implementing gpio[16] and gpio[17]" on page 61 for an illustration.

Table 9: GP10O MUX pinout
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Example: Implementing gpio[16] and gpio[17]

NS9360 See Note 1
USB POWER
Rl 0 OHM
USB_PWR, Ul ————O ENABLE_n
GPIO[17], X
BOOTST_ND4 OVERCUR_n [O
R2 INV
2.4K
L 3.3V
Rpull-
USB_OVR Rifilter % pull-up
GPI0[16] _]_
T Cfilter RC filter = 500uS

1 Powerup: GPIO[17] = Bootstrap ND4. Can be high or pulled low depending on
required CPU speed.

— If pulled low R2 in; populate inverter Ul
— If not pulled low; populate R1
R1 and Ul can be eliminated by selecting the ENABLE_n polarity of the USB
power IC to match the bootstrap state.
2 Code initializes USB registers. USB_PWR driven by USB IP.
3 Code sets gpio[16] and gpio[17] to mode 0 — USB.
—  Sets the INV function for USB_OVR;
— If R2 and U1l are populated, set the INV function for USB_PWR
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LCD module signals

62

The LCD module signals are multiplexed with GPIO pins. They include seven control
signals and up to 18 data signals. Table 10 describes the control signals.

Signal name Type Description

CLPOWER Output LCD panel power enable

CLLP Output Line synchronization pulse (STN) / horizontal synchronization pulse
(TFT)

CLCP Output LCD panel clock

CLFP Output Frame pulse (STN) / vertical synchronization pulse (TFT)

CLAC Output STN AC bias drive or TFT data enable output

CLDI[17:0] Output LCD panel data

CLLE Output Line end signal

Table 10: LCD module signal descriptions

The cLD[17:0] signal has seven modes of operation:

m  TFT 18-bit interface m  4-bit mono STN dual panel
m  Color STN single panel m  8-bit mono STN single panel
m  Color STN dual panel m  8-bit mono STN dual panel

m  4-bit mono STN single panel

See the discussion of LCD panel signal multiplexing details for information about the
CLD signals used with STN and TFT displays.
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NS9360 Pinout

Note: The I°C signals are muxed behind gpio, as noted in the Signal name /
muxed behind column.
Signal name / oD
Pin # muxed behind U/D (mA) I/O Description
Y17 iic_scl/gpio[34]] U 4 1/0 12C serial clock line. Add a 4.7K resistor to
VDDA (3.3V) for low speed applications, a 1.5K
resistor to VDDA (3.3V) for fast mode
applications
u1s5 iic_sda/gpio[35]] U 4 110 12C serial data line. Add a 4.7K resistor to
VDDA (3.3V) for low speed applications, a 1.5K
resistor to VDDA (3.3V) for fast mode
applications
Al7 iic_scl/gpio[70] 8 110 12C serial clock line. Add a 4.7K resistor to
VDDA (3.3V) for low speed applications, a 1.5K
resistor to VDDA (3.3V) for fast mode
applications
B16 iic_sda/gpio[71] 8 110 I2C serial data line. Add a 4.7K resistor to

VDDA (3.3V) for low speed applications, a 1.5K
resistor to VDDA (3.3V) for fast mode
applications

Table 11: 12C interface pinout

USB interface

Notes:

m  |f not using the USB interface, these pins should be pulled down to ground
through a 15K ohm resistor.

= All output drivers for USB meet the standard USB driver specification.

Pin #

B17

Table 12: USB interface pinout

Signal name

ush_dm

u/D

oD

(mA)

1/0

1/0

Description

USB data -
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Pin #

Al8

oD
Signal name Uu/bD (mA) 1/O0

usb_dp 1/10

Description

USB data +

Table 12: USB interface pinout
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JTAG interface for ARM core/boundary scan

Note: trst_n must be pulsed low to initialize JTAG when a debugger is not
attached.
oD

Pin # Signal name U/D (mA) I/O Description

G18 tek | Test clock

D20 tdi U | Test data in

G19 tdo 2 (0] Test data out

F19 tms U | Test mode select

F20 trst_n U | Test mode reset

Y4 rick U 2 1/0 Returned test clock, ARM core only

Table 13: JTAG interface/boundary scan pinout

Debug Mode JP1or R9 R6 Debug mode must be disabled on
Enable 33v customer units in production.
Disable r7
10K
NS9360 BGA272
R14 10K l\J/g PLLTEST* MODE
BISTEN*
8 2 scanen: INPUTS R10 2.4K
ZRiK RESET_DONE %
R2 pLLLPF F2— TR1 =
10K
p1 = R11 33
oy S LT S8 rex
18 17 RETh 520 ] TMS
1 ™ JTAG  rrek
14 13
12 o ek SRESETn W35l speseTs
10 9
8 7 m‘s o D . RESETn US o pesere
6 5
H :F JTRSTH TRSTH F200| rrs NS9360
2 1
HEADER 10X2.1SP R16 P 0 R17 P 0
D y
RlM i o453 o33y
L J 2 D 4 R18
= 33V 3 c2 1
= H 24 S D
JTAG 20 AND1_SOT23 - - )»—o s.3v - -
PIN - - ~>RESETn System RESET
HEADER.. JTD0 -
Should be JRTCK * D = Full Debug
positioned on PCB — P=Pr i
A - = Production Debu
with pin 1 facing 3gv A UL 9
toward board wvooonp
edge. L NOTES:
swi B R10: Boot Method
- al— —]» out - Flash/ROM/S_CS1n
1 VR__RST in: - SPI_B PROM to SDRAM/CSOn.
swps  ca MAXBI1_SOT143
RESET monitor R12: SRAM CS1 Byte Lane/Write Enable
= Trip =2.97V out - Write Enable

In - Byte Lane.

Figure 5: JTAG interface
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Reserved

Pin# Description

T18 No connect

Table 14: Reserved pins

Power and ground

66

Pin # Signal name Description
A2, Al,B2,B1,C3,D4, W1, Y1,W2,Y2,V3,U4, Y19, Y20, W19, VSS Ground
W20, V18, U17, B20, A20, B19, A19, C18, D17, E4, H4, J4, C16,

H17,E17, M17,N17, T17, D13, D12, D9, D8, U12, U9, T4, N4, C2,

D3, D16, C17, D18, B18, C19, V19, J9, J10, J11, J12, K9, K10, K11,

K12, L9, L10, L11, L12, M9, M10, M11, M12

F4, G4, P4, R4, U8, U7, U13, U14, P17, R17, F17, G17, D15, D14, VDDS +3.3V

D7, D6

K4, L4, M4, U10, U11, J17, K17, L17, D11, D10 VvDDC +1.5V

Table 15: Power and ground pins

NS9360 Hardware Reference



Working with the CPU

C HAPTER 3

The NS9360 core is based on the ARM926EJ-S processor. The ARM926EJ-S processor
belongs to the ARM9 family of general-purpose microprocessors. The ARM926EJ-S
processor is targeted at multi-tasking applications in which full memory
management, high performance, low die size, and low power are important.
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The ARM926EJ-S processor supports the 32-bit ARM and 16-bit Thumb instructions
sets, allowing you to trade off between high performance and high code density. The
processor includes features for efficient execution of Java byte codes, providing Java
performance similar to JIT but without the associated overhead.

The ARM926EJ-S supports the ARM debug architecture, and includes logic to assist in
both hardware and software debug. The processor has a Harvard-cached architecture
and provides a complete high-performance processor subsystem, including:

= ARM926EJ-S integer core

= Memory Management Unit (MMU) (see "Memory Management Unit (MMU),"
beginning on page 98, for information)

m  Separate instruction and data AMBA AHB bus interfaces

NS9360 Hardware Reference
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Figure 6 shows the main blocks in the ARM926EJ-S processor.

DEXT >
|- | -
Ll Lol
-}
Write buffer
p| DROUTE
il
o DCACHE -
.y
| Cache | -
- writeback Lt
PA write !
P»|| TAGRAM buffer
\
WDATA  RDATA | PA > MMU
L > -
DMVA > -
ARM926EJ-S FCSE IMVA L TLB
Ll
1A
INSTR T -
A
| -
>
ICACHE |
IROUTE ,7 -
-t -
IEXT |

Figure 6: ARM926EJ-S processor block diagram

Data
AHB
interface

Bus
interface
unit

Instruction
AHB
interface
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Instruction sets
Instruction sets

The processor executes three instruction sets:
m  32-bit ARM instruction set
m  16-bit Thumb instruction set

n 8-bit Java instruction set

ARM instruction set

The ARM instruction set allows a program to achieve maximum performance with the
minimum number of instructions. The majority of instructions are executed in a
single cycle.

Thumb instruction set

The Thumb instruction set is simpler than the ARM instruction set, and offers
increased code density for code that does not require maximum performance. Code
can switch between ARM and Thumb instruction sets on any procedure call.

Java instruction set

In Java state, the processor core executes a majority of Java bytecodes naturally.
Bytecodes are decoded in two states, compared to a single decode stage when in
ARM/Thumb mode. See "Jazelle (Java)" on page 97 for more information about Java.
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System control processor (CP15) registers

The system control processor (CP15) registers configure and control most of the
options in the ARM926EJ-S processor. Access the CP15 registers using only the MRC
and MCR instructions in a privileged mode; the instructions are provided in the
explanation of each applicable register. Using other instructions, or MRC and MCR in
unprivileged mode, results in an UNDEFINED instruction exception.

ARMO926EJ-S system addresses
The ARM926EJ-S has three distinct types of addresses:

In the ARM926EJ-S domain: Virtual address (VA)
In the Cache and MMU domain: Modified virtual address (MVA)
In the AMBA domain: Physical address (PA)

Example

This is an example of the address manipulation that occurs when the ARM926EJ-S
core requests an instruction:

1
2

The ARM926EJ-S core issues the virtual address of the instruction.

The virtual address is translated using the FCSE PID (fast context switch
extension process ID) value to the modified virtual address. The instruction
cache (ICache) and memory management unit (MMU) find the modified virtual
address (see "R13: Process ID register" on page 94).

If the protection check carried out by the MMU on the modified virtual address
does not abort and the modified virtual address tag is in the ICache, the
instruction data is returned to the ARM926EJ-S core.

If the protection check carried out by the MMU on the modified virtual
address does not abort but the cache misses (the MVA tag is not in the
cache), the MMU translates the modified virtual address to produce the
physical address. This address is given to the AMBA bus interface to perform
an external access.
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Accessing CP15 registers

Use only MRC and MCR instructions, only in privileged mode, to access CP15 registers.
Figure 7 shows the MRC and MCR instruction bit pattern.

31 28 27 26 25 24 23 21 2019

16 15 12 1110 9 8 7 5 4 3 0

Opcode
1

Cond 1|11|1|0 L CRn

Opcode
2

Rd 111|111 1 CRm

Figure 7: CP15 MRC and MCR bit pattern

The mnemonics for these instructions are:

MCR{cond} p15,opcode_1,Rd,CRn,CRm,opcode_2
MRC{cond} p15,opcode_1,Rd,CRn,CRm,opcode_2

If you try to read from a write-only register or write to a read-only register, you will
have UNPREDICTABLE results. In all instructions that access CP15:

m  The opcode_1 field SHOULD BE ZERO, except when the values specified are used
to select the operations you want. Using other values results in

unpredictable behavior.

m  The opcode_2 and crm fields SHOULD BE ZERO, except when the values
specified are used to select the behavior you want. Using other values

results in unpredictable behavior.

Terms and abbreviations

72

Table 16 lists the terms and abbreviations used in the CP15 registers and

explanations.

Term Abbreviation

UNPREDICTABLE UNP

Table 16: CP15 terms and abbreviations

Description

For reads:

The data returned when reading from this location is
unpredictable, and can have any value.

For writes:

Writing to this location causes unpredictable
behavior, or an unpredictable change in device
configuration.

NS9360 Hardware Reference
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Description

An instruction that accesses CP15 in the manner

indicated takes the UNDEFINED instruction exception.

When writing to this field, all bits of the field SHOULD
BE ZERO.

When writing to this location, all bits in this field
SHOULD BE ONE.

Term Abbreviation
UNDEFINED UND
SHOULD BE ZERO SBZ
SHOULD BE ONE SBO
SHOULD BE ZERO or SBZP
PRESERVED

When writing to this location, all bits of this field
SHOULD BE ZERO or PRESERVED by writing the
same value that has been read previously from the
same field.

Table 16: CP15 terms and abbreviations

Note: In all cases, reading from or writing any data values to any CP15 registers,
including those fields specified as UNPREDICTABLE, SHOULD BE ONE, Or
SHOULD BE ZERO, does not cause any physical damage to the chip.

Register summary

CP15 uses 16 registers.

m  Register locations 0, 5, and 13 each provide access to more than one
register. The register accessed depends on the value of the opcode_2 field in
the CP15 MRC/MCR instructions (see "Accessing CP15 registers" on page 72).

m  Register location 9 provides access to more than one register. The register
accessed depends on the value of the crm field (see "Accessing CP15

registers" on page 72).

Register Reads

Writes

ID code (based on opcode_2 value) Unpredictable
Cache type (based on opcode_2 value) Unpredictable
Control Control

Translation table base

Translation table base

W| N| k| O| O

Domain access control

Table 17: CP15 register summary

Domain access control

www.digiembedded.com

73


http://www.digiembedded.com

System control processor (CP15) registers
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Register Reads Writes

4 Reserved Reserved

5 Data fault status (based on opcode_2 value) Data fault status (based on opcode_2 value)

6 Instruction fault status (based on opcode_2 Instruction fault status (based on opcode_2
value) value)

7 Cache operations Cache operations

8 Unpredictable TLB

9 Cache lockdown (based on CRm value) Cache lockdown

10 TLB lockdown TLB lockdown

11 and 12 Reserved Reserved

13 FCSE PID (based on opcode_2 value) FCSE PID (based on opcode_2 value)
FCSE = Fast context switch extension FCSE = Fast context switch extension
PID = Process identifier PID = Process identifier

13 Context ID (based on opcode_2 value) Context ID (based on opcode_2 value)

14 Reserved Reserved

15 Test configuration Test configuration

Table 17: CP15 register summary

All CP15 register bits that are defined and contain state are set to 0 by reset, with
these exceptions:

m  The V bitis set to 0 at reset if the VINITHI signal is low, and set to 1 if the
VINITHI signal is high.

m  The B bitis set to 0 at reset if the BIGENDINIT signal is low, and set to 1 if the
BIGENDINIT signal is high.
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RO: ID code and cache type status registers

Register RO access the ID register, and cache type register. Reading from RO returns
the device ID, and the cache type, depending on the opcode_2 value:

opcode_2=0 ID value

opcode_2=1 instruction and data cache type

The crm field sHouLD BE zERO when reading from these registers. Table 18 shows the
instructions you can use to read register RO.

Function Instruction
Read ID code MRC p15,0,Rd,c0,c0,{0, 3-7}
Read cache type MRC p15,0,Rd,c0,c0,1

Table 18: Reading from register RO

Writing to register RO is UNPREDICTABLE.

RO: ID code

RO: ID code is a read-only register that returns the 32-bit device ID code. You can
access the ID code register by reading CP15 register RO with the opcode_2 field set to
any value other than 1 or 2. Note this example:

MRC p15, 0, Rd, c0, c0, {0, 3-7}; returns ID
Table 19 shows the contents of the ID code register.

Bits Function Value
[31:24] ASCII code of implementer trademark 0x41
[23:20] Specification revision 0x0
[19:16] Architecture (ARMV5TEJ) 0x6
[15:4] Part number 0x926
[3:0] Layout revision 0x0

Table 19: RO: ID code
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RO: Cache type register

RO: Cache type is a read-only register that contains information about the size and
architecture of the instruction cache (ICache) and data cache (DCache) enabling
operating systems to establish how to perform operations such as cache cleaning and
lockdown. See "Cache features" on page 124 for more information about cache.

You can access the cache type register by reading CP15 register RO with the opcode_2
field set to 1. Note this example:

MRC p15, 0, Rd, c0, 0, 1; returns cache details
Figure 8 shows the format of the cache type register. Table 20 describes the fields in
the register.

31 28 25 24 23 12

0|0|0 Ctype S Dsize Isize

Figure 8: Cache type register format

Field Description

Ctype Determines the cache type, and specifies whether the cache supports lockdown and how it is
cleaned. Ctype encoding is shown below; all unused values are reserved.

Value: 0b1110

Method: Writeback

Cache cleaning: Register 7 operations (see "R7: Cache Operations register" on page 84)
Cache lockdown: Format C (see "R9: Cache Lockdown register” on page 89)

S bit Specifies whether the cache is a unified cache (S=0) or separate ICache and DCache (S=1).
Will always report separate ICache and DCache for NS9360.

Dsize Specifies the size, line length, and associativity of the DCache.

Isize Species the size, length and associativity of the ICache.

Table 20: Cache type register field definition

Dsize and Isize fields
The Dsize and Isize fields in the cache type register have the same format, as shown:
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Size

Assoc M| Len

The field contains these bits:

Field Description
Size Determines the cache size in conjunction with the M bit.
m  The M bit is 0 for DCache and ICache.
m  The size field is bits [21:18] for the DCache and bits [9:6] for the ICache.
m  The minimum size of each cache is 4 KB; the maximum size is 128 KB.
m  Cache size encoding with M=0:
Size field Cache size
0b0011 4 KB
0b0100 8 KB
Note:  The NS9360 always reports 4KB for DCache and 8KB for ICache.
Assoc Determines the cache associativity in conjunction with the M bit.
m  The M bit is 0 for both DCache and ICache.
m  The assoc field is bits [17:15 for the DCache and bits [5:3] for the ICache.
m  Cache associativity with encoding:
Assoc field Associativity
0b010 4-way
Other values Reserved
M bit Multiplier bit. Determines the cache size and cache associativity values in conjunction with the
size and assoc fields.
Note:  This field must be set to 0 for the ARM926EJ-S processor.
Len Determines the line length of the cache.

The len field is bits [13:12] for the DCache and bits [1:0] for the ICache.
Line length encoding:

Len field Cache line length
10 8 words (32 hytes)
Other values Reserved
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R1: Control register

Register R1 is the control register for the ARM926EJ-S processor. This register
specifies the configuration used to enable and disable the caches and MMU (memory
management unit). It is recommended that you access this register using a read-
modify-write sequence.

For both reading and writing, the cRm and opcode_2 fields SHOULD BE zeErRO. Use these
instructions to read and write this register:

MRC p15, 0, Rd, c1, c0, 0 ; read control register
MCR p15, Rd, c1, c0, 0 ; write control register

All defined control bits are set to zero on reset except the V bit and B bit.
m  The V bit is set to zero at reset if the VINITHI signal is low.

m  The B bitis set to zero at reset if the BIGENDINIT signal is low, and set to one
if the BIGENDINIT signal is high.

Figure 9 shows the Control register format. Table 21 describes the Control register bit
functionality.

31 19 18 17 16 15 14 13 12 11 10 9 8 7 6 321 0
SSSLR
SBZ BBB4RVISBZRSB SBO C|A|M
Oo|z]|O

Figure 9: Control register format

Bits Name Function

[31:19] N/A Reserved:
m  When read, returns an UNPREDICTABLE value.

m  When written, SHOULD BE ZERO, or a value read from bits
[31:19] on the same processor.

m  Use a read-modify-write sequence when modifying this
register to provide the greatest future compatibility.

[18] N/A Reserved, SBO. Read = 1, write =1.
[17] N/A Reserved, SBZ. read = 0, write = 0.
[16] N/A Reserved, SBO. Read = 1, write = 1.

Table 21: R1: Control register bit definition
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Name

L4
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Function

Determines whether the T is set when load instructions change
the PC.

0 Loadsto PC setthe T bit
1 Loads to PC do not set the T bit

[14]

RR bit

Replacement strategy for ICache and DCache
0 Random replacement
1 Round-robin replacement

[13]

V bit

Location of exception vectors

0 Normal exception vectors selected; address range=0x0000
0000 to 0x0000 001C

1 High exception vectors selected; address range=0xFFFF
0000 to OxFFFF 001C

Set to the value of VINITHI on reset.

[12]

I bit

ICache enable/disable
0 ICache disabled
1 ICache enabled

[11:10]

N/A

SHOULD BE ZERO

(9]

R bit

ROM protection
Modifies the ROM protection system.

(8]

S bit

System protection

Modifies the MMU protection system. See "Memory
Management Unit (MMU)," beginning on page 98.

(7]

B bit

Endianness

0 Little endian operation

1 Big endian operation

Set to the value of BIGENDINIT on reset.

[6:3]

N/A

Reserved. SHOULD BE ONE.

(2]

C bit

DCache enable/disable
0 Cache disabled
1 Cache enabled

(1]

A bit

Alignment fault enable/disable
0 Data address alignment fault checking disabled
1 Data address alignment fault checking enabled

Table 21: R1: Control register bit definition
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Bits Name Function

[0] M bit MMU enable/disable
0 Disabled
1 Enabled

Table 21: R1: Control register bit definition

The M, C, I, and RR bits directly affect ICache and DCache behavior, as shown:

Cache MMU Behavior

ICache disabled Enabled or disabled All instruction fetches are from external memory (AHB).

ICache enabled Disabled All instruction fetches are cachable, with no protection
checking. All addresses are flat-mapped; that is:
VA=MVA=PA.

ICache enabled Enabled Instruction fetches are cachable or noncachable, and

protection checks are performed. All addresses are
remapped from VA to PA, depending on the MMU page
table entry; that is, VA translated to MVA, MVA
remapped to PA.

DCache disabled Enabled or disabled All data accesses are to external memory (AHB).

DCache enabled Disabled All data accesses are noncachable nonbufferable. All
addresses are flat-mapped; that is, VA=MVA=PA.

DCache enabled Enabled All data accesses are cachable or noncachable, and
protection checks are performed. All addresses are
remapped from VA to PA, depending on the MMU page
table entry; that is, VA translated to MVA, MVA
remapped to PA.

Table 22: Effects of Control register on caches

If either the DCache or ICache is disabled, the contents of that cache are not
accessed. If the cache subsequently is re-enabled, the contents will not have
changed. To guarantee that memory coherency is maintained, the DCache must be
cleaned of dirty data before it is disabled.
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R2: Translation Table Base register

Register R2 is the Translation Table Base register (TTBR), for the base address of the

first-level translation table.

m  Reading from R2 returns the pointer to the currently active first-level
translation table in bits [31:14] and an UNPREDICTABLE value in bits [13:0].

= Writing to R2 updates the pointer to the first-level translation table from
the value in bits[31:14] of the written value. Bits [13:0] SHOULD BE ZERO.

Use these instructions to access the Translation Table Base register:

MRC p15, 0, Rd, ¢2, c0, 0 ; read TTBR
MCR p15, 0, Rd, 2, c0, 0 ; write TTBR

The cRm and opcode_2 fields SHOULD BE ZERO when writing to R2.

Figure 10 shows the format of the Translation Table Base register.

31 14 13 0

Translation table base UNP/SBZ

Figure 10: R2: Translation Table Base register

R3: Domain Access Control register

Register R3 is the Domain Access Control register and consists of 16 two-bit fields, as
shown in Figure 11.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 O

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Figure 11: R3: Domain Access Control register

m  Reading from R3 returns the value of the Domain Access Control register.
= Writing to R3 writes the value of the Domain Access Control register.

Each two-bit field defines the access permissions for one of the 16 domains (D15-D0):

00 No access: Any access generates a domain fault
01 Client: Accesses are checked against the access permission bits in the section or page descriptor
10 Reserved: Currently behaves like no access mode (00)
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R4 register

11 Manager: Accesses are not checked against the access permission bits, so a permission fault
cannot be generated.

Use these instructions to access the Domain Access Control register:

MRC p15, 0, Rd, c3, c0, 0 ; read domain access permissions
MCR p15, 0, Rd, c3, c0, 0 ; write domain access permissions

Accessing (reading or writing) this register causes UNPREDICTABLE behavior.

R5: Fault Status registers

82

Register R5 accesses the Fault Status registers (FSRs). The Fault Status registers
contain the source of the last instruction or data fault. The instruction-side FSR is
intended for debug purposes only.

The FSR is updated for alignment faults and for external aborts that occur while the
MMU is disabled. The FSR accessed is determined by the opcode_2 value:

opcode_2=0 Data Fault Status register (DFSR)

opcode_2=1 Instruction Fault Status register (IFSR)

See "Memory Management Unit (MMU)," beginning on page 98, for the fault type
encoding.

Access the FSRs using these instructions:

MRC p15, 0, Rd, ¢5, c0, 0 ; read DFSR

MCR p15, 0, Rd, ¢5, 0, 0 ; write DFSR

MRC p15, 0, Rd, ¢5, c0, 1 ; read IFSR

MCR p15, 0, Rd, ¢5, c0, 1 ; write IFSR
Figure 12 shows the format of the Fault Status registers. Table 23 describes the Fault
Status register bits.

31 9 8 7 4 3 0

UNP/SBZ 0 Domain Status

Figure 12: Fault Status registers format
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Bits Description

[31:9] UNPREDICTABLE/SHOULD BE ZERO

[8] Always reads as zero. Writes are ignored.

[7:4] Specifies which of the 16 domains (D15-D0) was being accessed when a data
fault occurred.

[3:0] Type of fault generated. (See "Memory Management Unit (MMU)," beginning
on page 98.)

Table 23: Fault Status register bit description

Table 24 shows the encodings used for the status field in the Fault Status register, and
indicates whether the domain field contains valid information. See "MMU faults and
CPU aborts" on page 114 for information about MMU aborts in Fault Address and Fault

Status registers.

Priority Source Size Status Domain
Highest Alignment N/A 0b00x1 Invalid
External abort on translation First level 0b1100 Invalid
Second level 0b1110 Valid
Translation Section page 0b0101 Invalid
0b0111 Valid
Domain Section page 0b1001 Valid
0b1011 Valid
Permission Section page 0b1101 Valid
0b1111 Valid
Lowest External abort Section page 0b1000 Valid
0b1010 Valid

Table 24: Fault Status register status field encoding
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R6: Fault Address register

Register R6 accesses the Fault Address register (FAR). The Fault Address register
contains the modified virtual address of the access attempted when a data abort
occurred. This register is updated only for data aborts, not for prefetch aborts; it is
updated also for alignment faults and external aborts that occur while the MMU is
disabled.

Use these instructions to access the Fault Address register:

MRC p15, 0, Rd, ¢6, c0, 0 ; read FAR
MCR p15, 0, Rd, c6, 0, 0 ; write FAR

Writing R6 sets the Fault Address register to the value of the data written. This is
useful for debugging, to restore the value of a Fault Address register to a previous
state.

The cRm and opcode_2 fields SHOULD BE ZERO when reading or writing R6.

R7: Cache Operations register

84

Register R7 controls the caches and write buffer. The function of each cache
operation is selected by the opcode_2 and crRm fields in the MCR instruction that writes
to CP15 R7. Writing other opcode_2 or CRm values is UNPREDICTABLE.

Reading from R7 is UNPREDICTABLE, with the exception of the two test and clean
operations (see Table 26, “R7: Cache operations,” on page 86 and "Test and clean
operations" on page 87).
Use this instruction to write to the Cache Operations register:

MCR p15, opcode_1, Rd, CRn, CRm, opcode_2
Table 25 describes the cache functions provided by register R7. Table 26 lists the
cache operation functions and associated data and instruction formats for R7.

Function Description
Invalidate cache Invalidates all cache data, including any dirty data.
Invalidate single entry using either index or Invalidates a single cache line, discarding any dirty data.

modified virtual address

Table 25: Cache Operations register function descriptions
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Clean single data entry using either index or
modified virtual address

Working with the CPU

Description

Writes the specified DCache line to main memory if the
line is marked valid and dirty. The line is marked as not
dirty, and the valid bit is unchanged.

Clean and invalidate single data entry using
wither index or modified virtual address.

Writes the specified DCache line to main memory if the
line is marked valid and dirty. The line is marked not valid.

Test and clean DCache

Tests anumber of cache lines, and cleans one of them if any
are dirty. Returns the overall dirty state of the cache in bit
30. (See "Test and clean operations" on page 87).

Test, clean, and invalidate DCache

Tests a number of cache lines, and cleans one of them if any
are dirty. When the entire cache has been tested and
cleaned, it is invalidated. (See "Test and clean operations"
on page 87).

Prefetch ICache line

Performs an 1Cache lookup of the specified modified
virtual address. If the cache misses and the region is
cachable, a linefill is performed.

Drain write buffer

Acts as an explicit memory barrier. This instruction drains
the contents of the write buffers of all memory stores
occurring in program order before the instruction is
completed. No instructions occurring in program order
after this instruction are executed until the instruction
completes.

Use this instruction when timing of specific stores to the
level two memory system has to be controlled (for
example, when a store to an interrupt acknowledge location
has to complete before interrupts are enabled).

Wait for interrupt

Drains the contents of the write buffers, puts the processor
into low-power state, and stops the processor from
executing further instructions until an interrupt (or debug
request) occurs. When an interrupt does occur, the MCR
instruction completes, and the IRQ or FIRQ handler is
entered as normal.

The return link in R14_irq or R14_fig contains the address of
the MCR instruction plus eight, so the typical instruction
used for interrupt return (SUBS PC,R14,#4) returns to the
instruction following the MCR.

Table 25: Cache Operations register function descriptions
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Function/operation Data format Instruction

Invalidate 1Cache and DCache SBZ MCR p15, 0, Rd, ¢7,¢7,0
Invalidate ICache SBZ MCR p15, 0, Rd, ¢7, ¢5,0
Invalidate 1Cache single entry (MVA) MVA MCR p15, 0, Rd, c7, ¢5, 1
Invalidate 1Cache single entry (set/way) Set/Way MCR p15, 0, Rd, c7, ¢5, 2
Prefetch ICache line (MVA) MVA MCR p15, 0, Rd, c7, ¢13, 1
Invalidate DCache SBZ MCR p15, 0, Rd, ¢7, ¢6, 0
Invalidate DCache single entry (MVA) MVA MCR p15, 0, Rd, c7, ¢6, 1
Invalidate DCache single entry (set/way) Set/Way MCR p15, 0, Rd, c7, c6, 2
Clean DCache single entry (MVA) MVA MCR p15, 0, Rd, ¢7, c10, 1
Clean DCache single entry (set/way) Set/Way MCR p15, 0, Rd, c7, C10, 2
Test and clean DCache n/a MRC p15, 0, Rd, ¢7, c10, 3
Clean and invalidate DCache entry (MVA) MVA MCR p15, 0, Rd, c7, c14, 1
Clean and invalidate DCache entry (set/way) Set/Way MCR p15, 0, Rd, c7, c14, 2
Test, clean, and invalidate DCache n/a MRC p15, 0, Rd, ¢7, c14, 3
Drain write buffer SBZ MCR p15, 0, Rd, c7, c10, 4
Wait for interrupt SBzZ MCR p15, 0, Rd, ¢7, c0, 4

Table 26: R7: Cache operations

Figure 13 shows the modified virtual address format for Rd for the CP15 R7 MCR
operations.
m  The tag, set, and word fields define the MVA.

m  For all cache operations, the word field SHOULD BE ZERO.

31 S+5 S+4 5 4 21 0

Tag Set(=index) Word SBZ

Figure 13: R7: MVA format
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Figure 14 shows the Set/Way format for Rd for the CP15 R7 MCR operations.

= Aand S are the base-two logarithms of the associativity and the number of
sets.

m  The set, way, and word files define the format.
m  For all of the cache operations, word SHOULD BE ZERO.

For example, a 16 KB cache, 4-way set associative, 8-word line results in the
following:

m A =log, associativity = log,4 = 2

m  S=log, NSETS where
NSETS = cache size in bytes/associativity/line length in bytes:
NSETS = 16384/4/32 = 128
Result: S =log, 128 = 7

31 32-A 31-A S+5 S+4 5 4 21 0

Way SBZ Set(=index) Word SBZ

Figure 14: R7: Set/Way format

Test and clean operations

Test and clean DCache instruction

The test and clean DCache instruction provides an efficient way to clean the entire
DCache, using a simple loop. The test and clean DCache instruction tests a number of
lines in the DCache to determine whether any of them are dirty. If any dirty lines are
found, one of those lines is cleaned. The test and clean DCache instruction also
returns the status of the entire DCache in bit 30.

Note: The test and clean DCache instruction MRC p15, 0, ri5, ¢7, ¢10, 3 is a special
encoding that uses ri5 as a destination operand. The PC is not changed by
using this instruction, however. This MRC instruction also sets the
condition code flags.

If the cache contains any dirty lines, bit 30 is set to 0. If the cache contains no dirty
lines, bit 30 is set to 1. Use the following loop to clean the entire cache:

tc_loop: MRC p15, 0, r15, ¢7, c10, 3 ; test and clean
BNE tc_loop
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Test, clean, and invalidate DCache instruction

The test, clean, and invalidate DCache instruction is the same as the test and clean
DCache instruction except that when the entire cache has been cleaned, it is
invalidated. Use the following loop to test, clean, and invalidate the entire DCache:

tci_loop: MRC p15, 0, r15, c7, c14, 3 ; test clean and invalidate
BNE tci_loop

R8:TLB Operations register

88

Register R8 is a write-only register that controls the translation lookaside buffer
(TLB). There is a single TLB used to hold entries for both data and instructions. The
TLB is divided into two parts:

m  Set-associative
m  Fully-associative

The fully-associative part (also referred to as the lockdown part of the TLB) stores
entries to be locked down. Entries held in the lockdown part of the register are
preserved during an invalidate-TLB operation. Entries can be removed from the
lockdown TLB using an invalidate TLB single entry operation.

There are six TLB operations; the function to be performed is selected by the opcode_2
and crm fields in the MCR instruction used to write register R8. Writing other opcode_2
or CRm values is UNPREDICTABLE. Reading from this register is UNPREDICTABLE.

Use the instruction shown in Table 27 to perform TLB operations.

Operation Data Instruction

Invalidate set-associative TLB SBzZ MCR p15, 0, Rd, ¢8, ¢7,0
Invalidate single entry SBz MCR p15, 0, Rd, 8, c7. 1
Invalidate set-associative TLB SBzZ MCR p15, 0, Rd, ¢8, ¢5, 0
Invalidate single entry MVA MCR p15, 0, Rd, ¢8, 5, 1
Invalidate set-associative TLB SBzZ MCR p15, 0, Rd, ¢8, ¢6, 0
Invalidate single entry MVA MCR p15, 0, Rd, c8, 6, 1

Table 27: R8: Translation Lookaside Buffer operations
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m  The invalidate TLB operations invalidate all the unpreserved entries in the
TLB.

m  The invalidate TLB single entry operations invalidate any TLB entry
corresponding to the modified virtual address given in Rd, regardless of its
preserved state. See "R10: TLB Lockdown register,"” beginning on page 92,
for an explanation of how to preserve TLB entries.

Figure 15 shows the modified virtual address format used for invalid TLB single entry
operations.

31 100 9 0

Modified virtual address SBZ

Figure 15: R8: TLB Operations, MVA format

Note: If either small or large pages are used, and these pages contain subpage
access permissions that are different, you must use four invalidate TLB
single entry operations, with the MVA set to each subpage, to invalidate
all information related to that page held in a TLB.

R9: Cache Lockdown register

Register R9 access the cache lockdown registers. Access this register using CRm=0.

The Cache Lockdown register uses a cache-way-based locking scheme (format C) that
allows you to control each cache way independently.

These registers allow you to control which cache-ways of the four-way cache are used
for the allocation on a linefill. When the registers are defined, subsequent linefills
are placed only in the specified target cache way. This gives you some control over
the cache pollution cause by particular applications, and provides a traditional
lockdown operation for locking critical code into the cache.

A locking bit for each cache way determines whether the normal cache allocation is

allowed to access that cache way (see Table 29, “Cache Lockdown register L bits,” on
page 91). A maximum of three cache ways of the four-way associative cache can be

locked, ensuring that normal cache line replacement is performed.

Note: If no cache ways have the L bit set to 0, cache way 3 is used for all
linefills.
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The first four bits of this register determine the L bit for the associated cache way.
The opcode_2 field of the MRC or MCR instruction determines whether the instruction
or data lockdown register is accessed:

opcode_2=0 Selects the DCache Lockdown register, or the Unified
Cache Lockdown register if a unified cache is
implemented. The ARM926EJ-S processor has separate
DCache and ICache.

opcode_2=1 Selects the ICache Lockdown register.

Use the instructions shown in Table 28 to access the CacheLockdown register.

Function Data Instruction

Read DCache Lockdown register L bits MRC p15, 0, Rd, ¢9, c0, 0
Write DCache Lockdown register L bits MCR p15, 0, Rd, ¢9, c0, 0
Read 1Cache Lockdown register L bits MRC p15, 0, Rd, ¢9, c0, 1
Write 1Cache Lockdown register L bits MCR p15, 0, Rd, ¢9, c0, 1

Table 28: Cache Lockdown register instructions

You must modify the Cache Lockdown register using a modify-read-write sequence;
for example:

MRC p15, 0, Rn, 9, c0, 1 ;
ORR Rn, Rn, 0x01 ;
MCR p15, 0, Rn, ¢9, c0, 1 ;

This sequence sets the L bit to 1 for way 0 of the ICache. Figure 16 shows the format
for the Cache Lockdown register.

31 16 15 4 3 0

L bits

SBZ/UNP SBO (cache ways
0to 3)

Figure 16: R9: Cache Lockdown register format

Table 29 shows the format of the Cache Lockdown register L bits. All cache ways are
available for allocation from reset.
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Bits 4-way associative Notes

[31:16] UNP/SBZ Reserved

[15:4] OXFFF SBO

[3] L bit for way 3 Bits [3:0] are the L bits for each cache way:

2] L bit for way 2 0 Allocation to the c_ache way is determined by the standard
replacement algorithm (reset state)

[1] L bit for way 1 1 Noallocation is performed to this way

[0] L bit for way 0

Table 29: Cache Lockdown register L bits

Use one of these procedures to lockdown and unlock cache:
m  Specific loading of addresses into a cache way

m  Cache unlock procedure

Specific loading of addresses into a cache-way

The procedure to lock down code and data into way i of cache, with N ways, using
format C, makes it impossible to allocate to any cache way other than the target
cache way:

1 Ensure that no processor exceptions can occur during the execution of this
procedure; for example, disable interrupts. If this is not possible, all code and
data used by any exception handlers must be treated as code and data as in
Steps 2 and 3.

2  IfanICache way is being locked down, be sure that all the code executed by the
lockdown procedure is in an uncachable area of memory or in an already locked
cache way.

3 IfaDCache way is being locked down, be sure that all data used by the lockdown
procedure is in an uncachable area of memory or is in an already locked cache
way.

4 Ensure that the data/instructions that are to be locked down are in a cachable
area of memory.

5  Be sure that the data/instructions that are to be locked down are not already in
the cache. Use the Cache Operations register (R7) clean and/or invalidate
functions to ensure this.
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6  Write these settings to the Cache Lockdown register (R9), to enable allocation to
the target cache way:

CRm=0
Set L ==0 for bit i
Set L == 1 for all other bits

7  For each of the cache lines to be locked down in cache way i:
— If a DCache is being locked down, use an LDR instruction to load a word
from the memory cache line to ensure that the memory cache line is loaded
into the cache.

— If an ICache is being locked down, use the Cache Operations register (R7)
MCR prefetch ICache line (<CRm>==c13, <opcode2>==1) to fetch the memory
cache line into the cache.

8  Write <cRm>==0 to Cache Lockdown register (R9), setting L==1 for bit i and
restoring all other bits to the values they had before the lockdown routine was
started.

Cache unlock procedure

To unlock the locked down portion of the cache, write to Cache Lockdown register
(R9) setting L==0 for the appropriate bit. The following sequence, for example, sets
the L bit to 0 for way 0 of the ICache, unlocking way 0:

MRC p15, 0, Rn, c9, 0, 1;

BIC Rn, Rn, 0x01 ;

MCR p15, 0, Rn, ¢9, c0, 1;

R10: TLB Lockdown register

92

The TLB Lockdown register controls where hardware page table walks place the TLB
entry — in the set associative region or the lockdown region of the TLB. If the TLB
entry is put in the lockdown region, the register indicates which entry is written. The
TLB lockdown region contains eight entries (see the discussion of the TLB structure in
"TLB structure,” beginning on page 123, for more information).

NS9360 Hardware Reference



Working with the CPU

Figure 17 shows the TLB lockdown format.

31 29 28 26 25 0

SBZ Victim SBZ/UNP P

Figure 17: TLB Lockdown register format

When writing the TLB Lockdown register, the value in the P bit (D0) determines in
which region the TLB entry is placed:

P=0 Subsequent hardware page table walks place the TLNB entry in the set associative region
of the TLB.
P=1 Subsequent hardware page table walks place the TLB entry in the lockdown region at the

entry specified by the victim, in the range 0-7.

TLB entries in the lockdown region are preserved so invalidate-TLB operations only
invalidate the unpreserved entries in the TLB; that is, those entries in the set-
associative region. Invalidate-TLB single entry operations invalidate any TLB entry
corresponding to the modified virtual address given in Rd, regardless of the entry’s
preserved state; that is, whether they are in lockdown or set-associative TLB regions.
See "R8:TLB Operations register" on page 88 for a description of the TLB-invalidate
operations.

Use these instructions to program the TLB Lockdown register:

Function Instruction
Read data TLB lockdown victim MRC p15, 0, Rd, 10, c0, 0
Write data TLB lockdown victim MCR p15, 0, Rd, 10, c0, 0

The victim automatically increments after any table walk that results in an entry
being written into the lockdown part of the TLB.

Note: It is not possible for a lockdown entry to map entirely either small or large
pages, unless all subpage access permissions are the same. Entries can
still be written into the lockdown region, but the address range that is
mapped covers only the subpage corresponding to the address that was
used to perform the page table walk.
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Sample code sequence
This example shows the code sequence that locks down an entry to the current

victim.

ADR r1,LockAddr ; set R1 to the value of the address to be locked down

MCR p15,0,r1,c8,c7,1 ;invalidate TLB single entry to ensure that
LockAddr is not already in the TLB

MRC p15,0,r0,¢10,c0,0 ; read the lockdown register

ORR r0,r0,#1 ; set the preserve bit

MCR p15,0,r0,c¢10,c0,0 ; write to the lockdown register

LDR r1,[r1] ; TLB will miss, and entry will be loaded

MRC p15,0,r0,¢10,c0,0 ; read the lockdown register (victim will have

: incremented
BIC r0,r0,#1 ; clear preserve bit
MCR p15,0,r0,¢10,c0,0 ; write to the lockdown register

R11 and R12 registers

Accessing (reading or writing) these registers causes UNPREDICTABLE behavior.

R13: Process ID register

The Process ID register accesses the process identifier registers. The register
accessed depends on the value on the opcode_2 field:

opcode_2=0 Selects the Fast Context Switch Extension (FCSE) Process Identifier (PID)
register.
opcode_2=1 Selects the context ID register.

Use the Process ID register to determine the process that is currently running. The
process identifier is set to 0 at reset.

FCSE PID register

Addresses issued by the ARM926EJ-S core, in the range 0 to 32 MB, are translated
according to the value contained in the FCSE PID register. Address A becomes

A+ (FCSE PID x 32 MB); it is this modified address that the MMU and caches see.
Addresses above 32 MB are not modified. The FCSE PID is a 7-bit field, which allows
128 x 32 MB processes to be mapped.
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If the FCSE PID is 0, there is a flat mapping between the virtual addresses output by
the ARM926EJ-S core and the modified virtual addresses used by the caches and MMU.
The FCSE PID is set to 0 at system reset.

If the MMU is disabled, there is no FCSE address translation.

FCSE translation is not applied for addresses used for entry-based cache or TLB
maintenance operations. For these operations, VA=MVA.

Use these instructions to access the FCSE PID register:

Function Data ARM instruction
Read FCSE PID FCSE PID MRC p15,0,Rd,c13,c0,0
Write FCSE PID FCSE PID MCR p15,0,Rd,c13,c0,0

Figure 18 shows the format of the FCSE PID register.

31 25 24 0

FCSE PID SBZ

Figure 18: Process ID register format

Performing a fast context switch

You can perform a fast context switch by writing to the Process ID register (R13) with
opcode_2 set to 0. The contents of the caches and the TLB do not have to be flushed
after a fast context switch because they still hold address tags. The two instructions
after the FCSE PID has been written have been fetched with the old FCSE PID, as
shown in this code example:

{FCSE PID = 0}
MOV r0, #1:SHL:25 :Fetched with FCSE PID =0
MCR p15,0,r0,¢13,c0,0 ;Fetched with FCSE PID =0
Al ;Fetched with FCSE PID =0
A2 ;Fetched with FCSE PID =0
A3 :Fetched with FCSE PID = 1

Al, A2, and A3 are the three instructions following the fast context switch.
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Context ID register

The Context ID register provides a mechanism that allows real-time trace tools to
identify the currently executing process in multi-tasking environments.

Use these instructions to access the Context ID register:

Function Data ARM instruction
Read context ID Context ID MRC p15,0,Rd,c13,c0,1
Write context ID Context ID MCR p15,0,Rd,c13,c0,1

Figure 19 shows the format of the Context ID register (Rd) transferred during this
operation.

31

Context identifier

Figure 19: Context ID register format

R14 register

Accessing (reading or writing) this register is reserved.

R15: Test and debug register

96

Register R15 to provides device-specific test and debug operations in ARM926EJ-S
processors. Use of this register currently is reserved.
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Jazelle (Java)

DSP

The ARM926EJ-S processor has ARM’s embedded Jazelle Java acceleration hardware
in the core. Java offers rapid application development to software engineers.

The ARM926EJ-S processor core executes an extended ARMV5TE instruction set, which
includes support for Java byte code execution (ARMV5TEJ). An ARM optimized Java
Virtual Machine (JVM) software layer has been written to work with the Jazelle
hardware. The Java byte code acceleration is accomplished by the following:

m  Hardware, which directly executes 80% of simple Java byte codes.

m  Software emulation within the ARM-optimized JVM, which addresses the
remaining 20% of the Java byte codes.

The ARM926EJ-S processor core provides enhanced DSP capability. Multiply
instructions are processed using a single cycle 32x16 implementation. There are
32x32, 32x16, and 16x16 multiply instructions, or Multiply Accumulate (MAC), and
the pipeline allows one multiply to start each cycle. Saturating arithmetic improves
efficiency by automatically selecting saturating behavior during execution, and is
used to set limits on signal processing calculations to minimize the effect of noise or
signal errors. All of these instructions are beneficial for algorithms that implement
the following:

m  GSM protocols
s FFT

m  State space servo control
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MMU Features

98

The MMU provides virtual memory features required by systems operating on
platforms such as WindowsCE or Linux. A single set of two-level page tables stored in
main memory control the address translation, permission checks, and memory region
attributes for both data and instruction accesses. The MMU uses a single, unified
Translation Lookaside Buffer (TLB) to cache the information held in the page tables.
TLB entries can be locked down to ensure that a memory access to a given region
never incurs the penalty of a page table walk.

Standard ARM926EJ-S architecture MMU mapping sizes, domains, and access
protection scheme.

Mapping sizes, as follows:
— 1 MB for sections

— 64 KB for large pages
— 4 KB for small pages

— 1 KB for tiny pages

Access permissions for large pages and small pages can be specified
separately for each quarter of the page (subpage permissions).

Hardware page table walks.

Invalidate entire TLB using R8: TLB Operations register (see "R8:TLB
Operations register" on page 88).

Invalidate TLB entry selected by MVA, using R8: TLB Operations register (see
"R8:TLB Operations register" on page 88).

Lockdown of TLB entries using R10: TLB Lockdown register (see "R10: TLB
Lockdown register” on page 92).

Access permissions and domains

For large and small pages, access permissions are defined for each subpage (1 KB for
small pages, 16 KB for large pages). Sections and tiny pages have a single set of
access permissions.
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All regions of memory have an associated domain. A domain is the primary access
control mechanism for a region of memory. It defines the conditions necessary for an
access to proceed. The domain determines whether:

m  Access permissions are used to qualify the access.

m  The access is unconditionally allowed to proceed.

m  The access is unconditionally aborted.

In the latter two cases, the access permission attributes are ignored.

There are 16 domains, which are configured using R3: Domain Access Control register
(see "R3: Domain Access Control register” on page 81).

Translated entries

The TLB caches translated entries. During CPU memory accesses, the TLB provides
the protection information to the access control logic.

When the TLB contains a translated entry for the modified virtual address (MVA), the
access control logic determines whether:

m  Access is permitted and an off-chip access is required — the MMU outputs
the appropriate physical address corresponding to the MVA.

m  Access is permitted and an off-chip access is not required — the cache
services the access.

m  Access is not permitted — the MMU signals the CPU core to abort.

If the TLB misses (it does not contain an entry for the MVA), the translation table walk
hardware is invoked to retrieve the translation information from a translation table in
physical memory. When retrieved, the translation information is written into the TLB,
possible overwriting an existing value.

At reset, the MMU is turned off, no address mapping occurs, and all regions are
marked as noncachable and nonbufferable.

MMU program accessible registers

Table 30 shows the CP15 registers that are used in conjunction with page table
descriptors stored in memory to determine MMU operation.
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Register Bits Description

R1: Control register M, A SR Contains bits to enable the MMU (M bit), enable data address
alignment checks (A bit), and to control the access protection
scheme (S bit and R bit).

R2: Translation Table Base [31:14] Holds the physical address of the base of the translation table

register maintained in main memory. This base address must be on a 16
KB boundary.

R3: Domain Access Control  [31:0] Comprises 16 two-bit fields. Each field defines the access

register control attributes for one of 16 domains (D15 to D0O0).

R5: Fault Status registers, [7:0] Indicates the cause of a data or prefetch abort, and the domain

IFSR and DFSR number of the aborted access when an abort occurs. Bits [7:4]
specify which of the 16 domains (D15 to D00) was being
accessed when a fault occurred. Bits [3:0] indicate the type of
access being attempted. The value of all other bits is
UNPREDICTABLE. The encoding of these bits is shown in
Table 31, “Priority encoding of fault status,” on page 104).

R6: Fault Address register ~ [31:0] Holds the MV A associated with the access that caused the data
abort. See Table 31, “Priority encoding of fault status,” on
page 104 for details of the address stored for each type of fault.

R8: TLB Operations [31:0] Performs TLB maintenance operations. These are either

register

invalidating all the (unpreserved) entries in the TLB, or
invalidating a specific entry.

R10: TLB Lockdown
register

[28:26] and O

Enables specific page table entries to be locked into the TLB.
Locking entries in the TLB guarantees that accesses to the
locked page or section can proceed without incurring the time
penalty of a TLB miss. This enables the execution latency for
time-critical pieces of code, such as interrupt handlers, to be
minimized.

Table 30: MMU program-accessible CP15 registers

All CP15 MMU registers, except R8: TLB Operations, contain state that can be read
using MRC instructions, and can be written using MCR instructions. Registers R5 (Fault
Status) and R6 (Fault Address) are also written by the MMU during an abort.

Writing to R8: TLB Operations causes the MMU to perform a TLB operation, to
manipulate TLB entries. This register is write-only.
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Address translation

The virtual address (VA) generated by the CPU core is converted to a modified virtual
address (MVA) by the FCSE (fast context switch extension) using the value held in
CP15 R13: Process ID register. The MMU translates MVAs into physical addresses to
access external memory, and also performs access permission checking.

The MMU table-walking hardware adds entries to the TLB. The translation
information that comprises both the address translation data and the access
permission data resides in a translation table located in physical memory. The MMU
provides the logic for automatically traversing this translation table and loading
entries into the TLB.

The number of stages in the hardware table walking and permission checking process
is one or two. depending on whether the address is marked as a section-mapped
access or a page-mapped access.

There are three sizes of page-mapped accesses and one size of section-mapped
access. Page-mapped accesses are for large pages, small pages, and tiny pages.

The translation process always begins in the same way — with a level-one fetch. A
section-mapped access requires only a level-one fetch, but a page-mapped access
requires an additional level-two fetch.

Translation table base

The hardware translation process is initiated when the TLB does not contain a
translation for the requested MVA. R2: Translation Table Base (TTB) register points to
the base address of a table in physical memory that contains section or page
descriptors, or both. The 14 low-order bits [13:0] of the TTB register are
UNPREDICTABLE on a read, and the table must reside on a 16 KB boundary.

Figure 20 shows the format of the TTB register.

31 14 13 0

Translation table base

Figure 20: R2: Translation Table base register

The translation table has up to 4096 x 32-bit entries, each describing 1 MB of virtual
memory. This allows up to 4 GB of virtual memory to be addressed.
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Figure 21 shows the table walk process.

TTB base
—_—

Indexed by
modified
virtual
address
bits [31:20]

Translation
table

Section base

Section

4096 entries

Indexed by
modified
virtual
address
bits [19:0]

Coarse page
table base

Indexed by
modified
virtual
address
bits [19:10]

Fine page
table base

Indexed by
modified
virtual
address
bits [19:12]

Figure 21: Translating page tables
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First-level fetch

Bits [31:14] of the TTB register are concatenated with bits [31:20] of the MVA to
produce a 30-bit address.

Figure 22 shows the concatenation and address:

Modified virtual address

31 20 19 0

Table index

Translation table base

31 14 13 0

Translation base

31 14 13 A\ 210
| Translation base Table index |O|0|
31 0

| First-level descriptor |

Figure 22: Accessing translation table first-level descriptors

This address selects a 4-byte translation table entry. This is a first-level descriptor for
either a section or a page.

First-level descriptor

The first-level descriptor returned is a section description, a coarse page table
descriptor, a fine page table descriptor, or is invalid. Figure 23 shows the format of a

first-level descriptor.
A section descriptor provides the base address of a 1 MB block of memory.
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The page table descriptors provide the base address of a page table that contains
second-level descriptors. There are two page-table sizes:

m  Coarse page tables, which have 256 entries and split the 1 MB that the
table describes into 4 KB blocks.

m  Fine page tables, which have 1024 entries and split the 1 MB that the table
describes into 1 KB blocks.

31 20 19 12 11 10 9 8 5 4 3 2 1 0
00| Fault
Coarse page table base address Domain 1 0| 1| Coarse page table
Section base address AP Domain 1|c|B|1]|0]| Secton
Fine page table base address Domain 1 1| 1| Fine page table

Figure 23: First-level descriptor

Table 31 shows first-level descriptor bit assignments.

Bits

Section Coarse Fine Description

[31:20] [31:10] [31:12] Forms the corresponding bits of the physical address.

[19:12] SHOULD BE ZERO

[11:10] Access permission bits. See "Access permissions and
domains” on page 98 and "Fault Address and Fault Status
registers" on page 115 for information about interpreting
the access permission bits.

9 9 [11:9] SHOULD BE ZERO

[8:5] [8:5] [8:5] Domain control bits

4 4 4 Must be 1.

Table 31: Priority encoding of fault status

104
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Bits C and B indicate whether the area of memory mapped

by this page is treated as write-back cachable, write-
through cachable, noncached buffered, or noncached
nonbuffered.

SHOULD BE ZERO

Bits

Section Coarse Fine
[3:2]
- [3:2] [3:2]
[1:0] [1:0] [1:0]

These bits indicate the page size and validity, and are

interpreted as shown in Table 32, “Interpreting first-level

descriptor bits [1:0],” on page 105.

Table 31: Priority encoding of fault status

Description

Generates a section translation fault.

Indicates that this is a coarse page table descriptor.

Indicates that this is a section descriptor.

Value Meaning

00 Invalid

01 Coarse page table
10 Section

11 Fine page table

Indicates that this is a fine page table descriptor.

Table 32: Interpreting first-level descriptor bits [1:0]

Section descriptor

A section descriptor provides the base address of a 1 MB block of memory. Figure 24
shows the section descriptor format. Table 33 describes the section descriptor bits.

31 20 19 12 11 10 9 5 4 3 2 1 0
S
Section base address SBZ AP | B Domain i1{c|B|1]|O
Z
Figure 24: Section descriptor
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Bits Description

[31:20] Forms the corresponding bits of the physical address for a section.

[19:12] Always written as 0.

[11:10] Specify the access permissions for this section.

[09] Always written as 0.

[8:5] Specifies one of the 16 possible domains (held in the Domain and Access Control register)
that contain the primary access controls.

4 Should be written as 1, for backwards compatibility.

[3:2] Indicate if the area of memory mapped by this section is treated as writeback cachable,

write-through cachable, noncached buffered, or noncached nonbuffered.

[1:0] Must be 10 to indicate a section descriptor.

Table 33: Section descriptor bits

Coarse page table descriptor

A coarse page table descriptor provides the base address of a page table that
contains second-level descriptors for either large page or small page accesses. Coarse
page tables have 256 entries, splitting the 1 MB that the table describes into 4 KB
blocks. Figure 25 shows the coarse page table descriptor format; Table 34 describes
the coarse page table descriptor bit assignments.

Note: If a coarse page table descriptor is returned from the first-level fetch, a
second-level fetch is initiated.

31 10 9 8 5 4 3 2 1 0

Coarse page table base address Domain 1|SBz |01

N T 0| ©

Figure 25: Coarse page table descriptor

Bits Description

[31:10] Forms the base for referencing the second-level descriptor (the coarse page table index for
the entry derived from the MVA).

Table 34: Coarse page table descriptor bits
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Bits Description

9 Always written as 0.

[8:5] Specifies one of the 16 possible domains (held in the Domain Access Control registers)
that contain the primary access controls.

4 Always written as 1.

[3:2] Always written as 0.

[1:0] Must be 01 to indicate a coarse page descriptor.

Table 34: Coarse page table descriptor bits

Fine page table descriptor

A fine page table descriptor provides the base address of a page table that contains

second-level descriptors for large page, small page, or tiny page accesses. Fine page
tables have 1024 entries, splitting the 1 MB that the table describes into 1 KB blocks.
Figure 26 shows the format of a fine page table descriptor. Table 35 describes the fine
page table descriptor bit assignments.

Note: If a fine page table descriptor is returned from the first-level fetch, a
second-level fetch is initiated.

31 12 11 9 8 5 4 3 2 10

Fine page table base address SBZ Domain 1{sez |11

Figure 26: Fine page table descriptor

Bits Description

[31:12] Forms the base for referencing the second-level descriptor (the fine page table index for
the entry is derived from the MVA).

[11:9] Always written as 0.

[8:5] Specifies one of the 16 possible domains (held in the Domain Access Control register) that
contain primary access controls.

4 Always written as 1.

[3:2} Always written as 0.

Table 35: Fine page table descriptor bits
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Bits Description

[1:0] Must be 11 to indicate a fine page table descriptor.

Table 35: Fine page table descriptor bits

Translating section references

Figure 27 shows the complete section translation sequence.

31 2019 0

Table index Section index

Translation table base
31 1413 0

Translation base

31 l 1413 \ 210

Translation base Table index 0|0

l Section first-level descriptor

31 2019 8 543210
Section base address SBZ AP (0| Domain | 1| C| B[O 1
l Physical address l
31 2019 0
Section base address Section index

Figure 27: Section translation

Second-level descriptor

The base address of the page table to be used is determined by the descriptor
returned (if any) from a first-level fetch — either a coarse page table descriptor or a
fine page table descriptor. The page table is then accessed and a second-level
descriptor returned.
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31 16 15 121110 9 8 7 6 5 4 3 2 1 O
olo0 Fault
Large page base address AP3 | AP2 | AP1 | APO [C[(B |0 |1 Large page
Small page base address AP3 | AP2 | AP1 | APO |C| B|1]|0O Small page
Tiny page base address AP (C|B|1]1 Tiny page

Figure 28: Second-level descriptor

A second-level descriptor defines a tiny, small, or large page descriptor, or is invalid:

m A large page descriptor provides the base address of a 64 KB block of
memory.

m A small page descriptor provides the base address of a 4 KB block of
memory.

m A tiny page descriptor provides the base address of a 1 KB block of memory.

Coarse page tables provide base addresses for either small or large pages. Large page
descriptors must be repeated in 16 consecutive entries. Small page descriptors must
be repeated in each consecutive entry.

Fine page tables provide base addresses for large, small, or tiny pages. Large page
descriptors must be repeated in 64 consecutive entries. Small page descriptors must
be repeated in four consecutive entries. Tiny page descriptors must be repeated in
each consecutive entry.

Table 36 describes the second-level descriptor bit assignments.

Bits

Large Small Tiny Description

[31:16] [31:12] [31:10] Form the corresponding bits of the physical address.
[15:12] [9:6] SHOULD BE ZERO

Table 36: Second-level descriptor bits
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Bits

Large Small Tiny Description

[11:4] [11:4] [5:4] Access permission bits. See "Domain access control” on
page 117 and "Fault checking sequence™ on page 118 for
information about interpreting the access permission bits.

[3:2] [3:2] [3:2] Indicate whether the area of memory mapped by this page
is treated as write-back cachable, write-through cachable,
noncached buffered, and noncached nonbuffered.

[1:0] [1:0] [1:0] Indicate the page size and validity, and are interpreted as

shown in Table 37, “Interpreting page table entry bits
[1:0],” on page 110.

Table 36: Second-level descriptor bits

The two least significant bits of the second-level descriptor indicate the descriptor
type, as shown in this table.

Value Meaning Description

00 Invalid Generates a page translation fault.
01 Large page Indicates that this is a 64 KB page.
10 Small page Indicates that this is a 4 KB page.
11 Tiny page Indicates that this is a 1 KB page.

Table 37: Interpreting page table entry bits [1:0]

Note:

Translating large page references

Tiny pages do not support subpage permissions and therefore have only
one set of access permission bits.

Figure 29 shows the complete translation sequence for a 64 KB large page.
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Modified virtual address
31 2019 1615 1211 0

Table index . Page index
table index

Translation table base
31 1413 0
Translation base
31 l 1413 v 210
Translation base Table index 0|0
l First-level descriptor
31 109 8 543210
Coarse page table base address Domain |1 0f1
31 l 109 l 210
Coarse page table base address L2 table index (0|0
l Second-level descriptor
31 1615 1211109876 543210
Page base address AP3|AP2|AP1|APO|C|B|0O|1
l Physical address
31 1615 0
Y
Page base address Page index

Figure 29: Large page translation from a coarse page table

Because the upper four bits of the page index and low-order four bits of the coarse
page table index overlap, each coarse page table entry for a large page must be
duplicated 16 times (in consecutive memory locations) in the coarse page table.
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If the large page descriptor is included in a fine page table, the high-order six bits of
the page index and low-order six bits of the fine page table overlap. Each fine page
table entry for a large page must be duplicated 64 times.

Translating small page references

Modified virtual address

31 2019 1211 0
) Level two )
Table index table index Page index
Translation table base
31 14 13 0
Translation base
31 i 1413 v 210
Translation base Table index 0|0
l First-level descriptor
31 109 8 543210
Coarse page table base address Domain |1 0|1
31 l 109 l 210
Coarse page table base address L2 table index |0|0
l Second-level descriptor
31 1211109876 543210
Page base address AP3|AP2(AP1|APO|C|B|1|0
l Physical address
31 1211 l 0
Page base address Page index

Figure 30: Small page translation from a coarse page table
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If a small page descriptor is included in a fine page table, the upper two bits of the
page index and low-order two bits of the fine page table index overlap. Each fine
page table entry for a small page must be duplicated four times.

Translating tiny page references

Modified virtual address

31 2019 109 0
. Level two .
Table index table index Page index
Translation table base
31 1413 0
Translation base
31 i 1413 v 210
Translation base Table index 0|0
l First-level descriptor
31 1211 8 543210
Fine page table base address Domain |1 111
31 l 1211 l 210
Fine page table base address L2 table index 0|0
l Second-level descriptor
31 109 6543210
Page base address AP |C|B|1|1
l Physical address
31 109 l 0
Page base address Page index

Figure 31: Tiny page translation from a fine page table
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Page translation involves one additional step beyond that of a section translation.
The first-level descriptor is the fine page table descriptor; this points to the first-
level descriptor.

Note: The domain specified in the first-level description and access permissions
specified in the first-level description together determine whether the
access has permissions to proceed. See "Domain access control" on page
117 for more information.

Subpages

You can define access permissions for subpages of small and large pages. If, during a
page table walk, a small or large page has a different subpage permission, only the
subpage being accessed is written into the TLB. For example, a 16 KB (large page)
subpage entry is written into the TLB if the subpage permission differs, and a 64 KB
entry is put in the TLB if the subpage permissions are identical.

When you use subpage permissions and the page entry has to be invalidated, you
must invalidate all four subpages separately.

MMU faults and CPU aborts

114

The MMU generates an abort on these types of faults:
= Alignment faults (data accesses only)

m  Translation faults

s Domain faults

m  Permission faults

In addition, an external abort can be raised by the external system. This can happen
only for access types that have the core synchronized to the external system:

m  Page walks

m  Noncached reads

m  Nonbuffered writes

n Noncached read-lock-write sequence (SWP)

Alignment fault checking is enabled by the A bit in the R1: Control register. Alignment
fault checking is not affected by whether the MMU is enabled. Translation, domain,
and permission faults are generated only when the MMU is enabled.
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The access control mechanisms of the MMU detect the conditions that produce these
faults. If a fault is detected as a result of a memory access, the MMU aborts the
access and signals the fault condition to the CPU core. The MMU retains status and
address information about faults generated by the data accesses in the Data Fault
Status register and Fault Address register (see "Fault Address and Fault Status
registers" on page 115).

The MMU also retains status about faults generated by instruction fetches in the
Instruction Fault Status register.

An access violation for a given memory access inhibits any corresponding external
access to the AHB interface, with an abort returned to the CPU core.

Fault Address and Fault Status registers

On a data abort, the MMU places an encoded four-bit value — the fault status — along
with the four-bit encoded domain number in the Data Fault Status register. Similarly,
on a prefetch abort, the MMU places an encoded four-bit value along with the four-
bit encoded domain number in the Instruction Fault Status register. In addition, the
MVA associated with the data abort is latched into the Fault Address register. If an
access violation simultaneously generates more than one source of abort, the aborts
are encoded in the priority stated in Table 38. The Fault Address register is not
updated by faults caused by instruction prefetches.

Priority Source Size Status Domain
Highest Alignment --- 0b00x1 Invalid
External abort on transmission First level 0b1100 Invalid
Second level 0b1110 Valid
Translation Section page 0b0101 Invalid
0b0111 Valid
Domain Section page 0b1001 Valid
0b1011 Valid
Permission Section page 0b1101 Valid
0b1111 Valid
Lowest External abort Section page 0b1000 Valid
0b1010 Valid

Table 38: Priority encoding of fault status
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Notes:
= Alignment faults can write either 000001 or 0b0011 into Fault Status register
[3:0].

= Invalid values can occur in the status bit encoding for domain faults. This
happens when the fault is raised before a valid domain field has been read
from a page table description.

m  Aborts masked by a higher priority abort can be regenerated by fixing the
cause of the higher priority abort, and repeating the access.
m  Alignment faults are not possible for instruction fetches.

m  The Instruction Fault Status register can be updated for instruction prefetch
operations (MCR p15,0,Rd,c7,c13,1).

Fault Address register (FAR)

For load and store instructions that can involve the transfer of more than one word
(LDM/STM, STRD, and STC/LDC), the value written into the Fault Address register
depends on the type of access and, for external aborts, on whether the access
crosses a 1 KB boundary. Table 39 shows the Fault Address register values for multi-
word transfers.

Domain Fault Address register

Alignment MVA of first aborted address in transfer
External abort on translation MVA of first aborted address in transfer
Translation MVA of first aborted address in transfer
Domain MVA of first aborted address in transfer
Permission MVA of first aborted address in transfer

External about for noncached reads, or - MVA of last address before 1KB boundary, if any word of

nonbuffered writes the transfer before 1 KB boundary is externally aborted.
MVA of last address in transfer if the first externally
aborted word is after the 1 KB boundary.

Table 39: Fault Address register values for multi-word transfers
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m  To enable code to be ported easily to future architectures, it is
recommended that no reliance is made on external abort behavior.

m  The Instruction Fault Status register is intended for debugging purposes

only.

Domain access control

MMU accesses are controlled primarily through the use of domains. There are 16
domains, and each has a two-bit field to define access to it. Client users and Manager
users are supported.
The domains are defined in the R3: Domain Access Control register. Figure 11, "R3:
Domain Access Control register,” on page 81 shows how the 32 bits of the register are
allocated to define the 16 two-bit domains.

This table shows how the bits within each domain are defined to specify access

permissions.
Value Meaning Description
00 No access Any access generates a domain fault.
01 Client Accesses are checked against the access permission bits in the section or
page descriptor.
10 Reserved Reserved. Currently behaves like no access mode.
11 Manager Accesses are not checked against the access permission bits, so a

permission fault cannot be generated.

Table 40: Domain Access Control register, access control bits
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This table shows how to interpret the access permission (AP) bits, and how the
interpretation depends on the R and S bits in the R1: Control register (see "R1:
Control register," beginning on page 78).

AP S R Privileged permissions User permissions
00 0 0 No access No access

00 1 0 Read only Read only

00 0 1 Read only Read only

00 1 1 UNPREDICTABLE UNPREDICTABLE
01 X X Read/write No access

10 X X Read/write Read only

11 X X Read/write Read/write

Table 41: Interpreting access permission (AP) bits

Fault checking sequence

The sequence the MMU uses to check for access faults is different for sections and
pages. Figure 32 shows the sequence for both types of access.
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Modified virtual address

A

Check address alignment Misaligned Alignment
fault
A
Section ) .
translation Get first-level descriptor
fault -
Section | | Page
Y Page
Get page Invalid translation
table entry
fault
Secti ) Y P
ection No access (00) . No access (00) age
domain Check domain status domain
Reserved (10) Reserved (10)
fault fault
Section | | Page
@enon) | (@eman)
Manager
(11)
Section Check Check Page
permission access access permission
fault permissions permissions fault
A A \ 4

Physical address

Figure 32: Sequence for checking faults

The conditions that generate each of the faults are discussed in the following

sections.
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Alignment faults

If alignment fault checking is enabled (the A bit in the R1: Control register is set; see
"R1: Control register," beginning on page 78), the MMU generates an alignment fault

on any data word access if the address is not word-aligned, or on any halfword access
if the address is not halfword-aligned — irrespective of whether the MMU is enabled.
An alignment fault is not generated on any instruction fetch or byte access.

Note: If an access generates an alignment fault, the access sequence aborts
without reference to other permission checks.

Translation faults

There are two types of translation fault: section and page.

m  Asection translation fault is generated if the level one descriptor is marked
as invalid. This happens if bits [1:0] of the descriptor are both 0.

m A page translation fault is generated if the level one descriptor is marked as
invalid. This happens if bits [1:0] of the descriptor are both 0.

Domain faults

There are two types of domain faults: section and page.

m  Section: The level one descriptor holds the four-bit domain field, which
selects one of the 16 two-bit domains in the Domain Access Control register.
The two bits of the specified domain are then checked for access
permissions as described in Table 41: "Interpreting access permission (AP)
bits" on page 118. The domain is checked when the level one descriptor is
returned.

m  Page: The level one descriptor holds the four-bit domain field, which
selects one of the 16 two-bit domains in the Domain Access Control register.
The two bits of the specified domain are then checked for access
permissions as described in Table 41: "Interpreting access permission (AP)
bits" on page 118. The domain is checked when the level one descriptor is
returned.

If the specified access is either no access (00) or reserved (10), either a section
domain fault or a page domain fault occurs.
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Permission faults

If the two-bit domain field returns client (01), access permissions are checked as
follows:

m  Section: If the level one descriptor defines a section-mapped access, the AP
bits of the descriptor define whether the access is allowed, per Table 41:
“Interpreting access permission (AP) bits" on page 118. The interpretation
depends on the setting of the S and R bits (see "R1: Control register,"
beginning on page 78). If the access is not allowed, a section permission
fault is generated.

m  Large page or small page: If the level one descriptor defines a page-
mapped access and the level two descriptor is for a large or small page,
four access permission fields (AP3 to APO) are specified, each corresponding
to one quarter of the page.

For small pages, AP3 is selected by the top 1 KB of the page and APO is
selected by the bottom 1 KB of the page.

For large pages, AP3 is selected by the top 16 KB of the page and APO is
selected by the bottom 16 KB of the page. The selected AP bits are then
interpreted in the same way as for a section (see Table 41: "Interpreting
access permission (AP) bits" on page 118).

The only difference is that the fault generated is a page permission fault.

m  Tiny page: If the level one descriptor defines a page-mapped access and
the level two descriptor is for a tiny page, the AP bits of the level one
descriptor define whether the access is allowed in the same way as for a
section. The fault generated is a page permission fault.

External aborts

In addition to MMU-generated aborts, external aborts cam be generated for certain
types of access that involve transfers over the AHB bus. These aborts can be used to
flag errors on external memory accesses. Not all accesses can be aborted in this way,
however.

These accesses can be aborted externally:
m  Page walks

n Noncached reads
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n Nonbuffered writes
m  Noncached read-lock-write (swp) sequence

For a read-lock-write (swp) sequence, the write is always attempted if the read
externally aborts.

A swap to an NCB region is forced to have precisely the same behavior as a swap to an
NCNB region. This means that the write part of a swap to an NCB region can be
aborted externally.

Enabling the MMU

122

Before enabling the MMU using the R1: Control register, you must perform these
steps:

1 Program the R2: Translation Table Base register and the R3: Domain Access
Control register.

2 Program first-level and second-level page tables as required, ensuring that a
valid translation table is placed in memory at the location specified by the
Translation Table Base register.

When these steps have been performed, you can enable the MMU by setting R1:
Control register bit 0 (the M bit) to high.

Care must be taken if the translated address differs from the untranslated address,
because several instructions following the enabling of the MMU might have been
prefetched with MMU off (va=mva=pA). If this happens, enabling the MMU can be
considered as a branch with delayed execution. A similar situation occurs when the
MMU is disabled. Consider this code sequence:

MRC p15, 0, R1, c1, CO, 0 ; Read control register

ORR R1, #0x1 ; Set M bit

MCR p15, 0,R1,C1, C0,0 ; Write control register and enable MMU
Fetch Flat

Fetch Flat

Fetch Translated
Note: Because the same register (R1: Control register) controls the enabling of

ICache, DCache, and the MMU, all three can be enabled using a single MCR
instruction.
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Disabling the MMU

Clear bit 0 (the M bit) in the R1: Control register to disable the MMU.

Note: If the MMU is enabled, then disabled, then subsequently re-enabled, the
contents of the TLB are preserved. If these are now invalid, the TLB must
be invalidated before re-enabling the MMU (see "R8:TLB Operations
register" on page 88).

TLB structure

The MMU runs a single unified TLB used for both data accesses and instruction
fetches. The TLB is divided into two parts:

= An eight-entry fully-associative part used exclusively for holding locked
down TLB entries.

m A set-associative part for all other entries.

Whether an entry is placed in the set-associative part or lockdown part of the TLB
depends on the state of the TLB Lockdown register when the entry is written into the
TLB (see "R10: TLB Lockdown register" on page 92).

When an entry has been written into the lockdown part of the TLB, it can be removed
only by being overwritten explicitly or, when the MVA matches the locked down entry,
by an MVA-based TLB invalidate operation.

The structure of the set-associative part of the TLB does not form part of the
programmer’s model for the ARM926EJ-S processor. No assumptions must be made
about the structure, replacement algorithm, or persistence of entries in the
set-associative part — specifically:

m  Any entry written into the set-associative part of the TLB can be removed at
any time. The set-associative part of the TLB must be considered as a
temporary cache of translation/page table information. No reliance must be
placed on an entry residing or not residing in the set-associative TLB unless
that entry already exists in the lockdown TLB. The set-associative part of
the TLB can contain entries that are defined in the page tables but do not
correspond to address values that have been accessed since the TLB was
invalidated.

m  The set-associative part of the TLB must be considered as a cache of the
underlying page table, where memory coherency must be maintained at all
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times. To guarantee coherency if a level one descriptor is modified in main
memory, either an invalidate-TLB or Invalidate-TLB-by-entry operation must
be used to remove any cached copies of the level one descriptor. This is
required regardless of the type of level one descriptor (section, level two
page reference, or fault).

If any of the subpage permissions for a given page are different, each of the
subpages are treated separately. To invalidate all entries associated with a
page with subpage permissions, four MVA-based invalidate operations are
required — one for each subpage.

Caches and write buffer

Cache features

124

The ARM926EJ-S processor includes an instruction cache (ICache), data cache
(DCache), and write buffer. The instruction cache is 8 KB in length, and the data
cache is 4 KB in length.

The caches are virtual index, virtual tag, addressed using the modified
virtual address (MVA). This avoids cache cleaning and/or invalidating on
context switch.

The caches are four-way set associative, with a cache line length of eight
words per line (32 bytes per line), and with two dirty bits in the DCache.

The DCache supports write-through and write-back (copyback) cache
operations, selected by memory region using the C and B bits in the MMU
translation tables.

The caches support allocate on read-miss. The caches perform critical-word
first cache refilling.

The caches use pseudo-random or round-robin replacement, selected by the
RR bit in R1: Control register.

Cache lockdown registers enable control over which cache ways are used
for allocation on a linefill, providing a mechanism for both lockdown and
controlling cache pollution.
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m  The DCache stores the Physical Address Tag (PA tag) corresponding to each
DCache entry in the tag RAM for use during cache line write-backs, in
addition to the virtual address tag stored in the tag RAM. This means that
the MMU is not involved in DCache write-back operations, which removes
the possibility of TLB misses to the write-back address.

m  Cache maintenance operations provide efficient invalidation of:

—  The entire DCache or ICache

—  Regions of the DCache or ICache

—  Regions of virtual memory

Cache maintenance operations also provide for efficient cleaning and
invalidation of:

—  The entire DCache

— Regions of the DCache

— Regions of virtual memory

The latter allows DCache coherency to be efficiently maintained when small
code changes occur; for example, for self-modifying code and changes to
exception vectors.

Write buffer

The write buffer is used for all writes to a noncachable bufferable region, write-
through region, and write misses to a write-back region. A separate buffer is
incorporated in the DCache for holding write-back data for cache line evictions or
cleaning of dirty cache lines.

n The main write buffer has a 16-word data buffer and a four-address buffer.

m  The DCache write-back buffer has eight data word entries and a single
address entry.

The MCR drain write buffer instruction enables both write buffers to be drained under
software control.

The MCR wait -for-interrupt causes both write buffers to be drained, and the
ARM926EJ-S processor to be put into low-power state until an interrupt occurs.
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Enabling the caches

On reset, the ICache and DCache entries all are invalidated and the caches disabled.
The caches are not accessed for reads or writes. The caches are enabled using the I,
C, and M bits from the R1: Control register, and can be enabled independently of one
another. Table 42 gives the | and M bit settings for the ICache, and the associated

behavior.
R1 I bit R1 M bit ARMO926EJ-S behavior
o - ICache disabled. All instruction fetches are fetched from external memory
(AHB).
1 0 ICache enabled, MMU disabled. All instruction fetches are cachable, with no
protection checks. All addresses are flat-mapped,; that is, VA=MVA=PA.
1 1 |Cache enabled, MMU enabled. Instruction fetches are cachable or

noncachable, depending on the page descriptor C bit (see Table 43: "Page
table C bit settings for 1Cache"), and protection checks are performed. All
addresses are remapped from VA to PA, depending on the page entry; that is,
the VA is translated to MVA and the MVA is remapped to a PA.

Table 42: R1:Control register 1 and M bit settings for 1Cache

Table 43 shows the page table C bit settings for the ICache (R1 | bit = M bit = 1).

Page table C

bit Description ARMO926EJ-S behavior

0 Noncachable ICache disabled. All instruction fetches are fetched from external
memory.

1 Cachable Cache hit Read from the ICache.

Cache miss  Linefill from external memory.

Table 43: Page table C bit settings for ICache

Table 44 gives the R1: Control register C and M bit settings for DCache, and the
associated behavior.

R1 C bit R1 M bit ARMO926EJ-S behavior

0 0 DCache disabled. All data accesses are to the external memory.

Table 44: R1: Control register 1 and M bit settings for DCache
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ARM926EJ-S behavior

1 0 DCache enabled, MMU disabled. All data accesses are noncachable,
nonbufferable, with no protection checks. All addresses are flat-mapped; that
is, VA=MVA=PA.

1 1 DCache enabled, MMU enabled. All data accesses are cachable or

noncachable, depending on the page descriptor C bit and B bit (see Table 45:
"Page table C and B bit settings for DCache"), and protection checks are
performed. All addresses are remapped from VA to PA, depending on the
MMU page table entry; that is, the VA is translated to an MVA and the MVA
is remapped to a PA.

Table 44: R1: Control register 1 and M bit settings for DCache

Table 45 gives the page table C and B bit settings for the DCache (R1: Control register
C bit = M bit = 1), and the associated behavior.

Page Page
table C table B
bit bit Description ARM926EJ-S behavior
0 0 Noncachable, DCache disabled. Read from external memory. Write as a
nonbufferable nonbuffered store(s) to external memory. DCache is not updated.
0 1 Noncachable, DCache disabled. Read from external memory. Write as a
bufferable buffered store(s) to external memory. DCache is not updated.
1 0 Write-through DCache enabled:
Read hit Read from DCache.
Read miss  Linefill.
Write hit ~ Write to the DCache, and buffered store to
external memory.
Write miss  Buffered store to external memory.
1 1 Write-back DCache enabled:

Read hit Read from DCache.

Read miss  Linefill.

Write hit ~ Write to the DCache only.

Write miss  Buffered store to external memory.

Table 45: Page table C and B bit settings for DCache
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Cache MVA and Set/Way formats

This section shows how the MVA and set/way formats of ARM926EJ-S caches map to a
generic virtually indexed, virtually addressed cache. Figure 33 shows a generic,
virtually indexed, virtually addressed cache.

[ Tag [ Index [ word [ Byte |

— ]

|

[ T)

\J
]
3]
El

A
\ 4
o
[
N
3

TAG =

~Njo|g|hlwNF (O
[

Hit Read data

Figure 33: Generic virtually indexed, virtually addressed cache
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Figure 34 shows the ARM926EJ-S cache format.

31 S+5 S+4 5 4 1 0
Tag Index Word Byte
0
1
?
g TAG [ 7
—) 7
n 2°
0
Figure 34: ARM926EJ-S cache associativity
The following points apply to the ARM926EJ-S cache associativity:
n The group of tags of the same index defines a set.
n The number of tags in a set is the associativity.
n The ARM926EJ-S caches are 4-way associative.
n The range of tags addressed by the index defines a way.
n The number of tags is a way is the number of sets, NSETS.
Table 46 shows values of S and NSETS for an ARM926EJ-S cache.
ARM926EJ-S S NSETS
4 KB 5 32
8KB 6 64
16 KB 7 128
Table 46: Values of S and NSETS
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ARM926EJ-S S NSETS
32 KB 8 256

64 KB 9 512

128 KB 10 1024

Table 46: Values of S and NSETS

Figure 35 shows the set/way/word format for ARM926EJ-S caches.

32-A
31 31-A

S+5 S+4

5

4

Way

SBzZ

Set select
(= Index)

Word

SBZ

Figure 35: ARM926EJ-S cache set/way/word format

In this figure:

A = logs associativity

For example, with a 4-way cache A = 2:

S =logy NSETS
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Noncachable instruction fetches

The ARM926EJ-S processor performs speculative noncachable instruction fetches to
increase performance. Speculative instruction fetching is enabled at reset.

Note: It is recommended that you use ICache rather than noncachable code,
when possible. Noncachable code previously has been used for operating
system boot loaders and for preventing cache pollution. ICache, however,
can be enabled without the MMU being enabled, and cache pollution can
be controlled using the cache lockdown register.

Self-modifying code

A four-word buffer holds speculatively fetched instructions. Only sequential
instructions are fetched speculatively; if the ARM926EJ-S issues a nonsequential
instruction fetch, the contents of the buffer are discarded (flushed). In situations on
which the contents of the prefetch buffer might become invalid during a sequence of
sequential instruction fetches by the processor core (for example, turning the MMU
on or off, or turning on the ICache), the prefetch buffer also is flushed. This avoids
the necessity of performing an explicit Instruction Memory Barrier (IMB) operation,
except when self-modifying code is used. Because the prefetch buffer is flushed when
the ARM926EJ-S core issues a honsequential instruction fetch, a branch instruction
(or equivalent) can be used to implement the required IMB behavior, as shown in this
code sequence:

LDMIA RO,{R1-R5} ; load code sequence into R1-R5

ADR RO,self_mod_code

STMIA RO,{R1-R5} ; store code sequence (nonbuffered region)
B self_mod_code ; branch to modified code

self_mod_code:

This IMB application applies only to the ARM926EJ-S processor running code from a
noncachable region of memory. If code is run from a cachable region of memory, or a
different device is used, a different IMB implementation is required. IMBs are
discussed in "Instruction Memory Barrier," beginning on page 132.
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AHB behavior

If instruction prefetching is disabled, all instruction fetches appear on the AHB
interface as single, nonsequential fetches.

If prefetching is enabled, instruction fetches appear either as bursts of four
instructions or as single, nonsequential fetches. No speculative instruction fetching is
done across a

1 KB boundary.

All instruction fetches, including those made in Thumb state, are word transfers (32
bits). In Thumb state, a single-word instruction fetch reads two Thumb instructions
and a four-word burst reads eight instructions.

Instruction Memory Barrier

Whenever code is treated as data — for example, self-modifying code or loading code
into memory — a sequence of instructions called an instruction memory barrier (IMB)
operation must be used to ensure consistency between the data and instruction
streams processed by the ARM926EJ-S processor.

Usually the instruction and data streams are considered to be completely
independent by the ARM926EJ-S processor memory system, and any changes in the
data side are not automatically reflected in the instruction side. For example, if code
is modified in main memory, ICache may contain stale entries. To remove these stale
entries, part of all of the ICache must be invalidated.

IMB operation

132

Use this procedure to ensure consistency between data and instruction sides:

1  Clean the DCache. If the cache contains cache lines corresponding to write-back
regions of memory, it might contain dirty entries. These entries must be cleaned
to make external memory consistent with the DCache. If only a small part of the
cache has to be cleaned, it can be done by using a sequence of clean DCache
single entry instructions. If the entire cache has to be cleaned, you can use the
test and clean operation (see "R7: Cache Operations register," beginning on page
84).
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2  Drain the write buffer. Executing a drain write buffer causes the ARM926EJ-S
core to wait until outstanding buffered writes have completed on the AHB
interface. This includes writes that occur as a result of data being written back
to main memory because of clean operations, and data for store instructions.

3 Synchronize data and instruction streams in level two AHB systems. The level
two AHB subsystem might require synchronization between data and instruction
sides. It is possible for the data and instruction AHB masters to be attached to
different AHB subsystems. Even if both masters are present on the same bus,
some form of separate ICache might exist for performance reasons; this must be
invalidated to ensure consistency.

The process of synchronizing instructions and data in level two memory
must be invoked using some form of fully blocking operation, to ensure that
the end of the operation can be determined using software. It is
recommended that either a nonbuffered store (STR) or a noncached load
(LDR) be used to trigger external synchronization.

4 Invalidate the cache. The ICache must be invalidated to remove any stale
copies of instructions that are no longer valid. If the ICache is not being used, or
the modified regions are not in cachable areas of memory, this step might not be
required.

5  Flush the prefetch buffer. To ensure consistency, the prefetch buffer should be
flushed before self-modifying code is executed (see "Self-modifying code" on
page 131).

Sample IMB sequences

These sequences correspond to steps 1-4 in "IMB operation.”
clean loop

MRC p15, 0, r15, c7, c10, 3 ; clean entire dcache using test and clean
BNE clean_loop

MRC p15, 0, r0, c7, c10, 4 ; drain write buffer

STR rx,[ry] ; nonbuffered store to signal L2 world to
; synchronize

MCR p15, 0, 10, c7, 5, 0 ; invalidate icache
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This next sequence illustrates an IMB sequence used after modifying a single

instruction (for example, setting a software breakpoint), with no external
synchronization required:

STR rx,[ry] ; store that modifies instruction at address ry
MCR p15, 0, ry, ¢7, c10, 1 ; clean dcache single entry (MVA)

MCR p15, 0, r0, c7, c10, 4 ; drain write buffer

MCR p15, 0, ry, c7,¢5, 1 ; invalidate icache single entry (MVA)
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C HAPTER 4

The System Control Module configures and oversees system operations for the
NS9360, and defines both the NS9360 AMBA High-speed Bus (AHB) arbiter system and

system memory address space.
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System Control Module features

The System Control Module uses the following to configure and maintain NS9360
system operations:

AHB arbiter system
System-level address decoding

10 programmable timers
—  Watchdog timer

—  Bus monitor timer for the system bus (a second bus monitor timer, for
peripheral devices, is discussed in the BBus Bridge chapter)

— 8 general purpose timers/counters
Interrupt controller
Multiple configuration and status registers

System Sleep/Wake-up processor

Bus interconnection

The AMBA AHB bus protocol uses a central multiplexor interconnection scheme. All
bus masters generate the address and control signals that indicate the transfer that
the bus masters want to perform. The arbiter determines which master has its
address and control signals routed to all slaves. A central decoder is required to
control the read data and response multiplexor, which selects the appropriate signals
from the slave that is involved in the transfer.

System bus arbiter

The bus arbitration mechanism ensures that only one bus master has access to the
system bus at any time. If you are using a system in which bus bandwidth allocation is
critical, you must be sure that your worst-case bus bandwidth allocation goals can be

136
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met. See "Arbiter configuration examples" on page 140 for information about
configuring the AHB arbiter.

The NS9360 high-speed bus system is split into two subsystems:

m  High-speed peripheral subsystem: Connects all high-speed peripheral
devices to a port on the external memory controller.

m  CPU subsystem: Connects the CPU directly to a second port on the external
memory controller.

Figure 36 shows an overview of the NS9360 high-speed bus architecture.

Ethernet Memory
MAC Bbus || LCD || SCM Controller
Slv Slv Slv

Slv

v \ 4 \4 \4 A4 v
Slave Read Mux

| —

Master Write Mux

A A A A ? I/ < a ARM
U

\ 4

< 926
T H Rx Mst Mst "
Ethernet
MAC Bbus LCD

Figure 36: NS9360 bus architecture

The NS9360 high-speed bus contains two arbiters: one for the ARM926 (CPU) and one
for the main bus.

m  CPU arbiter. Splits the bandwidth 50-50 between the data and instruction
interfaces. If the CPU access is to external memory, no further arbitration is
necessary; the CPU has immediate access to external memory through slave
port 0 on the memory controller. If CPU access is to one of the peripherals
on the main bus, however, the main arbiter will arbitrate the access.
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Main arbiter. Contains a 16-entry Bus Request Configuration (BRC) register.
Each BRC entry represents a bus request and grant channel. Each request/
grant channel can be assigned to only one bus master at a time. Each bus
master can be connected to multiple request/grant channels
simultaneously, however, depending on the bus bandwidth requirement of
that master.

Each request/grant channel has a two-bit Bandwidth Reduction Field (BRF)
to determine how often each channel can arbitrate for the system bus —
100%, 75%, 50%, or 25%. A BRF value of 25%, for example, causes a channel
to be skipped every 3 or 4 cycles. The BRC gates the bus requesting signals
going into a 16-entry Bus Request register (BRR). As a default, unassigned
channels in the BRC block the corresponding BRR entries from being set by
any bus request signals. On powerup, only the CPU is assigned to one of the
channels with 100% bandwidth strength as the default setting.

How the bus arbiter works

1

The arbiter evaluates the BRR at every bus clock until one or more bus requests
are registered.

The arbiter stops evaluating the BRR until a bus grant is issued for the previous
evaluation cycle.

The arbiter grants the bus to requesting channels, in a round-robin manner, at
the rising clock edge of the last address issued for the current transaction (note
that each transaction may have multiple transfers), when a SPLIT response is
sampled by the arbiter, or when the bus is idling.

Each master samples the bus grant signal (hgrant_x) at the end of the current
transfer, as indicated by the hready signal. The bus master takes ownership of the
bus at this time.

The arbiter updates the hmaster [3:0] signals at the same time to indicate the
current bus master and to enable the new master’s address and control signals
to the system bus.

See your AMBA standards documentation for detailed information and illustrations of
AMBA AHB transactions.
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Ownership of the data bus is delayed from ownership of the address/control bus.
When hready indicates that a transfer is complete, the master that owns the address/
control bus can use the data bus — and continues to own that data bus — until the
transaction completes.

Note: If a master is assigned more than one request/grant channel, these
channels need to be set and reset simultaneously to guarantee that a non-
requesting master will not occupy the system bus.

Locked bus sequence

The arbiter observes the hlock_x signal from each master to allow guaranteed back-to-
back cycles, such as read-modified-write cycles. The arbiter ensures that no other
bus masters are granted the bus until the locked sequence has completed. To support
SPLIT or RETRY transfers in a locked sequence, the arbiter retains the bus master as
granted for an additional transfer to ensure that the last transfer in the locked
sequence completed successfully.

If the master is performing a locked transfer and the slave issues a split response, the
master continues to be granted the bus until the slave finishes the SPLIT response.
(This situation degrades AHB performance.)

Relinquishing the bus

When the current bus master relinquishes the bus, ownership is granted to the next
requester.

m [f there are no new requesters, ownership is granted to a dummy default
master. The default master must perform IDLE transfers to keep the arbiter
alive.

m  Bus parking must be maintained if other masters are waiting for SPLIT
transfers to complete.

m  [f the bus is granted to a default master and continues to be in the IDLE
state longer than a specified period of time, an AHB bus arbiter timeout is
generated. An AHB bus arbiter timeout can be configured to interrupt the
CPU or to reset the chip.
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SPLIT transfers

A SPLIT transfer occurs when a slave is not ready to perform the transfer. The slave
splits, or masks, its master, taking away the master’s bus ownership and allowing
other masters to perform transactions until the slave has the appropriate resources
to perform its master’s transaction.

The bus arbiter supports SPLIT transfers. When a SPLIT response is issued by a slave,
the current master is masked for further bus requesting until a corresponding
hsplit_x[15:0] signal is issued by the slave indicating that the slave is ready to complete
the transfer. The arbiter uses the hsplit_x[15:0] signals to unmask the corresponding
master, and treats the master as the highest-priority requester for the immediate
next round of arbitration. The master eventually is granted access to the bus to try
the transfer again.

Note: The arbiter automatically blocks bus requests with addresses directed at a
“SPLITting” slave until that SPLIT transaction is completed.

Arbiter configuration examples

140

These examples show how to configure the AHB arbiter to guarantee bandwidth to a
given master. These are the conditions in this example:

m 4 AHB masters — Ethernet Rx, Ethernet Tx, BBus, and LCD.

= Memory clock frequency — 90 MHz (this is the AHB clock frequency).
m  Average access time per 32-byte memory access — 16 clock cycles.

m  The ARM926EJ-S is guaranteed one-half the total memory bandwidth.

In these examples, the bandwidth for each master can be calculated using this
formula:
Bandwidth per master:

= [(90 MHz/2) / (16 clock cycles per access x 4 masters)] x 32 bytes

=22.5 Mbps/master
The factor 100 MHz/2 is given due to the ARM926EJ-S guarantee of one-half the total
memory bandwidth. If the ARM926EJ-S consumes less than the guaranteed memory
bandwidth, however, the unused bandwidth will be shared by the other masters.

Note: The worst case scenario is that there are 90 Mbps total to be split by all 5
masters.
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Example 1

Since the 22.5 Mbps/master guarantee meets the requirements of all masters, the
AHB arbiter will be programmed as follows:

BRCO0[31:24] =8’b1_0_00_0000 channel enabled, 100%, ARM926EJ-S
BRCO0[23:16] =8’hl_0_00_0001 channel enabled, 100%, Ethernet Rx
BRCO0[15:8] =8’b1_0_00_0000 channel enabled, 100%, ARM926EJ-S
BRCO[7:0] =8’hl 0_00_0010 channel enabled, 100%, Ethernet Tx
BRC1[31:24] =8’b1_0_00_0000 channel enabled, 100%, ARM926EJ-S
BRC1[23:16] =8’b1_0_00_0100 channel enabled, 100%, BBus
BRC1[15:8] =8’b1_0_00_0000 channel enabled, 100%, ARM926EJ-S
BRC1[7:0] =8’hl 0 00 0101 channel enabled, 100%, LCD
BRC2[31:24] =8’b0_0_00_0000 channel disabled

BRC2[23:16] =8’b0_0_00_0000 channel disabled

BRC2[15:8] =8’h0_0_00_0000 channel disabled

BRC2[7:0] =8’h0_0_00_0000 channel disabled

BRC3[31:24] =8’b0_0_00_0000 channel disabled

BRC3[23:16] =8’b0_0_00_0000 channel disabled

BRC3[15:8] =8’h0_0_00_0000 channel disabled

BRC[7:0] =8’h0_0_00_0000 channel disabled

Example 2

In this example, the LCD master needs more than 22.5 Mbps and the other masters
need less than 22.5 Mbps. These are the new requirements:

m  Ethernet Rx — 12.5 Mbps
m  Ethernet Tx — 12.5 Mbps
=  BBus — 4 Mbps

m  LCD — 25 Mbps

m  Total — 54 Mbps

This configuration is possible because the total bandwidth is less than the 90 Mbps
available. The LCD master will be configured to have two arbiter slots, resulting in a
total of 5 masters.

The available bandwidth per master is calculated using this formula:

Bandwidth per master:
= [(90 MHz/2) / (16 clock cycles per access x 5 masters)] x 32 bytes
= 18 Mbps/master
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If the LCD is configured for two arbiter channel slots, then, there are 36 Mbps
available, which is greater than the 25 Mbps required. Each of the other masters have
18 Mbps available, which is more than enough to meet their requirements.

Note: When assigning two arbiter channel slots to a master, the slot assignments
should be spaced equally.

The AHB arbiter will be programmed as follows:

BRCO[31:24] =8’bl 0_00_0000 channel enabled, 100%, ARM926EJ-S
BRCO0[23:16] =8’b1_0_00_0001 channel enabled, 100%, Ethernet Rx
BRCO0[15:8] =8’b1_0_00_0000 channel enabled, 100%, ARM926EJ-S
BRCO[7:0] =8’bl 0_00_0010 channel enabled, 100% Ethernet Tx
BRC1[31:24] =8’b1l 0_00_0000 channel enabled, 100%, ARM926EJ-S
BRC1[23:16] =8’b1l 0_00_0110 channel enabled, 100%, LCD first slot
BRC1[15:8] =8’b1_0_00_0000 channel enabled, 100%, ARM926EJ-S
BRC1[7:0] =8’bl 0_00_ 0101 channel enabled, 100%, BBus
BRC2[31:24] =8’bl 0_00_0000 channel enabled, 100%, ARM926EJ-S
BRC2[23:16] =8’b1_0_00_0100 channel enabled, 100%, LCD second slot
BRC2[15:8] =8’b0_0_00_0000 channel disabled

BRC2[7:0] =8’b0_0_00_0000 channel disabled

BRC3[31:24] =8’b0_0_00_0000 channel disabled

BRC3[23:16] =8’b0_0_00_0000 channel disabled

BRC3[15:8] =8’b0_0_00_0000 channel disabled

BRC[7:0] =8’b0_0_00_0000 channel disabled

Note that the BBus requires 4 Mbps but has been allocated 18 Mbps. The BBus
bandwidth can be reduced using the bandwidth reduction field (in the BRC registers).
To reduce the available bandwidth to 25%, to 4.5 Mbps for example, the 2-bit field
can be set to 2’b11. This restricts the BBus master when the system is fully loaded. The
new configuration for BBus is:

BRC2[23:16] =8’h1l 0_11 0101 channel enabled, 25%, BBus

Address decoding
A central address decoder provides a select signal — hsel_x — for each slave on the bus.
Table 47 shows how the system memory address is set up to allow access to the

internal and external resources on the system bus. Note that the external memory
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chip select ranges can be reset after powerup. The table shows the default powerup
values; you can change the ranges by writing to the BASE and MASK registers (see
"System Memory Chip Select 0 Dynamic Memory Base and Mask registers" on page 183
through "System Memory Chip Select 3 Dynamic Memory Base and Mask registers” on
page 186 for more information).

See the BBus bridge chapter for information about BBus peripheral address decoding.

Address range Size System functions

0x0000 0000 — OXOFFF FFFF 256 MB System memory chip select 0
Dynamic memory (default)

0x1000 0000 — Ox1FFF FFFF 256 MB System memory chip select 1
Dynamic memory (default)

0x2000 0000 — Ox2FFF FFFF 256 MB System memory chip select 2
Dynamic memory (default)

0x3000 0000 — Ox3FFF FFFF 256 MB System memory chip select 3
Dynamic memory (default)

0x4000 0000 — Ox4FFF FFFF 256 MB System memory chip select 0
Static memory (default)

0x5000 0000 — OX5FFF FFFF 256 MB System memory chip select 1
Static memory (default)

0x6000 0000 — Ox6FFF FFFF 256 MB System memory chip select 2
Static memory (default)

0x7000 0000 — OX7FFF FFFF 256 MB System memory chip select 3
Static memory (default)

0x8000 0000 — Ox8FFF FFFF 256 MB Reserved

0x9000 0000 — OX9FFF FFFF 256 MB BBus peripherals

0xA000 0000 — 0XAO3F FFFF 4 MB Reserved

0xA040 0000 — 0xA04F FFFF 1 MB BBUS-to-AHB bridge

0xA050 0000 — OXAQ5F FFFF 1 MB Reserved

0xA060 0000 — 0OXAQ6F FFFF 1 MB Ethernet Communication Module

0xA070 0000 — OXAQ7F FFFF 1MB Memory controller

Table 47: System address map
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Address range Size System functions
0xA080 0000 — OxAQO8F FFFF 1MB LCD controller
0xA090 0000 — OXAQ9F FFFF 1MB System Control Module
O0xAOAO0 0000 — OXFFFF FFFF 1526 Reserved

Table 47: System address map

Table 48 shows the hmaster[3:0] assignments for NS9360.

Master Name hmaster[3:0] assignment
ARMO926 I/D 0000
Ethernet Rx 0001
Ethernet Tx 0010
Reserved 0011
Reserved 0100
BBus 0101
LCD 0110

Table 48: Hmaster encoding

Programmable timers

NS9360 provides 10 programmable timers:
m  Software watchdog timer
m 8 general purpose timers

n Bus monitor timer

Software watchdog timer

The software watchdog timer, set to specific time intervals, handles gross system
misbehaviors. The watchdog timer can be set to timeout in longer ranges of time
intervals, typically in seconds.
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The software watchdog timer can be enabled or disabled, depending on the operating
condition. When enabled, system software must write to the Software Watchdog
Timer register before it expires. When the timer does timeout, the system is
preconfigured to generate an IRQ, an FIQ, or a RESET to restart the entire system.

General purpose timers/counters

Eight general purpose timers/counters (GPTCs), which can be concatenated, provide
programmable time intervals to the CPU when used as one or multiple timers. There
is one 1/0 pin associated with each timer.

m  When used as a gated timer, the GPTC I/0 pin is an input qualifier (high/low
programmable).

m  When used as a regular timer (enabled by software) the GPTC 170 pin
serves as a terminal count indicator output.

The timers also can be used independently, as up/down counters that monitor the
frequency of certain events (events capturing). In these situations, the GPTC 1/0 pin
becomes the clock source of the counter. See "GPIO MUX" on page 50 for information
about GPIO pin-to-timer assignments.

Depending on the application, the source clock frequency of the timers/counters can
be selected as the CPU clock, the CPU clock with multiple divisor options, or an
external pulse event. The source frequency is indicated in the timer clock select field
in the appropriate Timer Control register (see "Timer 0-7 Control registers" on page
165).

With a 16-bit counter and a 16-bit prescaler, each GPTC can measure external event
length up to minutes in range, and can be individually enabled or disabled. GPTCs can
be configured to reload, with the value defined in the appropriate Timer Reload
Count register (see page 164), and generates an interrupt upon terminal count. Each
GPTC has an interrupt request connected to the IRQ vector interrupt controller (VIC).
The priority level and enable/disable of each interrupt can be programmed in the
VIC, and the contents of the timer/counter can be read by the CPU.

The GPTCs can be concatenated to form counters for longer time scales.
These control fields should be in the control register of each GPTC:
m  Clock frequency selection

m  Mode of operation:
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— Internal timer, with or without external terminal count indicator
—  External gated timer with gate active low
—  External gated timer with gate active high

—  External event counter; frequency must be less than one half the CPU clock
frequency

= Timer/counter enable
=  Count up or down
m  Interrupt enable

m  Concatenate to upstream timer/counter. That is, use upstream timer/
counter’s overflow/underflow output as clock input (16- or 32-bit timer/
counter).

n Reload enable

m  Debug mode. Disable the timer when the ARM926EJS is halted in debug
mode.

m  PWM function (described next)

PWM function

The timers/counters can be configured to provide a simple PWM function. Each PWM
function requires concatenating two timers/counters together, resulting in four PWM
outputs. One timer/counter controls the pulse width and the other timer/counter
controls the period.

The PWM outputs are fixed as shown:
s  PWMO — Timers 0 and 1

s  PWM1— Timers 2 and 3

s  PWM2 —Timers 4 and 5

m  PWM3 — Timers 6 and 7

Figure 37 illustrates the PWM function.
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pulse width control |

Timer/Counter 0

L Timer/Counter 1 period control

pasewian 7] ] ] ,
period control |_| |_|
pwm out 0 |

Figure 37: PWM function block diagram

pwm out O

PWM 0

As an alternative, you can use the timers independently rather than concatenating

them. Follow these steps:

1  Start the timerl with interval equal to period.

2  Start the timer2 with same interval as timerl, but after a required delay
(period-pulse width nanoseconds).

This procedure allows 1% resolution. Be aware that the starting time of the second
timer is critical. One way to ensure there are no problems is to disable the interrupts
between the timerl start time and the timer2 start time. Note also that there may be
accuracy limitations with a smaller period.

Interrupt controller

The interrupt system is a simple two-tier priority scheme. Two lines access the CPU
core and can interrupt the processor: IRQ (normal interrupt) and FIQ (fast interrupt).
FIQ has a higher priority than IRQ.
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FI1Q interrupts

Most sources of interrupts on NS9360 are from the IRQ line. There is only one FIQ
source for timing-critical applications. The FIQ interrupt generally is reserved for
timing-critical applications for these reasons:

m  The interrupt service routine is executed directly without determining the
source of the interrupt.

= Interrupt latency is reduced. The banked registers available for FIQ
interrupts are more efficient because a context save is not required.

Note: The interrupt source assigned to the FIQ must be assigned to the highest
priority, which is 0.

IRQ interrupts

IRQ interrupts come from several different sources in NS9360, and are managed using
the Interrupt Config registers (see "Int (Interrupt) Config (Configuration) registers (0-
31)" on page 169). IRQ interrupts can be enabled or disabled on a per-level basis using
the Interrupt Enable registers. These registers serve as masks for the different
interrupt levels. Each interrupt level has two registers:

= Interrupt Configuration register. Use this register to assign the source for
each interrupt level, invert the source polarity, select IRQ or FIQ, and
enable the level.

= Interrupt Vector Address register. Contains the address of the interrupt
service routine.

Figure 38 illustrates a 32-vector interrupt controller.
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Interrupt Source 0

Interrupt Source 1

Interrupt Source 31

Priority Level O (highest)

Interrupt Source ID Reg 0

Interrupt Source 0

IRQ >
FIQ
Winning Priority Level ‘r“ Active Interrupt Level Reg

Interrupt Source 1

llnterrupt Vector Address Reg Level 0

Interrupt Source 31

Priority Level 1

Priority llnterrupt Vector Address Reg Level 1

ISADDR Reg

Interrupt Source ID Reg 1|

Interrupt Source 0

Encoder

llnterrupt Vector Address Reg Level 3.

Interrupt Source 1

Interrupt Source 31

Priority Level 31 (lowest)

Interrupt Source ID Reg 31

Figure 38: Interrupt controller block diagram

The IRQ interrupts are enabled by the respective enabling bits. Once enabled, the
interrupt source programmed in the Interrupt Configuration register for each priority
level connects the interrupt to one of 32 priority lines going into the priority encoder
block. The priority encoder block has a fixed order, with line 0 as the highest priority.
The interrupt with the highest priority level has its encoded priority level displayed,
to select the appropriate vector for the ISRADDR register (see "ISRADDR register” on
page 170). The CPU, once interrupted, can read the ISRADDR register to get the
address of the Interrupt Service Routine. A read to the ISRADDR register updates the
priority encoder block, which masks the current and any lower priority interrupt
requests. Writing to this address indicates to the priority hardware that the current
interrupt is serviced, allowing lower priority interrupts to become active.

The priority encoder block enables 32 prioritized interrupts to be serviced in nested
fashion. A software interrupt can be implemented by writing to a software interrupt
register. The software interrupt typically is assigned level 1 or level 2 priority.

Interrupt sources

An Interrupt Status register shows the current active interrupt requests. The Raw
Interrupts register shows the status of the unmasked interrupt requests.
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The NS9360 interrupt sources are assigned as shown:

Interrupt ID Interrupt source

0 Watchdog Timer

1 AHB Bus Error

2 BBus Bridge Aggregate Interrupt
3 Reserved

4 Ethernet Module Receive Interrupt
5 Ethernet Module Transmit Interrupt
6 Ethernet Phy Interrupt

7 LCD Module interrupt

8 Serial Port B Receive Interrupt

9 Serial Port B Transmit Interrupt
10 Serial Port A Receive Interrupt
11 Serial Port A Transmit Interrupt
12 Serial Port C Receive Interrupt
13 Serial Port C Transmit Interrupt
14 12C Interrupt

15 BBus DMA Interrupt

16 Timer Interrupt O

17 Timer Interrupt 1

18 Timer Interrupt 2

19 Timer Interrupt 3

20 Timer Interrupt 4

21 Timer Interrupt 5

22 Timer Interrupt 6

23 Timer Interrupt 7

24 RTC Interrupt

25 USB Host Interrupt
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Interrupt ID Interrupt source
26 USB Device Interrupt
27 IEEE 1284 Interrupt
28 External Interrupt O
29 External Interrupt 1
30 External Interrupt 2
31 External Interrupt 3

Vectored interrupt controller (VIC) flow

A vectored interrupt controller allows a reasonable interrupt latency for IRQ-line
interrupts. When an interrupt occurs, the CPU processor determines whether the
interrupt is from a FIQ or IRQ line. If the interrupt comes from the FIQ vector, the
interrupt service routine can be executed without knowing the interrupt source.

If the interrupt comes from the IRQ vector, the CPU performs these steps:

1

o o1 AW

Reads the service routine address from the VIC’s ISRADDR register. The read
updates the VIC’s priority hardware to prevent current or any lower priority
interrupts from interrupting until the higher priority interrupt has occurred.

Branches to the interrupt service routine and stacks the workspace so the IRQ
can be enabled.

Executes the interrupt service routine.
Clears the current interrupt from the source.
Disables the IRQ and restores the workplace.

Writes to the ISRADDR register to clear the current interrupt path in the VIC’s
priority hardware. Any value can be written.

Returns from the interrupt service routine.
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System attributes

System software can configure these NS9360 system attributes:
m Little endian/big endian mode

m  Watchdog timer enable

m  Watchdog timeout generates IRQ/FIQ/RESET

= Watchdog timeout interval

m  Enable/disable ERROR response for misaligned data access
m  System module clock enables

m  Enable access to internal registers in USER mode

= Bus monitor enable

= Bus monitor timeout interval

m  Bus bandwidth configuration

= Wake-up processor enable

PLL configuration

152

PLL operating parameters are initialized on a powerup hardware reset. Software
reads the powerup hardware settings by reading the status fields in the PLL
Configuration register (see "PLL Configuration register" on page 181). Software can
change the PLL configuration after a powerup reset by writing to the appropriate sw
field in the PLL Configuration register (see "PLL Configuration register," beginning on
page 181). Once the new settings have been written, the PLL SW change bit must be
set. The PLL settings then are written to the PLL, and the system is reset.

The PLL can be configured at powerup by placing pulldowns on the external memory
address pins. NS9360 provides internal pullups to produce a default configuration; see
"Bootstrap initialization" on page 153 for information about the powerup
configuration.

Figure 39 shows how the PLL clock is used to provide the NS9360 system clocks.
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XL_sys 0SC 99 4912 MHz
> M | CN -
div by cpu_clock (176.9472 MHz)
X2_Sys_0sc osc FN  CK 2 >
fixed
PLL di‘gby ahb_clock (88.4736 MHz)
BP ) >
Note, to use an external set by fixed
oscillator, place a 100 ohm strapping FS[1:0]
resistor in series between ND[4:0] || div by 8 bbus_clock (44.2368MHz) R
the oscillator and x1 ) fixed g
4 sdil\%bzr 32 led_clock
led_clock_in éor;ﬁgu'rable (internal or external source) R

lcd_clock_control (configurable) T

Sample Clock Frequency Settings With 29.4912MHz Crystal (FS= 01, div by 2)

ND+1  fq cpu_clk hclk bbus_clk led_clk
24 353.8944 176.9472 88.4736 44.2368 88.7872 - 11.0592
23 339.1488 169.5744 84.7872 42.3936 84.7872 - 10.5984
22 324.4032 162.2016 81.1008 40.5504 81.1008 - 10.1376
21 309.6576 154.8288 77.4144 38.7072 77.4144 - 9.6768
20 294.9120 147.4560 73.7280 36.8640 73.7280 - 9.2160
19 280.1644 140.0832 70.0416 35.0208 70.0416 - 8.7552
18  265.4208 132.7104 66.3552 33.1776 66.3552 - 8.2944
17  250.6752 125.3376 62.6688 31.3344 62.6688 - 7.8336
16  235.9296 117.9648 58.9824 29.4912 58.9824 - 7.3728
15  221.1840 110.5920 55.2960 27.6480 55.2960 - 6.9120
14  206.4384 103.2192 51.6096 24.8048 51.6096 - 6.4512

Figure 39: NS9360 system clock generation (PLL)

You can use this formula to calculate the system clock frequencies if a different
system oscillator frequency is used:

fuco = (fosc X (ND + 1) / FS)

fcpu_clk =fueo/2

fheik =fyeo /4

foouys_clk =fueo/8

ficd_clk = programmable, f,, / 4, 8, 16, or 32

Bootstrap initialization

The PLL and other system configuration settings can be configured at powerup before
the CPU boots. External pins are used to configure the necessary control register bits
at powerup. External pulldown resistors can be used to configure the PLL and system
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configuration registers depending on the application. The recommended value is 2.2k

ohm to 2.4k ohm.

Table 49 indicates how each bit is used to configure the powerup settings, where 1
indicates the internal pullup resistor and 0 indicates an external pulldown resistor.
Table 50 shows PLL ND[4:0] multiplier values. The NS9360 BGA layout in Chapter 19,
“Packaging,” shows bootstrapping pins.

Pin name

rtck_out

Configuration bits

Chip select 1 byte_lane_enable_n/write_enable_n configuration bootstrap
select

0 write_enable_n for byte-wide devices (default)
1  byte_lane_enable_n (2.4K pulldown added)

gpio[24]
gpio[20]

Chip select 1 data width bootstrap select
00 16 bits

01  8hits

11 32hits

gpio[49]

Chip select polarity
0 Active high
1 Active low

gpio[44]

Endian mode
0 Bigendian
1 Little endian

reset_done

Bootup mode
0 Boot from SDRAM using serial SPI EEPROM
1 Boot from flash/ROM

gpio[19]

Reserved: This pin must not be pulled to a logic 0 until reset_done is a logic 1.

gpio[17], gpio[12],
gpio[10], gpio[8],
gpio[4]

PLL ND[4:0] (PLL multiplier, ND+1)
See Table 50: "PLL ND[4:0] multiplier values."

gpio[2], gpio[0]

PLL FS[1:0] (PLL frequency select)
GPIO FS Divide by

10 00 1
11 01 2
00 10 4
01 11 8

Table 49: Configuration pins — Bootstrap initialization
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Register configuration:

gpio 17, 12, 10, 8, 4 Multiplier
11010 32
00100 31
11000 30
11001 29
11110 28
11111 27
11100 26
11101 25
10010 24
10011 23
10000 22
10001 21
10110 20
10111 19
10100 18
10101 17
01010 16
01011 15
01000 14
01001 13
01110 12
01111 11
01100 10
01101 9
00010 8

Table 50: PLL ND[4:0] multiplier values
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Register configuration:

gpio 17, 12, 10, 8, 4
00011

Multiplier

00000

00001

00110

00111

00100

N| Ww| ) O] O N

00101

1

Table 50: PLL ND[4:0] multiplier values

Sample frequency settings with 29.4912 MHz crystal

These are sample frequency settings for each speed grade:

m 176.9472 MHz: pulldown gpio[12], gpio[10], gpio[4]

m  154.8288 MHz: pulldown gpio[12], gpio[10], gpio[8]

s 103.2192 MHz: pulldown gpio[17], gpio[10], gpio[8], gpio[4]
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Additional GPI10O pins

There are 32 additional GPIO pins that are used to create a general purpose, user-
defined ID register (see "Gen ID register" on page 192). These external signals are
registered at powerup.

gpio[41] gpio[40] gpio[39] gpio[38]
gpio[37] gpio[36] gpio[35] gpio[34]
gpio[33] gpio[32] gpio[31] gpio[30]
gpio[29] gpio[28] gpio[27] gpio[26]
gpio[25] gpio[23] gpio[22] gpio[21]
gpio[18] gpio[16] gpio[15] gpio[14]
gpio[13] gpio[11] gpio[9] gpio[7]

gpio[6] gpio[5] gpio[3] gpio[1]

Read these signals for general purpose status information.

System configuration registers

Table 51 lists the configuration and status registers for the high-speed AHB bus
system.

All configuration registers must be accessed as 32-bit words and as single accesses
only. Bursting is not allowed.

Offset [31:24] [23:16] [15:8] [7:0]
A090 0000 AHB Arbiter Gen Configuration

A090 0004 BRCO

A090 0008 BRC1

A090 000C BRC2

A090 0010 BRC3

Table 51: System Control module registers
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Offset [31:24] [23:16] [15:8] [7:0]
A090 0014-A090 0040 Reserved

A090 0044 Timer 0 Reload Count register

A090 0048 Timer 1 Reload Count register

A090 004C Timer 2 Reload Count register

A090 0050 Timer 3 Reload Count register

A090 0054 Timer 4 Reload Count register

A090 0058 Timer 5 Reload Count register

A090 005C Timer 6 Reload Count register

A090 0060 Timer 7 Reload Count register

A090 0064 — A090 0080 Reserved

A090 0084 Timer 0 Read register

A090 0088 Timer 1 Read register

A090 008C Timer 2 Read register

A090 0090 Timer 3 Read register

A090 0094 Timer 4 Read register

A090 0098 Timer 5 Read register

A090 009C Timer 6 Read register

A090 00A0 Timer 7 Read register

A090 00A4 — A090 A090 00CO Reserved

A090 00C4 Interrupt VVector Address Register Level 0
A090 00C8 Interrupt Vector Address Register Level 1
A090 00CC Interrupt Vector Address Register Level 2
A090 00D0 Interrupt Vector Address Register Level 3
A090 00D4 Interrupt Vector Address Register Level 4
A090 00D8 Interrupt Vector Address Register Level 5
A090 00DC Interrupt Vector Address Register Level 6
A090 00EO Interrupt VVector Address Register Level 7

Table 51: System Control module registers
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Offset [31:24] [23:16] [15:8] [7:0]

A090 00E4 Interrupt Vector Address Register Level 8

A090 00E8 Interrupt Vector Address Register Level 9

A090 00EC Interrupt Vector Address Register Level 10

A090 00F0 Interrupt Vector Address Register Level 11

A090 00F4 Interrupt Vector Address Register Level 12

A090 00F8 Interrupt Vector Address Register Level 13

A090 00FC Interrupt Vector Address Register Level 14

A090 0100 Interrupt Vector Address Register Level 15

A090 0104 Interrupt Vector Address Register Level 16

A090 0108 Interrupt Vector Address Register Level 17

A090 010C Interrupt Vector Address Register Level 18

A090 0110 Interrupt Vector Address Register Level 19

A090 0114 Interrupt Vector Address Register Level 20

A090 0118 Interrupt Vector Address Register Level 21

A090 011C Interrupt Vector Address Register Level 22

A090 0120 Interrupt Vector Address Register Level 23

A090 0124 Interrupt Vector Address Register Level 24

A090 0128 Interrupt Vector Address Register Level 25

A090 012C Interrupt Vector Address Register Level 26

A090 0130 Interrupt Vector Address Register Level 27

A090 0134 Interrupt Vector Address Register Level 28

A090 0138 Interrupt Vector Address Register Level 29

A090 013C Interrupt Vector Address Register Level 30

A090 0140 Interrupt Vector Address Register Level 31

A090 0144 Int Config 0 Int Config 1 Int Config 2 Int Config 3
A090 0148 Int Config 4 Int Config 5 Int Config 6 Int Config 7
A090 014C Int Config 8 Int Config 9 Int Config 10 Int Config 11

Table 51: System Control module registers
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Offset [31:24] [23:16] [15:8] [7:0]

A090 0150 Int Config 12 Int Config 13 Int Config 14 Int Config 15
A090 0154 Int Config 16 Int Config 17 Int Config 18 Int Config 19
A090 0158 Int Config 20 Int Config 21 Int Config 22 Int Config 23
A090 015C Int Config 24 Int Config 25 Int Config 26 Int Config 27
A090 0160 Int Config 28 Int Config 29 Int Config 30 Int Config 31
A090 0164 ISRADDR

A090 0168 Interrupt Status Active

A090 016C Interrupt Status Raw

A090 0170 Timer Interrupt Status register

A090 0174 Software Watchdog Configuration

A090 0178 Software Watchdog Timer

A090 017C Clock Configuration register

A090 0180 Reset and Sleep Control register

A090 0184 Miscellaneous System Configuration register

A090 0188 PLL Configuration register

A090 018C Active Interrupt Level register

A090 0190 Timer 0 Control register

A090 0194 Timer 1 Control register

A090 0198 Timer 2 Control register

A090 019C Timer 3 Control register

A090 01A0 Timer 4 Control register

A090 01A4 Timer 5 Control register

A090 01A8 Timer 6 Control register

A090 01AC Timer 7 Control register

A090 01B0O - AQ90 01CC Reserved

A090 01D0 System Memory Chip Select 0 Dynamic Memory Base

A090 01D4 System Memory Chip Select 0 Dynamic Memory Mask

Table 51: System Control module registers
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Offset [31:24] [23:16] [15:8] [7:0]
A090 01D8 System Memory Chip Select 1 Dynamic Memory Base
A090 01DC System Memory Chip Select 1 Dynamic Memory Mask
A090 01E0 System Memory Chip Select 2 Dynamic Memory Base
A090 01E4 System Memory Chip Select 2 Dynamic Memory Mask
A090 01E8 System Memory Chip Select 3 Dynamic Memory Base
A090 01EC System Memory Chip Select 3 Dynamic Memory Mask
A090 01F0 System Memory Chip Select 0 Static Memory Base
A090 01F4 System Memory Chip Select 0 Static Memory Mask
A090 01F8 System Memory Chip Select 1 Static Memory Base
A090 01FC System Memory Chip Select 1 Static Memory Mask
A090 0200 System Memory Chip Select 2 Static Memory Base
A090 0204 System Memory Chip Select 2 Static Memory Mask
A090 0208 System Memory Chip Select 3 Static Memory Base
A090 020C System Memory Chip Select 3 Static Memory Mask
A090 0210 GenlD— General purpose, user-defined ID register
A090 0214 External Interrupt O Control register

A090 0218 External Interrupt 1 Control register

A090 021C External Interrupt 2 Control register

A090 0220 External Interrupt 3 Control register

A090 0224 RTC Clock Control

Table 51: System Control module registers
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AHB Arbiter Gen Configuration register

Address: A090 0000
The AHB Arbiter Gen Configuration register contains miscellaneous control settings

for the AHB bus arbiter.

31 30 29 28 27 26 25 23 22 21 20 19 18 17 16
Reserved

15 13 12 11 10 9 7 6 5 4 3 1 0

Reserved EXMA
Register bit assignment

Bits Access Mnemonic  Reset Description

D31:01 N/A Reserved N/A N/A

D00 R/W EXMA 0x0 CPU external memory access mode

0 Enabledirect access to external memory through Sivl
1 Disable direct access to external memory, arbitrate

with other masters through SIv0

Table 52: AHB Arbiter Gen Configuration register
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BRCO, BRC1, BRC2, and BRC3 registers

Address: A090 0004 / 0008 / 000C / 0010

System Control Module

The BRC[0:3] registers control the AHB arbiter bandwidth allocation scheme. Table 53

shows how the channels are assigned in the

four registers. Table 54 shows the bit

definition, or format, for each channel, using data bits [07:00] as the example.

Register name [31:24] [23:16] [15:08] [07:00]
BRCO Channel 0 Channel 1 Channel 2 Channel 3
BRC1 Channel 4 Channel 5 Channel 6 Channel 7
BRC2 Channel 8 Channel 9 Channel 10 Channel 11
BRC3 Channel 12 Channel 13 Channel 14 Channel 15
Table 53: BRC channel assignment
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Channel 0, 4, 8, or 12 Channel 1, 5, 9, or 13
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Channel 3, 7, 11, or 15
Channel 2, 6, 10, or 14
CEB | Rsvd | BRF HMSTR
Register bit assignment
Bits Access  Mnemonic  Reset Description
D07 R/W CEB 0x1 Channel enable bit
0 Disable
1 Enable
D06 N/A Reserved N/A N/A

Table 54: BRCO, BRC1, BRC2, BRC3 register
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Bits Access Mnemonic  Reset Description
D05:04 R/W BRF 0x0 Bandwidth reduction field
00 100%
01 75%
10 50%
11 25%
Programs the weight for each AHB bus master. Used to
limit the round robin scheduler.
D03:00 R/W HMSTR n hmaster
g‘;h:;f r;l's Program a particular AHB bus master number here.
u .
HMSTR #) Note that a particular master can be programmed to

more than one channel.

Table 54: BRCO, BRC1, BRC2, BRC3 register

Timer 0-7 Reload Count registers

Address: A090 0044 (Timer 0) / 0048 / 004C / 0050 / 0054 / 0058 / 005C /
0060 (Timer 7)

The Timer Reload registers hold the up/down reload value.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Timer reload count (TRCV)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Timer reload count (TRCV)

Register bit assignment

Bits Access Mnemonic  Reset Description

Timer Reload Count register value

Value loaded into the Timer register after the timer is
enabled and after the terminal count has been reached, if
the reload enable bit in the corresponding Timer Control
register is set.

D31:00 RIW TRCV 0x0

Table 55: Timer Reload Count register
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Timer 0-7 Read register

Address: A090 0084 (Timer 0) / 0088 / 008C / 0090 / 0094 / 0098 / 009C /
00AO (Timer 7)

The Timer Read registers read the current state of each Timer register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Timer read (TRR)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Timer read (TRR)

Register bit assignment

Bits Access Mnemonic  Reset Description

D31:00 R TRR 0x0 Timer Read register
Reads the current state of each counter in a register.

Table 56: Timer Read register

Timer 0-7 Control registers

Address: A090 0190 (Timer 0) /0194 /0198 /019C /01A0/01A4 / 01A8/
01AC (Timer 7)

Use the Timer Control registers to select the source clock frequency, as well as other
attributes, for each general purpose timer/counter.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEN Reserved TDBG | INTC TLCS ™ INTS | UDS TSz REN
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Register bit assignment

Bits Access Mnemonic

31:16 N/A Reserved

Reset

N/A

Description

N/A

D15 RIW TEN

0x0

Timer enable
0 Timer is disabled
1 Timer is enabled

D14:11 N/A Reserved

N/A

N/A

D10 R/W TDBG

0x0

CPU debug mode

0 Timer continues to run when CPU is halted in debug
mode

1 Timer stops when CPU is halted in debug mode

D09 RIW INTC

0x0

Interrupt clear

Clears the timer interrupt. System software must writea 1,
then a 0 to this location to clear the interrupt.

If the timer is programmed to halt on terminal count (that
is, REN is clear), the software must disable the timer by
setting TEN to 0 before clearing the interrupt by writing a
landthenaOto INTC.

D08:06 R/W TLCS

Table 57: Timer Control registers
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0x0

Timer clock select

000 CPU clock (must be used if this is the high word of
two concatenated timers)

001 CPUclock/2

010 CPUclock/4

011 CPUclock/8

100 CPU clock /16

101 CPU clock /32

110 CPU clock /64

111 External pulse event

m  Counting external pulse events, the frequency must
be less than one-half the CPU clock frequency.

m  For TLCS settings 000110, the terminal count can
be output using GPIO.
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Bits Access  Mnemonic  Reset Description
D05:04 R/W ™ 0x0 Timer mode
00 Internal timer or external event
01  External low-level, gated timer
10  External high-level, gated timer
11  Concatenate the lower timer. Not applicable on
timer 0.
Note:  When either external gated timer option is
selected, the timer clock select bits (08:06)
determine the frequency.
D03 R/W INTS 0x0 Interrupt select
0 Interrupt disable
1 Generate IRQ
D02 R/W uDS 0x0 Up/down select
0  Up counter
1 Down counter
Note:  When configured as an up counter, the terminal
count is OXFFFF_FFFF. When configured as a
down counter, the terminal count is
0x0000_0000.
D01 R/W TSz 0x0 32- or 16-bit timer
0  16-bit timer
1 32-bit timer
D00 R/IW REN 0x0 Reload enable
0 Halt at terminal count. The timer must be disabled,
then enabled to reload the timer when the terminal
count is reached. The interrupt select (INTS) bit must
be cleared during the interrupt service routine when
this mode is selected.
1 Reload and resume count at terminal count.
Table 57: Timer Control registers
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Interrupt Vector Address Register Level 0-31

Address: A090 00C4 / 00C8 / 00CC / 00D0 / 00D4 / 00D8 / 00DC / 00EQ / 00E4 / 00E8 / 00EC /
00F0 / 00F4 / 00F8 / 00FC / 0100/ 0104 /0108 / 010C / 0110/

0114/0118/011C /0120 /0124 /0128 / 012C / 0130/ 0134/ 0138 / 013C / 0140

The Interrupt Vector Address register configures the interrupt vector address for each
interrupt level source. There are 32 levels.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Interrupt vector address register value (IVARV)

15 14 13 12 11 10 9 8 7 6 5 4 3 2

Interrupt vector address register value (IVARV)

Register bit assignment

Bits Access Mnemonic  Reset Description

D31:00 R/W IVARV 0x0 Interrupt Vector Address register value

Provides the interrupt vector address for the specified
interrupt level.

Table 58: Interrupt vector address register
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Int (Interrupt) Config (Configuration) registers (0-31)

Address: A090 0144 /0148 /014C /0150 /0154 / 0158 / 015C / 0160
Each Int Config register is 8 bits in length, and programs each interrupt configuration

for each priority level. Table 60 shows how the 32 individual 8-byte registers are

mapped in the eight 32-bit registers. Table 61 shows how the bits are assigned in each
register, using data bits [07:00] as the example.

Register [31:24] [23:16] [15:08] [07:00]
A090 0144 Int Config O Int Config 1 Int Config 2 Int Config 3
A090 0148 Int Config 4 Int Config 5 Int Config 6 Int Config 7
A090 014C Int Config 8 Int Config 9 Int Config 10 Int Config 11
A090 0150 Int Config 12 Int Config 13 Int Configl4 Int Config 15
A090 0154 Int Config 16 Int Config 17 Int Config 18 Int Config 19
A090 0158 Int Config 20 Int Config 21 Int Config 22 Int Config 23
A090 015C Int Config 24 Int Config 25 Int Config 26 Int Config 27
A090 0160 Int Config 28 Int Config 29 Int Config 30 Int Config 31

Table 59: Interrupt configuration register address mapping

31 30 29 28 27 25 24 23 22 21 20 19 18 17 16
Int Config registers 0, 4, 8, 12, 16, Int Config registers 1, 5, 9, 13, 17,
20, 24, 28 21, 25, 29
15 14 13 12 11 9 8 7 6 5 4 3 2 1 0
Int Config registers 2, 6, 10, 14, 18, Int Config registers 3, 7, 11, 15, 19, 23, 27, 31
22, 26, 30 IE | INV | IT | Interrupt source ID
Register bit assignment
Blts Access Mnemonic  Reset Definition
D07 R/W IE 0x0 Interrupt enable
0 Interrupt is disabled
1 Interrupt is enabled

Table 60: Int Config register
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Blts Access Mnemonic  Reset Definition

D06 R INV 0x0 Invert
0 Do not invert the level of the interrupt source.
1 Invert the level of the interrupt source.

D05 R/W IT 0x0 Interrupt type
0 IRQ
1 FIQ
Note: If FIQ is programmed, Interrupt must be the
highest priority.
D04:00 R/W ISD 0x0- Interrupt source ID
Ox1F Assign an interrupt 1D to each priority level. See

"Interrupt sources," beginning on page 149, for the list of
interrupt 1D numbers.

Table 60: Int Config register

ISRADDR register
Address: A090 0164
The ISRADDR register provides the current ISRADDR value.

The Interrupt Vector Address register for the FIQ interrupt must be assigned a unique
value. If this unique address is seen by the IRQ service routine, software must read
the ISRADDR register again. The correct IRQ interrupt service routine address is read
the second time.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Interrupt service routine address (ISRA)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Interrupt service routine address (ISRA)
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Register bit assignment

Bits Access Mnemonic  Reset Description

D31:00 R/W ISRA 0x0 Interrupt service routine address

m A read to this register updates the priority logic
block, and masks the current and any lower priority
interrupt requests.

m A write of any value to this register clears the mask,
to allow lower priority interrupts to become active.

Table 61: ISRADDR register

Interrupt Status Active

Address: A090 0168
The Interrupt Status Active register shows the current interrupt request.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Interrupt status active (ISA)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Interrupt status active (ISA)

Register bit assignment

Bits Access Mnemonic  Reset Description

D31:00 R ISA 0x0 Interrupt status active
Provides the status of all active, enabled interrupt request
levels, where bit 0 is for the interrupt assigned to level 0,
bit 1 is for the interrupt assigned to level 1, and so on
through bit 31 for the interrupt assigned to level 31.

Table 62: Interrupt Status Active register

Interrupt Status Raw
Address: A090 016C
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The Interrupt Status Raw register shows all current interrupt requests.

31 30 29 28 27 26 25

23 22 21 20 19 18 17 16

Interrupt status raw (ISRAW)

15 14 13 12 11 10 9

7 6 5 4 3 2 1 0

Interrupt status raw (ISRAW)

Register bit assignment

Bits Access Mnemonic  Reset

D31:00 R ISRAW 0x0

Description

Interrupt status raw
Provides the status of all active, enabled, and disabled
interrupt request levels, where bit 0 is for the interrupt
assigned to level O, bit 1 is for the interrupt assigned to
level 1, and so on through bit 31 for the interrupt assigned
to level 31.

Table 63: Interrupt Status Raw register

Timer Interrupt Status register
Address: A090 0170

The Timer Interrupt Status register shows all current timer interrupt requests.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 0

Timer interrupt requests (TIS)
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Bits Access Mnemonic  Reset Description
D31:16 N/A Reserved N/A N/A
D15:00 R TIS 0x0 Timer interrupt requests, timer 15-timer 0

0 Inactive
1 Active

Table 64: Timer Interrupt Status register

Software Watchdog Configuration register

Address: A090 0174

The Software Watchdog Configuration register configures the software watchdog

timer operation.

31 30 29 28 27 26

25

24 23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved SDBG | SWWE| Rsvd [ SWWI [SWWIC| Rsvd SWTCS
Register bit assignment
Bits Access  Mnemonic  Reset Description
D31:09 N/A Reserved N/A N/A
D08 R/W SDBG 0x0 CPU debug mode
0  Timer continues to run when CPU is halted in debug
mode
1 Timer stops when CPU is halted in debug mode
D07 R/W SWWE 0x0 Software watchdog enable

0 Software watchdog disabled
1 Software watchdog enabled. Once this is set, it cannot
be cleared.

Table 65: Software Watchdog Configuration register
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Bits Access Mnemonic  Reset Description
D06 N/A Reserved N/A N/A
D05 R/W SWWI 0x0 Software watchdog interrupt clear
Write a 1, then a 0 to this bit to clear the software
watchdog interrupt.
D04 R/W SWWIC 0x0 Software watchdog interrupt response
0 Generate an interrupt
1  Generate the reset
D03 N/A Reserved N/A N/A
D02:00 R/W SWTCS 0x0 Software watchdog timer clock select

000 CPUclock/2
001 CPUclock/4
010 CPUclock/8
011 CPUclock/ 16
100 CPU clock /32
101 CPU clock /64
110 Reserved

111 Reserved

Table 65: Software Watchdog Configuration register

Software Watchdog Timer register
Address: A090 0178

The Software Watchdog Timer register services the watchdog timer.

31 30 29 28 27 26

25 24 23 22 21 20 19 18 17

16

Watchdog timer

15 14 13 12 11 10

9 8 7 6 5 4 3 2 1

Watchdog timer

174
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Bits Access Mnemonic  Reset

D31:00 R/W WT 0x0

System Control Module

Description

Watchdog timer

A read to this register gives the current value of the
watchdog timer, but will not change the contents.

A write to the register changes the contents based on

the write data value.

Table 66: Software Watchdog Timer register

Clock Configuration register
Address: A090 017C

The Clock Configuration register enables and disables clocks to each module on the

AHB bus.

31 30 29 28 27 26 25

24

23 22 21 20 19 18

17

16

MCO

BB

1284

Reserved DMA
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
USBD | USBH | SERCD | SERAB| RTC 12C LPCS BBC LCC MCC Reserved MACC
Register bit assignment
Bits Access Mnemonic  Reset Description
D31:19 N/A Reserved N/A N/A
D18 R/W MCO 0 Memory clock 0
0 Clock enabled
1 Clock disabled
D17 R/W BBDMA 1 BBus DMA
0 Clock disabled
1 Clock enabled
Table 67: Clock Configuration register
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Bits

D16

Access

R/W

Mnemonic

1284

Reset

1

Description

|IEEE 1284
0 Clock disabled
1 Clock enabled

D15

RIW

USBD

USB device
0 Clock disabled
1 Clock enabled

D14

R/W

USBH

USB host
0 Clock disabled
1 Clock enabled

D13

R/W

SERCD

Serial C/D
0 Clock disabled
1 Clock enabled

D12

RIW

SERAB

Serial A/B
0 Clock disabled
1 Clock enabled

D11

R/IW

RTC

Real time clock
0 Clock disabled
1 Clock enabled

D10

R/W

12c

12c
0 Clock disabled
1 Clock enabled

D09:07

RIW

LPCS

0x0

LCD panel clock select

000 AHB clock

001 AHBclock/2
010 AHBclock/4
011 AHBclock/8

Ixx LCD clock provided by external clock

D06

RIW

BBC

0x1

BBus
0 Clock disabled
1 Clock enabled

D05

RIW

LCC

0x1

Table 67: Clock Configuration register
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0 Clock disabled
1 Clock enabled
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Bits Access  Mnemonic  Reset Description

D04 R/W MCC 0x1 Memory controller
0 Clock disabled
1 Clock enabled

D03:01 N/A Reserved N/A N/A

D00 R/W MACC 0x1 Ethernet MAC
0 Clock disabled
1 Clock enabled

Table 67: Clock Configuration register

Reset and Sleep Control register

Address: A090 0180

The Reset and Sleep Control register resets each module on the AHB bus. To use sleep
mode, the CPU must reset and stop the clocks to all modules not used to wake up the
CPU. The memory controller must be reset and then re-enabled. The code that resets
the memory controller must be loaded into instruction cache first. The last step is to
set the CSE bit (D19) in the Reset and Sleep Control register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Reserved Reset Reserved BBW | I2CW | CSE |SMWE| EWE |EIOWE
Status
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved BBT LCDC | MEMC Reserved Not MACM
used
Register bit assignment
Bits Access Mnemonic  Reset Definition
D31:27 N/A Reserved N/A N/A

Table 68: Reset and Sleep Control register
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Bits Access Mnemonic  Reset Definition
D26:24 R RSTAT N/A Reset status
Determines the cause of the last chip reset.
001 External reset using reset_n
010 External reset using sreset_n
011 PLL change reset
100 Software watchdog reset
101 AHB bus monitor reset
D23:22 N/A Reserved N/A N/A
D21 R/W BBW 0x0 BBus aggregate interrupt wakeup enable
0 Do not wake up on a BBus aggregate interrupt.
1 Wake up on a BBus aggregate interrupt.
D20 R/W 1’cw 0x0 12c interrupt wake up enable
0 Do not wake up on an I12C interrupt.
1 Wake up onan I2C interrupt.
D19 R/W CSE 0x0 CPU sleep enable
System software writes a 1 to this bit to reset and stop the
clock to the CPU. Note that software is responsible for
stopping the clocks to all other modules before setting this
bit.
This bit must be cleared after the CPU is woken up, before
reentering the sleep state.
D18 R/W SMWE 0x0 Serial character match wake-up enable
0 Do notwake up on receipt of a character match by the
serial module.
1 Wake up on receipt of a character match by the serial
module.
D17 R/W EWE 0x0 Ethernet wake-up enable
0 Do not wake up on receipt of an Ethernet packet.
1 Wake up on receipt of an Ethernet packet.
D16 R/W EIOWE 0x0 Ext interrupt 0 wake-up enable
0 Do not wake up on Ext interrupt O input signal.
1 Wake up on active low Ext interrupt 0 input signal.
D15:07 N/A Reserved N/A N/A

Table 68: Reset and Sleep Control register
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Bits Access Mnemonic  Reset Definition
D06 R/W BBT 0x1 BBus top

0 Module reset

1 Module enabled
D05 R/W LCDC 0x1 LCD controller

0 Module reset

1 Module enabled
D04 R/W MEMC 0x1 Memory controller

0 Module reset

1 Module enabled
D03:02 N/A Reserved N/A N/A
Do01 R/W Not used 0x0 Must be written to 0.
D00 R/W MACM Ox1 Ethernet MAC

0 Module reset
1 Module enabled

Table 68: Reset and Sleep Control register

Miscellaneous System Configuration and Status register

Address: A090 0184

The Miscellaneous System Configuration and Status register configures miscellaneous
system configuration bits.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
REV ID
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved BMM | CS1DB CS1DW Reserved CS1P| Rsvd | ENDM Reserved IRAMO
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Register bit assignment

Bits Access Mnemonic  Reset Description
D31:24 R REV 0x0 Revision
Indicates the NS9360 hardware revision.
D23:16 R ID 0x1 ID
Indicates the NS9360 identification.
D15:12 N/A Reserved N/A N/A
D11 R BMM HW strap Bootup memory mode
reset_ done o Boot from SDRAM using SPI serial EEPROM
1 Boot from Flash/ROM on memory chip
select 1
Status only; indicates the bootup process.
D10 R CS1DB HW strap Chip select 1 data byte lane configuration HW strap
rtck_out setting
Status bit indicating the hardware strap setting of
external memory chip select 1 byte lane/write enable
signal configuration. This configuration can be changed
by writing to the appropriate control register in the
memory controller.
D09:08 R CS1DW HW strap Chip select 1 data width HW strap setting
gpio[24], 00 8 bits
0piol20] 47 16 bits
10 32 bits
11  Reserved
Status bits indicating the hardware strap setting of
external memory chip select 1 data width. The data
width can be changed by writing to the appropriate
control register in the memory controller.
D07:06 N/A Reserved N/A N/A
D05 R CS1P HWstrap  Chip select 1 polarity HW strap setting
gpio[49] Status bit indicating the hardware strap setting of
external memory chip select 1 polarity. The polarity can
be changed by writing to the appropriate control
registers in the memory controller.
D04 R Reserved N/A N/A

Table 69: Miscellaneous System Configuration and Status register
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Bits Access  Mnemonic  Reset Description

D03 R/W ENDM HW strap Endian mode
gpio[44] 0 Little endian mode
1 Big endian mode

D02:01 N/A Reserved N/A N/A

D00 R/W IRAMO 0x1 Internal register access mode bit 0
0 Allow access to internal registers using
PRIVILEGED mode only
1 Allow access to internal registers using
PRIVILEGED or USER mode.

Table 69: Miscellaneous System Configuration and Status register

PLL Configuration register

Address: A090 0188
The PLL Configuration register configures the PLL.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Reserved PLLFS Reserved PLLND
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLLSW Reserved PLLBW FSEL Reserved NDSW

Register bit assignment

Bits Access  Mnemonic  Reset Description
D31:25 N/A Reserved N/A N/A
D24:23 R PLLFS HWstrap PLL FS status [1:0]

gpiol2],  status register to determine the powerup strapping
gpio[0] settings or the new settings as changed by software.

D22:21 N/A Reserved N/A N/A

Table 70: PLL Configuration register
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Bits Access Mnemonic  Reset Description

D20:16 R PLLND HW strap  PLL ND status[4:0]

gpiol17],  status register to determine the powerup strapping
9pio[12],  gettings or the new settings as changed by software.

gpio[10],
gpio[8].
gpio[4]
D15 w PLLSW 0x0 PLL SW change
Write a 1 to this bit to change the PLL settings as defined
in bits D09:00.
Note: The chip is reset after this bit is writtentoa 1
allowing the PLL to reset and lock to the new settings.
D14:10 N/A Reserved N/A N/A
D09 RIW PLLBW 0x0 PLL bypass SW
Always set to 0.
D08:07 R/W FSEL 0x0 PLL frequency select (FS) [1:0]
PLL Output divider value
00 Divide by 1
01 Divide by 2
10 Divide by 4
11 Divide by 8
D06:05 N/A Reserved N/A N/A
D04:00 R/W NDSW Ox1A PLL ND SW [4:0]

PLL multiplier (ND+1).

Table 70: PLL Configuration register

Active Interrupt Level Status register

Address: A090 018C
The Active Interrupt Level Status register shows the current active interrupt level.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved INTID

Register bit assignment

Bits Access Mnemonic  Reset Description
D31:06 N/A Reserved N/A N/A
D05:00 R INTID 0x0 Interrupt

The level of the current active interrupt.

Table 71: Active Interrupt Level Status register

System Memory Chip Select 0 Dynamic Memory Base and Mask registers

Address: A090 01D0 / 01D4

These control registers set the base and mask for system memory chip select 0, with
a minimum size of 4K. The powerup default settings produce a memory range of
0x0000 0000 — OXOFFF FFFF.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 0 base (CS0B)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 0 base (CS0B) Reserved
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 0 mask (CSOM)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 0 mask (CSOM) Reserved CSEO

Register bit assignment

Bits Access Mnemonic  Reset Description
D31:12 R/W CSoB 0x00000 Chip select 0 base

Base address for chip select 0
D11:00 N/A Reserved N/A N/A
D31:12 R/W CSoM 0xF0000 Chip select 0 mask

Mask or size for chip select 0
D11:01 N/A Reserved N/A N/A
D00 R/W CSEO 0x1 Chip select 0 enable

0 Disable chip select
1 Enable chip select

Table 72: System Memory Chip Select 0 Dynamic Memory Base & Mask registers

System Memory Chip Select 1 Dynamic Memory Base and Mask registers

Address: A090 01D8/01DC

These control registers set the base and mask for system memory chip select 1, with
a minimum size of 4K. The powerup default settings produce a memory range of
0x1000 0000 — Ox1FFF FFFF.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 1 base (CS1B)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 1 base (CS1B) Reserved

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 1 mask (CS1M)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 1 mask (CS1M) Reserved CSE1

Register bit assignment

Bits Access Mnemonic  Reset Description
D31:12 R/W Cs1B 0x10000 Chip select 1 base

Base address for chip select 1
D11:00 N/A Reserved N/A N/A
D31:12 R/W CS1M 0xF0000 Chip select 1 mask

Mask or size for chip select 5
D11:01 N/A Reserved N/A N/A
D00 R/W CSE1 0x1 Chip select 1 enable

0 Disable chip select
1 Enable chip select

Table 73: System Memory Chip Select 1 Dynamic Memory Base & Mask registers

System Memory Chip Select 2 Dynamic Memory Base and Mask registers

Address: A090 01E0 / 01E4

These control registers set the base and mask for system memory chip select 2, with
a minimum size of 4K. The powerup default settings produce a memory range of
0x2000 0000 — Ox2FFF FFFF.
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31 29 27 26 25 24 23 22 21 20 19 18 17 16
Chip select 2 base (CS2B)
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Chip select 2 base (CS2B) Reserved
31 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Chip select 2 mask (CS2M)
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Chip select 2 mask (CS2M) Reserved CSE2
Register bit assignment
Bits Access Mnemonic  Reset Description
D31:12 R/W CS2B 0x20000 Chip select 2 base
Base address for chip select 2
D11:00 N/A Reserved N/A N/A
D31:12 R/W CS2M 0xF0000 Chip select 2 mask
Mask or size for chip select 2
D11:01 N/A Reserved N/A N/A
D00 R/W CSE2 0x1 Chip select 2 enable

0 Disable chip select
1 Enable chip select

Table 74: System Memory Chip Select 2 Dynamic Memory Base & Mask registers

System Memory Chip Select 3 Dynamic Memory Base and Mask registers

Address: A090 01E8/01EC
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These control registers set the base and mask for system memory chip select 3, with
a minimum size of 4K. The powerup default settings produce a memory range of
0x3000 0000 — Ox3FFF FFFF.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 3 base (CS3B)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 3 base (CS3B) Reserved

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 3 mask (CS3M)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 3 mask (CS3M) Reserved CSE3

Register bit assignment

Bits Access Mnemonic  Reset Description
D31:12 R/W CS3B 0x30000 Chip select 3 base

Base address for chip select 3
D11:00 N/A Reserved N/A N/A
D31:12 R/W CS3M 0xF0000 Chip select 3 mask

Mask or size for chip select 3
D11:01 N/A Reserved N/A N/A
D00 R/W CSE3 0x1 Chip select 3 enable

0 Disable chip select
1 Enable chip select

Table 75: System Memory Chip Select 3 Dynamic Memory Base & Mask registers
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System Memory Chip Select 0 Static Memory Base and Mask registers

Address: A090 01F0 / 01F4

These control registers set the base and mask for system memory chip select 0, with
a minimum size of 4K. The powerup default settings produce a memory range of
0x4000 0000 — Ox4FFF FFFF.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 0 base (CS0B)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 0 base (CSOB) Reserved

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 0 mask (CSOM)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 0 mask (CSOM) Reserved CSEO

Register bit assignment

Bits Access Mnemonic  Reset Description
D31:12 R/W CSoB 0x40000 Chip select 0 base

Base address for chip select 0.
D11:00 N/A Reserved N/A N/A
D31:12 R/W CSoM 0xF0000 Chip select 0 mask

Mask or size for chip select 0.
D11:01 N/A Reserved N/A N/A
D00 R/W CSEO 0x1 Chip select 0 enable

0 Disable chip select
1 Enable chip select

Table 76: System Memory Chip Select 0 Static Memory Base & Mask registers
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System Memory Chip Select 1 Static Memory Base and Mask registers

Address: A09001F8/01FC

These control registers set the base and mask for system memory chip select 1, with
a minimum size of 4K. The powerup default settings produce a memory range of
0x5000 0000 — OX5FFF FFFF.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 1 base (CS1B)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 1 base (CS1B) Reserved

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 1 mask (CS1M)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 1 mask (CS1M) Reserved CSE1

Register bit assignment

Bits Access  Mnemonic  Reset Description
D31:12 R/W CsiB 0x50000 Chip select 1 base

Base address for chip select 1
D11:00 N/A Reserved N/A N/A
D31:12 R/W CS1M 0xF0000 Chip select 1 mask

Mask or size for the chip select 1.
D11:01 N/A Reserved N/A N/A
D00 R/W CSE1 0x1 Chip select 1 enable

0 Disable chip select
1 Enable chip select

Table 77: System Memory Chip Select 1 Memory Base and Mask registers
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System Memory Chip Select 2 Static Memory Base and Mask registers

Address: A090 0200 / 0204

These control registers set the base and mask for system memory chip select 2, with
a minimum size of 4K. The powerup default settings produce a memory range of
0x6000 0000 — OX6FFF FFFF.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 2 base (CS2B)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 2 base (CS2B) Reserved

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 2 mask (CS2M)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 2 mask (CS2M) Reserved CSE2

Register bit assignment

Bits Access Mnemonic  Reset Description
D31:12 R/W CS2B 0x60000 Chip select 2 base

Base address for chip select 2.
D11:00 N/A Reserved N/A N/A
D31:12 R/W CS2M 0xF0000 Chip select 2 mask

Mask or size for chip select 2.
D11:01 N/A Reserved N/A N/A
D00 R/W CSE2 0x1 Chip select 2 enable

0 Disable chip select
1 Enable chip select

Table 78: System Memory Chip Select 2 Static Memory Base & Mask registers
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System Memory Chip Select 3 Static Memory Base and Mask registers

Address: A090 0208 / 020C

These control registers set the base and mask for system memory chip select 3, with
a minimum size of 4K. The powerup default settings produce a memory range of
0x7000 0000 — Ox7FFF FFFF.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 3 base (CS3B)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Chip select 3 base (CS3B) Reserved
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Chip select 3 mask (CS3M)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chip select 3 mask (CS3M) Reserved CSE3

Register bit assignment

Bits Access Mnemonic  Reset Description
D31:12 R/W CS3B 0x70000 Chip select 3 base

Base address for chip select 3.
D11:00 N/A Reserved N/A N/A
D31:12 R/W CS3M 0xF0000 Chip select 3 mask

Mask or size for chip select 3.
D11:01 N/A Reserved N/A N/A
D00 R/W CSE3 0x1 Chip select 3 enable

0 Disable chip select
1 Enable chip select

Table 79: System Memory Chip Select 3 Static Memory Base & Mask registers

www.digiembedded.com 191


http://www.digiembedded.com

System configuration registers

Gen ID register

Address: A090 0210
This register is read-only, and indicates the state of GPIO pins at powerup.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
GENID

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GENID

Register bit assignment

Bits Access Mnemonic  Reset Description

D31:00 R GENID Reflects the status of the GP1O GenID
inputS at reset. The GPIO Signals General Purpose 1D register
are listed in "Bootstrap
initialization," beginning on page
153.

Table 80: General Purpose ID register

External Interrupt 0-3 Control register

Address: A090 0214 /0218 /021C /0220
The External Interrupt Control registers control the behavior of external interrupts

0-3. The external interrupts are behind GPIO (see "GPIO MUX," beginning on page 50).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3

Reserved STS CLR | PLTY | LVEDG|
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Bits Access Mnemonic  Reset Description

D31:04 N/A Reserved N/A N/A

D03 R STS N/A Status
Status of the external signal before edge detect or level
conversion.

D02 R/W CLR 0x0 Clear
Write a 1, then a 0 to this bit to clear the interrupt
generated by the edge detect circuit.

D01 R/W PLTY 0x0 Polarity

0 If level-sensitive, the input source is active high.

If edge-sensitive, generate an interrupt on the rising
edge of the external interrupt.

1 If level-sensitive, the input source is active low. The
level is inverted before sending to the interrupt
controller.

If edge-sensitive, generate an interrupt on the falling
edge of the external interrupt.
D00 R/W LVEDG 0x0 Level edge

0 Level-sensitive interrupt
1 Edge-sensitive interrupt

Table 81: External Interrupt 0-3 Control register

RTC Clock Control register
Address: A090 0224

The RTC Clock Control register generates the 100Hz RTC clock.

31 30 29 28 27 25 24 23 22 21 20 19 18 17 16
RTC clock

15 14 13 12 11 9 7 6 5 4 3 2 1 0
RTC clock
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System configuration registers

Register bit assignment

Bits Access Mnemonic  Reset

D31:00 RIW RTCCLK 0

Description

RTC clock
Program this value:
PLL output frequency / 200

where
PLL output frequency = 2xCPU clock frequency

Table 82: RTC Clock Control register
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C HAPTER 5

The Multiport Memory Controller is an AMBA-compliant system-on-chip (SoC)
peripheral that connects to the Advanced High-performance Bus (AHB). The
remainder of this chapter refers to this controller as the memory controller.
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Features
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The memory controller provides these features:

AMBA 32-bit AHB compliancy.

Dynamic memory interface support including SDRAM and JEDEC low-power
SDRAM.

Asynchronous static memory device support including RAM, ROM, and Flash,
with and without asynchronous page mode.

Can operate with cached processors with copyback caches.
Can operate with uncached processors.
Low transaction latency.

Read and write buffers to reduce latency and improve performance,
particularly for uncached processors.

8-bit, 16-bit, and 32-bit wide static memory support.
16-bit and 32-bit wide chip select SDRAM memory support.
Static memory features, such as:

— Asynchronous page mode read

—  Programmable wait states

—  Bus turnaround delay

—  Output enable and write enable delays
—  Extended wait

Power-saving modes that dynamically control SDRAM clk_en.

Dynamic memory self-refresh mode supported by a power management unit
(PMU) interface or by software.

Controller supports 2K, 4K, and 8K row address synchronous memory parts;
that is, typical 512 MB, 256 MB, and 16 Mb parts with 8, 16, or 32 DQ bits
per device.

A separate AHB interface to program the memory controller. This enables
the memory controller registers to be situated in memory with other system
peripheral registers.

Locked AHB transaction support.
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m  Support for all AHB burst types.
m  Little and big endian support.

Note: Synchronous static memory devices (synchronous burst mode) are not
supported.

System overview

This figure shows the NS9360 memory controller in a sample system.

PCI System MAC Memory
Bridge/ CPU Control Controller
Arbiter module

AHB EFE
Arbiter
A A A A A
Y Y \ 4 Y \
AMBA AHB bus 1
Y
LCD BBus
Controller Bridge BBus
DMA
A A
NetSilicon BBus bus \ \
A A A A A
A v Yy v v
serial 10 BBUS EEE
12C | utiity | | 1284 usB
UART/SPI/
HDLC
Figure 40: NS9360 sample system
Note: The largest amount of memory allowed for a single chip select is 256 MB.
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Features

Low-power operation

In many systems, the contents of the memory system have to be maintained during
low-power sleep modes. NS9360 provides two features to enable this:

= Dynamic memory refresh over soft reset

= A mechanism to place the dynamic memories into self-refresh mode
Self-refresh mode can be entered as follows:

1  Set the SREFREQ bit in the Dynamic Memory Control register.

2 Poll the SREFACK bit in the Status register.

Note: Static memory can be accessed as normal when the SDRAM memory is in
self-refresh mode.

Low-power SDRAM partial array refresh

The memory controller supports JEDEC low-power SDRAM partial array refresh.
Partial array refresh can be programmed by initializing the SDRAM memory device
appropriately. When the memory device is put into self-refresh mode, only the
memory banks specified are refreshed. The memory banks that are not refreshed lose
their data contents.

Memory map

198

The memory controller provides hardware support for booting from external
nonvolatile memory. During booting, the nonvolatile memory must be located at
address 0x00000000 in memory. When the system is booted, the SRAM or SDRAM memory
can be remapped to address 0x00000000 by modifying the address map in the AHB
decoder.

Power-on reset memory map

On power-on reset, memory chip select 1 is mirrored onto memory chip select 0 and
chip select 4. Any transactions to memory chip select 0 or chip select 4 (or chip
select 1), then, access memory chip select 1. Clearing the address mirror bit (M) in
the Control register disables address mirroring, and memory chip select 0, chip select
4, and memory chip select 1 can be accessed as normal.
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Chip select 1 memory configuration

You can configure the memory width and chip select polarity of static memory chip
select 1 by using selected input signals. This allows you to boot from chip select 1.
These are the bootstrap signals:

m  boot_strap[4:3]: Memory width select

m  gpio[49]: Chip select polarity

m  hoot_strap[0]: Byte lane enable_n/write_enable_n for byte-wide devices

Example: Boot from flash, SRAM mapped after boot

The system is set up as:
m  Chip select 1 is connected to the boot flash device.

m  Chip select 0 is connected to the SRAM to be remapped to 0x00000000 after
boot.

The boot sequence is as follows:

1 At power-on, the reset chip select 1 is mirrored into chip select 0 (and chip
select 4). The following signals are configured so the nonvolatile memory device
can be accessed:

- boot_strap[4:3]
—  gpio[49]

2 When the power-on reset (reset_n) and AHB reset (HRESETn) go inactive, the
processor starts booting from 0x00000000 in memory.

3  The software programs the optimum delay values in the flash memory so the
boot code can run at full speed.

4 The code branches to chip select 1 so the code can continue executing from the
non-remapped memory location.

5  The appropriate values are programmed into the memory controller to configure
chip select 0.

6  The address mirroring is disabled by clearing the address mirror (M) field in the
Control register.

7  The ARM reset and interrupt vectors are copied from flash memory to SRAM that
can then be accessed at address 0x00000000.

8  More boot, initialization, or application code is executed.
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Example: Boot from flash, SDRAM remapped after boot

The system is set up as:

Chip select 1 is connected to the boot flash device.

Chip select 4 is connected to the SDRAM to be remapped to 0x00000000 after
boot.

The boot sequence is as follows:

1

At power-on, the reset chip select 1 is mirrored into chip select 4 (and chip
select 0). The following signals are configured so the nonvolatile memory device
can be accessed:

- boot_strap[4:3]

- gpio[49]

When the power-on reset (reset_n) and AHB reset (HRESETn) go inactive, the
processor starts booting from 0x00000000 in memory.

The software programs the optimum delay values in flash memory so the boot
code can run at full speed.

The code branches to chip select 1 so the code can continue executing from the
non-remapped memory location.

The appropriate values are programmed into the memory controller to configure
chip select 4, and the memory device is initialized.

The address mirroring is disabled by clearing the address mirror (M) field in the
Control register.

The ARM reset and interrupt vectors are copied from flash memory to SDRAM
that can then be accessed at address 0x00000000.

More boot, initialization, or application code is executed.

Static memory controller

Table 83 shows configurations for the static memory controller with different types of
memory devices. See "Static Memory Configuration 0-3 registers" on page 309 for
more information.

200
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Device Write protect Page mode Buffer
ROM Enabled Disabled Disabled 2
Page mode ROM Enabled Enabled Enabled 2
Extended wait ROM Enabled Disabled Disabled 2
SRAM Disabled (or enabled) b Disabled Disabled 2
Page mode SRAM Disabled (or enabled) b Enabled Enabled 2
Extended wait SRAM Disabled (or enabled) b Disabled Disabled 2
Flash Disabled or (enabled) b Disabled Disabled ©
Page mode flash Disabled or (enabled) b Enabled Enabled ©
Extended wait flash Disabled or (enabled) b Disabled Disabled 2
Memory mapped peripheral Disabled (or enabled) b Disabled Disabled

a  Enabling the buffers means that any access causes the buffer to be used. Depending on the
application, this can provide performance improvements. Devices without async-page-mode
support generally work better with the buffer disabled. Again, depending on the application, this

can provide performance improvements.

b SRAM and Flash memory devices can be write-protected if required.

¢ Buffering must be disabled when performing Flash memory commands and during writes.

Table 83: Static memory controller configurations

Notes:

m  Buffering enables the transaction order to be rearranged to improve
memory performance. If the transaction order is important, the buffers

must be disabled.

m  Extended wait and page mode cannot be enabled at the same time.

Write protection

Each static memory chip select can be configured for write-protection. SRAM usually
is unprotected and ROM devices must be write-protected (to avoid potential bus
conflict when performing a write access to ROM), but the P field in the Static Memory
Configuration register (see "Static Memory Configuration 0-3 registers” on page 309)
can be set to write-protect SRAM as well as ROM devices. If a write access is made to
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a write-protected memory bank, an error is indicated by the HRESP[1:0] signal. If a
write access is made to a memory bank containing ROM devices and the chip select is
not write-protected. An error is not returned and the write access proceeds as
normal. Note that this might lead to a bus conflict.

Extended wait transfers

202

The static memory controller supports extremely long transfer times. In normal use,
the memory transfers are timed using the Static Memory Read Delay register
(StaticWaitRd) and Static Memory Wait Delay register (StaticWaitWr). These registers
allow transfers with up to 32 wait states. If a very slow static memory device has to
be accessed, however, you can enable the static configuration extended wait (EW)
bit. When EW is enabled, the Static Extended Wait register is used to time both the
read and write transfers. The Static Extended Wait register allows transfers to have
up to 16368 wait states.

A peripheral can, at any time, signal to the NS9360 that it wants to complete an
access early by asserting the TA_STRB signal. This allows a slow peripheral with
variable access times to signal that it is ready to complete an access. The NS9360
normally completes an access when it finds a rising edge on TA_STRB.

For a burst access, the peripheral must toggle TA_STRB for each access it wants to
complete early. The peripheral is not required to assert TA_STRB for each access in
the burst; for example, the peripheral requires the programmed access for the start
of a four access burst followed by three early completion accesses, each signalled by
the assertion of TA_STRB.

Using the TA_sTRB signal is valid only when the EW bit is enabled.

Be aware:
m  Using extremely long transfer times might mean that SDRAM devices are not
refreshed correctly.

m  Very slow transfers can degrade system performance, as the external
memory interface is tied up for long periods of time. This has detrimental
effects on time critical services, such as interrupt latency and low latency
devices; for example, video controllers.
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Memory mapped peripherals

Some systems use external peripherals that can be accessed using the static memory
interface. Because of the way many of these peripherals function, the read and write
transfers to them must not be buffered. The buffer must therefore be disabled.

Static memory initialization

Static memory must be initialized as required after poweron reset (reset_n) by
programming the relevant registers in the memory controller as well as the
configuration registers in the external static memory device.

Access sequencing and memory width

The data width of each external memory bank must be configured by programming
the appropriate bank configuration register (Static Memory Configuration 0-3). When
the external memory bus is narrower that the transfer initiated from the current
main bus master, the internal bus transfer takes several external bus transfers to
complete.

For example, if bank 0 is configured as 8-bit wide memory and a 32-bit read is
initiated, the AHB bus stalls while the memory controller reads four consecutive
bytes from the memory. During these accesses, the static memory controller block
demultiplexes the four bytes into one 32-bit word on the AHB bus.

Wait state generation

Each bank of the memory controller must be configured for external transfer wait
states in read and write accesses.

Configure the banks by programming the appropriate bank control registers:
m  "Static Memory Configuration 0-3 registers" on page 309 (StaticConfig[n])

m  "Static Memory Write Enable Delay 0-3 registers" on page 313
(StaticWaitWen[n])

= "Static Memory Output Enable Delay 0-3 registers" on page 314
(StaticWaitOen[n])

m  "Static Memory Read Delay 0-3 registers" on page 315 (StaticWaitRd[n])
m  "Static Memory Write Delay 0-3 registers" on page 317 (StaticWaitWr[n])

www.digiembedded.com 203


http://www.digiembedded.com

Static memory controller
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m  "Static Memory Page Mode Read Delay 0-3 registers" on page 316
(StaticWaitPage[n])

m  "Static Memory Turn Round Delay 0-3 registers" on page 318
(StaticWaitTurn[n])

m  "Static Memory Extended Wait register" on page 303 (StaticExtendedWait)

The number of cycles in which an AMBA transfer completes is controlled by two
additional factors:

m  Access width
m  External memory width

Each bank of the memory controller has a programmable enable for the extended
wait (EW). The WAITRD wait state field in the Static Memory Read Delay register can
be programmed to select from 1-32 wait states for read memory accesses to SRAM
and ROM, or the initial read access to page mode devices. The WAITWR wait state
field in the Static Memory Write Delay register can be programmed to select from 1-
32 wait states for access to SRAM. The Static Memory Page Mode Read Delay register
can be programmed to select from 1-32 wait states for page mode accesses.

Static memory read control

There are three types of static memory read controls:
= Output enable programmable delay

n ROM, SRAM, and flash

m  Asynchronous page mode read

Output enable programmable delay

The delay between the assertion of the chip select and the output enable is
programmable from 0 to 15 cycles using the wait output enable bits (WAITOEN) in the
Static Memory Output Enable Delay registers. The delay is used to reduce power
consumption for memories that cannot provide valid output data immediately after
the chip select has been asserted. The output enable is always deasserted at the
same time as the chip select. at the end of the transfer.

ROM, SRAM, and Flash

The memory controller uses the same read timing control for ROM, SRAM, and flash
devices. Each read starts with the assertion of the appropriate memory bank chip
select signals (STCsoUT_n) and memory address (ADDROUT[27:0]). The read access time
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is determined by the number of wait states programmed for the WAITRD field in the
Static Memory Read Delay register. The WAITTURN field in the Static Memory Turn
round Delay register determines the number of bus turnaround wait states added
between external read and write transfers.

This figure shows an external memory read transfer with the minimum zero wait
states (WAITRD=0). Cycles TO through T4 are internal AHB bus cycles. These cycles are
required to arbitrate for control of the AHB bus. Maximum performance is achieved
when accessing the external device with load multiple (LDM) or store multiple (STM)
CPU instructions. Table 84 provides the timing parameters. Table 85 describes the
transactions in Figure 41.

T0 T1 T2 T3 T4 5 T6
clk_out | | |
ADDR X A
DATAIN_n [ ow
STCSOUT_n
COEOUT _n Y

Figure 41: External memory 0 wait state read timing diagram

Timing parameter Value
WAITRD 0
WAITOEN 0
WAITPAGE N/A
WAITWR N/A
WAITWEN N/A
WAITTURN N/A

Table 84: Static memory timing parameters
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Cycle Description

TO AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Avrbitration of AHB memory ports.

T4-T5 Static memory address, chip select, and control signals submitted to

static memory.

T5-T6 Read data returned from the static memory. Data is provided to AHB.

Table 85: External memory 0 wait state read
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Figure 42 shows an external memory read transfer with two wait states (WAITRD=2).
Seven AHB cycles are required for the transfer, five for the standard read access and
an additional two because of the programmed wait states added (WAITRD). Table 86
provides the timing parameters. Table 87 describes the transactions in this figure.

clk_out

ADDR

DATAIN

STCSOUT n
COEOUT n

A ) O B O
X A
o)
\ /

Figure 42: External memory 2 wait state read timing diagram

Timing parameter Value
WAITRD 2
WAITOEN 0
WAITPAGE N/A
WAITWR N/A
WAITEN N/A
WAITTURN N/A

Table 86: Static memory timing parameters

Cycle Description

T0 AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Arbitration of AHB memory ports.

T4-T5 Static memory address, chip select, and control signals submitted to
static memory.

T5-T6 Read wait state 1.

Table 87: External memory 2 wait state read

www.digiembedded.com

207


http://www.digiembedded.com

Static memory controller

Cycle Description

T6-T7 Read wait state 2.

T7-T8 Read data returned from the static memory. Data is provided to the
AHB.

Table 87: External memory 2 wait state read

Figure 43 shows an external memory read transfer with two output enable delay
states (WAITOEN=2). Seven AHB cycles are required for the transfer, five for the
standard read and an additional two because of the output delay states added.
Table 88 provides the timing parameters. Table 89 describes the transactions for this

figure.
T0 T 7 T3 T4 15 T6 7 T8
oot T L L L L L LT L L
ADDR X A
DATAIN ED
STCSOUT_n \ [
COEOUT_n \ [

Figure 43: External memory 2 output enable delay state read timing diagram

Timing parameter Value
WAITRD 2
WAITOEN 2
WAITPAGE N/A
WAITWR N/A
WAITWEN N/A
WAITTURN N/A

Table 88: Static memory timing parameters
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Cycle Description

T0 AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Avrbitration of AHB memory ports.

T4-T5 Static memory address, chip select, and control signals submitted to
static memory. Static memory output enable inactive.

T5-T6 Static memory output enable inactive.

T6-T7 Static memory output enable active.

T7-T8 Read data returned from static memory. Data is provided to the AHB.

Table 89: External memory 2 output enable delay state

Figure 44 shows external memory read transfers with zero wait states (WAITRD=0).
These transfers can be non-sequential transfers or sequential transfers of a specified
burst length. Bursts of unspecified length are interpreted as INCR4 transfers. All
transfers are treated as separate reads, so have the minimum of five AHB cycles

added.
Table 90 provides the timing parameters. Table 91 describes the transactions for this
figure.
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13
S O I
ADDR X A 0 B
DATAIN \ ow ) 0@
STCSOUT_n
COEOUT n J \_

Figure 44: External memory 2 0 wait state read timing diagram

Timing parameter Value

WAITRD

Table 90: Static memory timing parameters

www.digiembedded.com 209


http://www.digiembedded.com

Static memory controller

Timing parameter Value
WAITOEN 0
WAITPAGE N/A
WAITWR N/A
WAITWEN N/A
WAITTURN N/A

Table 90: Static memory timing parameters

Cycle Description

TO AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Avrbitration of AHB memory ports.

T4-T5 Static memory address, chip select, and control signals submitted to
static memory.

T5-T6 Read data returned to static memory. Data is provided to the AHB.

T6-T7 AHB address provided to memory controller. AHB transaction
processing.

T7 AHB address provided to memory controller.

T7-T8 AHB transaction processing.

T8-T11 Arbitration of AHB memory ports.

T11-T12 Static memory address, chip select, and control signals submitted to

static memory.

T12-T13 Read data returned from static memory. Data is provided to the AHB.

Table 91: External memory 2 0 wait state reads

Figure 45 shows a burst of zero wait state reads with the length specified. Because
the length of the burst is known, the chip select can be held asserted during the
whole burst and generate the external transfers before the current AHB transfer has
completed. The first read requires five arbitration cycles; the three subsequent
sequential reads have zero AHB cycles added because the external transfers are
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describes the transactions for this figure.

clk_out

ADDR

DATAIN

CSCTSOUT_n
COEOUT n

TO T1 T2 T3 T4 5 T6 T7

S T U B [ O

oA X A oA

D(A+4) D(A+8)

\

ool L O

1A

°)

s

Figure 45: External memory 0 wait fixed length burst read timing diagram

Timing parameter Value
WAITRD 0
WAITOEN 0
WAITPAGE N/A
WAITWR N/A
WAITWEN N/A
WAITTURN N/A

Table 92: SRAM timing parameters

Cycle Description

T0 AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Avrbitration of AHB memory ports.

T4-T5 Static memory read 0 address, chip select, and control signals
submitted to static memory.

T5-T6 Static memory read 1 address, chip select, and control signals

submitted to static memory. Read data O returned from static
memory.

Read data 0 is provided to the AHB.

Table 93: External memory zero wait fixed length burst read
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Cycle Description

T6-T7 Static memory read 2 address, chip select, and control signals
submitted to static memory. Read data 1 returned from the static
memory.

Read data 1 is provided to the AHB.

T7-T8 Static memory read 3 address, chip select, and control signals
submitted to static memory. Read data 2 returned from the static
memory.

Read data 2 is provided to the AHB.

T8-T9 Read data 3 returned from the static memory.
Read data 3 is provided to the AHB.

Table 93: External memory zero wait fixed length burst read

Figure 46 shows a burst of two wait state reads with the length specified. The wWAITRD
value is used for all transfers in the burst. Table 94 provides the timing parameters.
Table 95 describes the transactions for this figure.

5 T6 T7 T8 T9 T10 Ti1 T12

5 O A

T0 T1 T2 T3 T

clk_out ’_ummmm

e &
4

ADDR A A+d X A+8

DATAIN D(A)( X )(
SCTSOUT n DA+
COEOUT _n

Figure 46: External memory 2 wait states fixed length burst read timing diagram

Timing parameter Value
WAITRD 2
WAITOEN 0
WAITPAGE N/A
WAITWR N/A
WAITWEN N/A
WAITTURN N/A

Table 94: SRAM timing diagrams
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Cycle Description

T0 AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Avrbitration of memory ports.

T4-T5 Static memory address, chip select, and control signals submitted to

static memory.

T5-T6 Read wait state 1.
T6-T7 Read wait state 2.
T7-T8 Read data O returned from the static memory.

Read data O is provided to the AHB.

Static memory transfer 1, address, chip select, and control signals
submitted to static memory.

T8-T9 Read wait state 1.
T9-T10 Read wait state 2.
T10-T11 Read data 1 returned from the static memory.

Read data 1 is provided to the AHB.

Static memory transfer 2, address, chip select, and control signals
submitted to static memory.

T11-T12 Read wait state 1.

Table 95: External memory 2 wait states fixed length burst read

Asynchronous page mode read

The memory controller supports asynchronous page mode read of up to four memory
transfers by updating address bits A[1] and A[0]. This feature increases the
bandwidth by using a reduced access time for the read accesses that are in page
mode. The first read access takes static wait read and WAITRD cycles. Subsequent
read accesses that are in page mode take static wait page and WAITPAGE cycles. The
chip select and output enable lines are held during the burst, and only the lower two
address bits change between subsequent accesses. At the end of the burst, the chip
select and output enable lines are deasserted together.

Figure 47 shows an external memory page mode read transfer with two initial wait
states and one sequential wait state. The first read requires five AHB arbitration
cycles (plus three wait states); the following (up to 3) sequential transfers have only
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one AHB wait state. This gives increased performance over the equivalent nonpage
mode ROM timing. Table 96 provides the timing parameters. Table 97 describes the
transactions for this figure.

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Ti1 T12

oot L L LI L L L L

ADDR \ A T

DATAIN \ o X

SCTSOUT n \ D(A+) D(A+8)
OEOUT n

Figure 47: External memory page mode read transfer timing diagram

Timing parameter Value
WAITRD 2
WAITOEN 0
WAITPAGE 1
WAITWR N/A
WAITWEN N/A
WAITTURN N/A

Table 96: Static memory timing parameters

Cycle Description

TO AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Avrbitration of AHB memory ports.

T4-T5 Static memory transfer 0, address, chip select, and control signals

submitted to static memory.

T5-T6 Read wait state 1.

T6-T7 Read wait state 2.

Table 97: External memory page mode read
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Cycle Description

T7-T8 Read data O returned from static memory.
Read data is provided to the AHB.
Static memory transfer 1, address, chip select, and control signals
submitted to static memory.

T8-T9 Read page mode wait state 1.

T9-T10 Read data 1 returned from the static memory.
Read data 1 is provided to the AHB.
Static memory transfer 2, address, chip select, and control signals
submitted to static memory.

T10-T11 Read page mode wait state 1.

T11-T12 Read data 2 returned from the static memory.

Read data 2 is provided to the AHB.

Static memory transfer 3, address, chip select, and control signals
submitted to static memory.

Table 97: External memory page mode read

Figure 48 shows a 32-bit read from an 8-bit page mode ROM device, causing four burst
reads to be performed. A total of eight AHB wait states are added during this
transfer, five AHB arbitration cycles and then one for each of the subsequent reads.
WAITRD and WAITPAGE are 0. Table 98 provides the timing parameters. Table 99
describes the transactions for this figure.

clk_out

ADDR

DATAIN

SCTSOUT _n
OEOUT _n

Figure 48: External memory 32-bit burst read from 8-bit memory timing diagram

TO Tl T2 T3 T4 T5 T6

S U B

T7

oA ) A Y A

D(A+1)

D(A+2)

NG
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Timing parameters Value
WAITRD 0
WAITOEN 0
WAITPAGE 0
WAITWR N/A
WAITWEN N/A
WAITTURN N/A

Table 98: Static memory timing parameters

Cycle Description

TO AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Arbitration of AHB memory ports.

T4-T5 Static memory transfer 0, address, chip select, and control signals
submitted to static memory.

T5-T6 Static memory transfer 1, address, chip select, and control signals
submitted to static memory. Read data byte 0 returned from static
memory.

T6-T7 Static memory transfer 2, address, chip select, and control signals
submitted to static memory. Read data byte 1 returned from the static
memory.

T7-T8 Static memory transfer 3, address chip select, and control signals
submitted to static memory. Read data byte 2 returned from the static
memory.

T8-T9 Read data byte 3 returned from the static memory.

Read data 32-bit word is provided to the AHB.

Table 99: External memory 32-bit burst read from 8-bit memory
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Static memory write control

Write enable programming delay

The delay between the assertion of the chip select and the write enable is
programmable from 1 to 16 cycles using the WAITWEN bits of the Static Memory Write
Enable Delay (StaticWaitWen[3:0]) registers. The delay reduces the power
consumption for memories. The write enable is asserted on the rising edge of HCLK
after the assertion of the chip select for zero wait states. The write enable is always
deasserted a cycle before the chip select, at the end of the transfer. BLsouT_n (byte
lane signal) has the same timing as WEOUT_n (write enable signal) for writes to 8-bit
devices that use the byte lane selects instead of the write enables.

SRAM

Write timing for SRAM starts with assertion of the appropriate memory bank chip
selects (sTcsouT[n]_n) and address signals (ADDROUT[27:0]_n). The write access time is
determined by the number of wait states programmed for the wWAITWR field in the
Static Memory Write Delay register (see "Static Memory Write Delay 0-3 registers" on
page 317). The waITTURN field in the bank control register (see "Static Memory Turn
Round Delay 0-3 registers" on page 318) determines the number of bus turnaround
wait states added between external read and write transfers.

Figure 49 shows a single external memory write transfer with minimum zero wait
states (WAITWR=0). One wait state is added. Table 100 provides the timing
parameters. Table 101 describes the transactions for this figure.

TO Tl T2 T3 T4 T5 T6

clk_out | | | | | | |

ADDR X

DATAOUT >< °®

STCSOUT n \ /
WOEOUT n \ J

Figure 49: External memory 0 wait state write timing diagram
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Timing parameters Value
WAITRD N/A
WAITOEN N/A
WAITPAGE N/A
WAITWR 0
WAITWEN 0
WAITTURN N/A

Table 100: Static memory timing parameters

Cycle Description

TO AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Arbitration of AHB memory ports.

T4-T5 Static memory transfer 0, address, chip select, and control signals

submitted to static memory.
Write data is read from the AHB memory port.
Write enable inactive.

T5-T6 Write enable taken active.
Write data submitted to static memory.
Static memory writes the data.

T6-T7 Static memory writes the data.
Write enable taken inactive.

T7-T8 Static memory control signals taken inactive.

Table 101: External memory 0 wait state write

Figure 50 shows a single external memory write transfer with two wait states
(WAITWR=2). One AHB wait state is added. Table 102 provides the timing parameters.
Table 103 describes the transactions for this figure.
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clk_out

ADDR
DATAOUT
STCSOUT_n

WEOUT n

Memory Controller

D(A)

C
-
-
-
Ul
o
A
-
-
-

Figure 50: External memory 2 wait state write timing diagram

Timing parameter Value
WAITRD N/A
WAITOEN N/A
WAITPAGE N/A
WAITWR 2
WAITWEN 0
WAITTURN N/A

Table 102: Static

memory timing parameters

Cycle Description

TO AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Avrbitration of AHB memory ports.

T4-T5 Static memory transfer 0, address, chip select, and control signals
submitted to static memory.
Write data is read from the AHB memory port.
Write enable inactive.

T5-T6 Write enable taken active.

Write data submitted to static memory.

Table 103: External memory 2 wait state write
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Cycle Description

T6-T7 Wait state 1.

T7-T8 Wait state 2.

T8-T9 Static memory writes the data.

Write enable taken inactive.

T9-T10 Static memory control signals taken inactive.

Table 103: External memory 2 wait state write

Figure 51 shows a single external memory write transfer with two write enable delay
states (WAITWEN=2). One wait state is added. Table 104 provides the timing

parameters.
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0
TS R R I B
ADDR ) A )(
DATAOUT )( D) X
STCSOUT_n \ [
WEOUT o/

Figure 51: External memory 2 write enable delay write timing diagram

Timing parameters Value
WAITRD N/A
WAITOEN N/A
WAITPAGE N/A
WAITWR 2
WAITWEN 2
WAITTURN N/A

Table 104: Static memory timing parameters
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Cycle Description

T0 AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Avrbitration of AHB memory ports.

T4-T5 Static memory transfer 0, address, chip select, and control signals

submitted to static memory.
Write data is read from the AHB memory port.
Write enable active.

T5-T6 Write data submitted to static memory.
Write enable wait state 1.

T6-T7 Write enable wait state 2.

T7-T8 Write enable taken active.

T8-T9 Static memory writes the data.

Write enable taken inactive.

T9-T10 Static memory control signals taken inactive.

Table 105: External memory 2 write enable delay write

Figure 52 shows two external memory write transfers with zero wait states
(wAITWR=0). Four AHB wait states are added to the second write, because this write
can be started only when the first write has completed. This is the timing of any
sequence of write transfers, nonsequential to nonsequential or nonsequential to
sequential, with any value of HBURST. The maximum speed of write transfers is
controlled by the external timing of the write enable relative to the chip select, so
all external writes must take two cycles to complete: the cycle in which write enable
is asserted and the cycle in which write enable is deasserted. Table 106 provides the
timing parameters. Table 107 describes the transactions for this figure.
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clk_out

ADDR
DATAOUT
SCTSOUT_n

WEOUT _n

D(A)

D(A+4

—

s
.
.
.
JUle.
=5
.
RS
=5
e
.

/

Figure 52: External memory 2 0 wait writes timing diagram

Timing parameter Value
WAITRD N/A
WAITOEN N/A
WAITPAGE N/A
WAITWR 0
WAITWEN 0
WAITTURN 0

Table 106: Static memory timing parameters

Cycle Description

TO AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Avrbitration of AHB memory ports.

T4-T5 Static memory transfer 0, address, chip select, and control signals
submitted to static memory.
Write data O is read from the AHB memory port.
Write enable inactive.

T5-T6 Write enable taken active.

Write data submitted to static memory.

Table 107: External memory 2 0 wait writes
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Cycle Description

T6-T7 Static memory writes data 0.
Write enable taken inactive.
Write data 1 is read from AHB memory port.

T7-T8 Static memory control signals taken inactive.
T8-T9 Memory controller processing.
T9-T10 Static memory transfer 1, address, chip select, and control signals

submitted to static memory.
Write enable inactive.
Write data submitted to static memory.

T10-T11 Write enable taken active.

T11-T12 Static memory writes data 1.
Write enable taken inactive.

Table 107: External memory 2 0 wait writes

Flash memory
Write timing for flash memory is the same as for SRAM devices.

Bus turnaround

The memory controller can be configured for each memory bank to use external bus
turnaround cycles between read and write memory accesses. The WAITTURN field can
be programmed for 1 to 16 turnaround wait states, to avoid bus contention on the
external memory databus. Bus turnaround cycles are generated between external bus
transfers as follows:

m  Read to read (different memory banks)
m  Read to write (same memory bank)
m  Read to write (different memory banks)

Figure 53 shows a zero wait read followed by a zero wait write with default
turnaround between the transfers of two cycles because of the timing of the AHB
transfers. Standard AHB wait states are added to the transfers, five for the read and
three for the write. The next two tables provides the timing parameters and describe
the transactions for this figure.
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ekout T UL L L L L L L
ADDR ) A ) 0 ) B
DATAIN I o X
DATAOUT ) D(B)
OEOUT \_j
STCSOUT_n ) \
WEOUT _n L
DATAEN_n \

Figure 53: Read followed by write (both 0 wait) with no turnaround

Timing parameter Value
WAITRD 0
WAITOEN 0
WAITPAGE N/A
WAITWR 0
WAITWEN 0
WAITTURN 0

Table 108: Static memory timing parameters
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Cycle Description

TO AHB address provided to the memory controller.

TO-T1 AHB transaction processing.

T1-T4 Avrbitration of AHB memory ports.

T4-T5 AHB write address provided to memory controller.

T5-T6 Memory controller processing.

T6-T7 Memory controller processing.

T7-T8 Static memory transfer address, chip select, and control signals

submitted to static memory.
Write data is read from AHB memory port.
Write enable inactive.

T8-T9 Write enable taken active.
Write data submitted to static memory.

T9-T10 Static memory control signals taken inactive.
T10-T11 Memory controller processing.
T11-T12 Static memory transfer 1, address, chip select, and control signals

submitted to static memory.
Write enable inactive.
Write data submitted to static memory.

T12-T13 Write enable taken active.

T13-T14 Static memory writes data 1.
Write enable taken inactive.

Table 109: Read followed by write (both 0 wait) with no turnaround

Figure 54 shows a zero wait write followed by a zero wait read with default
turnaround between the transfers of one cycle. Three wait states are added to the
write transfer; five wait states are added to the read transfer. The fiveAHB
arbitration cycles for the read transfer include two wait states to allow the previous
write access to complete and the three standard wait states for the read transfer.

The next two tables provide the timing parameters and describe the transactions for
this figure.
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T 0 m  Tw” ™ M B T T s  T9 T
ADDR X A X B
DATAIN X oe) )
DATAOUT oW
COEOUT n 1
STCSOUT_n \ /S
WEOUT _n ]/
DATAEN_n

Figure 54: Write followed by a read (both 0 wait) with no turnaround

Timing parameters

WAITRD 0
WAITOEN 0
WAITPAGE N/A
WAITWR 0
WAITWEN 0
WAITTURN 0

Table 110: Static memory timing parameters

Cycle Description

TO AHB address provided to memory controller.
TO-T1 AHB transaction processing.

T1-T4 Arbitration of memory ports.

Table 111: Write followed by read (both 0 wait) with no turnaround
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clk_out

ADDROUT

DATAIN

DATAOUT

OEOUT_n

CSTCSOUT_n

WEOUT _n

DATAEN_n

Memory Controller

Cycle Description
T4-T5 Static memory address, chip select, and control signals submitted to
static memory.
Write data is read from AHB memory port.
Write enable inactive.
AHB read address provided to memory controller.
T5-T6 Write enable taken active.
Write data submitted to static memory.
T6-T7 Static memory writes the data.
Write enable taken inactive.
T7-T8 Static memory control signals taken inactive.
T8-T9 Static memory address, chip select, and control signals submitted to
static memory.
T9-T10 Read data returned from the static memory. Data is provided to the

AHB.

Table 111: Write followed by read (both 0 wait) with no turnaround

Figure 55 shows a zero wait read followed by a zero wait write with two turnaround
cycles added. The standard minimum of three AHB arbitration cycles is added to the
read transfer and two wait states are added to the write transfer (as for any read-
write transfer sequence). The next two tables provide the timing parameters and
describe the transactions for this figure.

TO

1

Tl

T2 T3 T4 5 T6 T T8 T9 T10 Ti1

R I O B

X D(A)

>

1S

~ ~

(U
(W

Figure 55: Read followed by a write (all 0 wait state) with two turnaround cycles
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Timing parameters Value
WAITRD 0
WAITOEN 0
WAITPAGE N/A
WAITWR 0
WAITWEN 0
WAITTURN 2

Table 112: Static memory timing parameters

Cycle Description

TO AHB address provided to memory controller.

TO-T1 AHB transaction processing.

T1-T4 Arbitration of AHB memory ports.

T4-T5 Static memory address, chip select, and control signals submitted to
static memory.

T5-T6 Read data returned from static memory. Data is provided to the AHB.
AHB write address provided to memory controller.

T6-T7 Turn around cycle 1.

T7-T8 Turn around cycle 2.

T8-T9 Static memory transfer address, chip select, and control signals

submitted to static memory.
Write enable inactive.

T9-T10 Memory controller processing.

T10-T11 Write enable taken active.
Write data submitted to static memory.

T11-T12 Static memory writes the data.
Write enable taken inactive.

Table 113: Read followed by a write (all 0 wait state) with two turnaround cycles
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Byte lane control

The memory controller generates the byte lane control signals BLSOUT[3:0]_n according
to these attributes:

m  Little or big endian operation

= AMBA transfer width, indicated by HSIZE[2:0]

m  External memory bank databus width, defined within each control register
m  The decoded HADDR[1:0] value for write accesses only

Word transfers are the largest size transfers supported by the memory controller. Any
access tried with a size greater that a word causes an error response. Each memory
chip select can be 8, 16, or 32 bits wide. The memory type used determines how the
WEOUT_n and BLSOUT_n signals are connected to provide byte, halfword, and word
access.

For read accesses, you must control the BLSOUT n signals by driving them all high or
all low. Do this by programming the byte lane state (PB) bit in the Static
Configuration [3:0] register. See "Address connectivity" on page 229 for additional
information, with respect to WEoUT_n and BLSOUT[3:0]_n, for different memory
configurations.

Address connectivity

The static memory address output signal ADDROUT[27:0] is always right-justified.

Memory banks constructed from 8-bit or non-byte-partitioned memory devices
For memory banks constructed from 8-bit or non-byte-partitioned memory devices, it
is important that the byte lane state (PB) bit is cleared to 0 within the respective
memory bank control register. This forces all BLsSOUT[3:0]_n lines high during a read
access, as the byte lane selects are connected to the device write enables.
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A[20:0]
CE_n
OE_n
WE_n
10[7:0]

ADDROUT[20:0]
STCSOUT_n
OEOUT_n
L A[20:0] L—{ A[20:0] L A[20:0]
CE_n CE_n CE_n
OE_n OE_n OE_n
BLSOUT[3]_.n —{ WE_n BLSOUT[2].n — WE_n BLSOUT[1]_.n — WE_n BLSOUT[0]_n —
DATA[31:24] —] 10[7:0] DATA[23:16] —| 10[7:0] DATA[15:8] — 10[7:0] DATA[7:0] —
32-bit bank consisting of four 8-bit devices
ADDROUT[20:0]
STCSOUT_n
OEOUT n
L A[20:0] A[20:0] ADDROUT[20:0]_n —— A[20:0]
CE.n CE.n STCSOUT_n —{ CE_n
OE_n OE_ n OEOUT n — OE_n
BLSOUT[1]_n —{ WE_n BLSOUT[0]_h —{ WE_n BLSOUT[0]_h — WE_n
DATA[15:8] — 10[7:0] DATA[7:0] —{ 10[7:0] DATA[7:0] —| 10[7:0]

16-bit bank consisting of two 8-bit devices

8-bit bank consisting of one 8-bit device

Figure 56: Memory banks constructed from 8-bit memory

Figure 56 shows 8-bit memory configuring memory banks that are 8-, 16-, and 32-bits
wide. In each of these configurations, the BLSOUT[3:0]_n signals are connected to write
enable (WE_n) inputs of each 8-bit memory. The weouT signal from the memory

controller is not used.

m  For write transfers, the appropriate BLSOUT[3:0]_n byte lane signals are

asserted low, and direct the data to the addressed bytes.

m  For read transfers, all BLSOUT[3:0]_n signals are deasserted high, enabling the
external bus to be defined for at least the width of the accessed memory.

Memory banks constructed from 16-or 32-bit memory devices

For memory banks constructed from 16- or 32-bit memory devices, it is important
that the byte lane select (PB) bit is set to 1 within the respective memory bank

230 NS9360 Hardware Reference



Memory Controller

control register. This asserts all BLSOUT[3:0]_n lines low during a read access as,
during a read, all device bytes must be selected to avoid undriven byte lanes on the
read data value. With 16- and 32-bit wide memory devices, byte select signals exist
and must be appropriately controlled; see Figure 57, "Memory banks constructed
from 16-bit memory," on page 231 and Figure 58, "Memory banks constructed from 32-
bit memory," on page 231.

ADDROUT[20:0]
STCSOUT_n
OEOUT_n
WEOUT_n
L A[20:0] A[20:0] ADDROUT[20:0] ——| A[20:0]
CE_n CE_n STCSOUT_n —— CE_n
OE_n OE_n OEOUT_n — OE_n
WE_n WE_n WEOUT_n —— WE_n
BLSOUT[3]_n —— UB_n BLSOUT[1]_n —{ UB_n BLSOUT[1]_n —— UB_n
BLSOUT[2]_n — LB_n BLSOUT[0]_n —— LB_n BLSOUT[0]_n —— LB_n
DATA[31:16] — 10[15:0] DATA[15:0] —{ 10[15:0] DATA[15:0] — 10[15:0]
32-bit bank consisting of two 16-bit devices 16-bit bank consisting of one 16-bit device

Figure 57: Memory banks constructed from 16-bit memory

ADDROUT[20:0] —{ A[20:0]
STCSOUT_n —] CE_n
OEOUT n — OE_n
WEOUT_n —{ WE n
BLSOUT[3]_.n — B[3]_n
BLSOUT[2]_.n — B[2]_n
BLSOUT[1]_.n — B[1]_n
BLSOUT[0]_n — B[0]_n
DATA[31:0] — 10[31:0]

32-bit bank consisting of one 32-bit device

Figure 58: Memory banks constructed from 32-bit memory
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The next figure shows connections for a typical memory system with different data
width memory devices.

232 NS9360 Hardware Reference



Memory Controller

ADDROUT[20:0] DATAOUTI[31:0] DATA
ADDROUT[20:0] A[20:0]  Q[31:0] oUT[31:0]
STCSOUT[0]_n CE_n
OEOUT_n OE_n

2Mx32 burst mask ROM

ADDROUT[15:0] DATAOUT[31:16]
Al15:0]  10[15:0]

STCSOUT[1]_n CE_n
OE_n
WEOUT_n WE_n
UB_n

LB_n

ADDROUT[15:0] DATAOUTI[15:0]
A[15:0]  10[15:0]

CE_n
OE_n

WE_n

UB_n

LB n
64Kx16 SRAM, two off

ADDROUT[16:0]

DATAOUT[31:24]

A[16:0] 10[7:0]
STCSOUT[2]_n CE_n
OE_n
BLSOUT[3]_n WE_n

ADDROUT[16:0] DATAOUT[23:16]
Al16:0] 10[7:0]

CE_n
OE_n
BLSOUT[2]_n WE_n

ADDROUT[16:0] DATAOUTI[15:8]
Al16:0] 10[7:0]

CE_n
OE_n
BLSOUT[1]_n WE_n

ADDROUT[16:0] DATAOUTI[7:0]
Al16:0] 10[7:0]

CE_n
OE_n
BLSOUT[O0]_n WE_n

128Kx8 SRAM, four off

Figure 59: Typical memory connection diagram (1)
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Byte lane control and databus steering

For little and big endian configurations, address right-justified

The tables in this section show the relationship of signals HSIZE[2:0], HADDR[1:0],
ADDROUTI[1:0], and BLSOUT[3:0] and mapping of data between the AHB system databus
and the external memory databus. This mapping applies to both the static and
dynamic memory controllers.

Access: Read, little endian, 8-bit external External data mapping on to system

bus databus
Internal
transfer
width HRDATA to DATA
HSIZE HADDR ADDROUT BLSOU
[2:0] [1:0] [1:0] T [0] [31:24]  23:16] [15:8] [7:0]
Word (4 010 - 11 0 [7:0] - - -
transfers) 10 0 . [7:0] } }
01 0 - - [7:0] -
00 0 - - - [7:0]
Halfword (2 001 1- 11 0 [7:0] - - -
transfers) 10 0 ) [7:0] . 3
Halfword (2 001 0- 01 0 - - [7:0] -
transfers) 00 0 . - . [7:0]
Byte 000 11 11 0 [7:0] - - -
Byte 000 10 10 0 - [7:0] - -
Byte 000 01 01 0 - - [7:0] -
Byte 000 00 00 0 - - - [7:0]

Table 114: Little endian read, 8-bit external bus
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Memory Controller

External data mapping on to system

external bus databus
Internal
transfer
width HRDATA to DATA

HSIZE HADDR ADDROUT BLSOU

[2:0] [1:0] [0] T [1:0] [31:24] 23:16] [15:8] [7:0]
Word (2 010 - 1 00 [15:8] [7:0] - -
transfers 0 00 - - [15:8] [7:0]
Halfword 001 1- 1 00 [15:8] [7:0] - -
Halfword 001 0- 0 00 - - [15:8] [7:0]
Byte 000 11 1 01 [15:8] - - -
Byte 000 10 1 10 - [7:0] - -
Byte 000 01 0 01 - - [15:8] -
Byte 000 00 0 10 - - - [7:0]

Table 115: Little endian read, 16-bit external bus

Access: Read, little endian, 32-bit
external bus

External data mapping on to system
databus

Internal
transfer
width HRDATA to DATA

HSIZE HADDR BLSOUT

[2:0] [1:0] [3:0] [31:24] [23:16] [15:8] [7:0]
Word 010 -- 0000 [31:24] [23:16] [15:8] [7:0]
Halfword 001 1- 0011 [31:24] [23:16] - -
Halfword (2 001 0- 1100 - - [15:8] [7:0]
transfers)
Byte 000 11 0111 [31:24] - - -

Table 116: Little endian read, 32-bit external bus
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Access: Read, little endian, 32-bit

External data mapping on to system

external bus databus
Internal
transfer
width HRDATA to DATA

HSIZE HADDR BLSOUT

[2:0] [1:0] [3:0] [31:24] [23:16] [15:8] [7:0]
Byte 000 10 1011 - [23:16] - -
Byte 000 01 1101 - - [15:8] -
Byte 000 00 1110 - - - [7:0]

Table 116: Little endian read, 32-bit external bus

Access: Write, little endian, 8-bit

System data mapping on to external

external bus databus
Internal
transfer
width DATA to HRDATA
HSIZE HADD ADDROUT BLSOU
[2:0] R [1:0] [1:0] T [0] [31:24] [23:16] [15:8] [7:0]
Word (4 010 - 11 0 - - - [31:24]
transfers 10 0 - - - [23:16]
01 0 - - - [15:8]
00 0 - - - [7:0]
Halfword 2 001 1- 11 0 - - - [31:24]
transfers) 10 0 - - - [23:16]
Halfword 2 001 0- 01 0 - - - [15:8]
transfers) 00 0 - - - [7:0]
Byte 000 11 11 0 - - - [31:24]
Byte 000 10 10 0 - - - [23:16]
Byte 000 01 01 0 - - - [15:8]
Byte 000 00 00 0 - - - [7:0]

Table 117: Little endian write, 8-bit external bus
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Access: Write, little endian, 16-bit

Memory Controller

System data mapping on to external

external bus databus
Internal
transfer
width DATA to HRDATA

HSIZE HADD ADDROUT BLSOU

[2:0] R[1:0] [0] T [1:0] [31:24] [23:16] [15:8] [7:0]
Word (2 010 - 1 00 - - [31:24] [23:16]
transfers 0 00 - - [15:8] [7:0]
Halfword 001 1- 1 00 - - [31:24] [23:16]
Halfword 001 0- 0 00 - - [15:8] [7:0]
Byte 000 11 1 01 - - [31:24] -
Byte 000 10 1 10 - - - [23:16]
Byte 000 01 0 01 - - [15:8] -
Byte 000 00 0 10 - - - [7:0]

Table 118: Little endian write, 16-bit external bus

Access: Write, little endian, 32-bit

external bus

System data mapping on to external
databus

Internal
transfer
width DATA to HRDATA

HSIZE HADDR BLSOUT

[2:0] [1:0] [3:0] [31:24] [23:16] [15:8] [7:0]
Word 010 -- 0000 [31:24] [23:16] [15:8] [7:0]
Halfword 001 1- 0011 [31:24] [23:16] - -
Halfword 001 0- 1100 - - [15:8] [7:0]
Byte 000 11 0111 [31:24] - - -
Byte 000 10 1011 - [23:16] - -

Table 119: Little endian write, 32-bit external bus
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Access: Write, little endian, 32-bit

System data mapping on to external

external bus databus
Internal
transfer
width DATA to HRDATA

HSIZE HADDR BLSOUT

[2:0] [1:0] [3:0] [31:24] [23:16] [15:8] [7:0]
Byte 000 01 1101 - - [15:8] -
Byte 000 00 1110 - - - [7:0]

Table 119: Little endian write, 32-bit external bus

Access: Read, big endian, 8-bit external

External data mapping on to system

bus databus
Internal
transfer
width HRDATA to DATA
HSIZE HADDR ADDROUT BLSOU
[2:0] [1:0] [1:0] T [0] [31:24] 23:16] [15:8] [7:0]
Word (4 010 - 11 0 - - - [7:0]
transfers 10 0 - - [7:0] -
01 0 - [7:0] - -
00 0 [7:0] - -
Halfword (2 001 1- 11 0 - - - [7:0]
transfers) 10 0 - - [7:0] -
Halfword (2 001 0- 01 0 - [7:0] - -
transfers) 00 0 [7:0] - - -
Byte 000 11 11 0 - - - [7:0]
Byte 000 10 10 0 - - [7:0] -
Byte 000 01 01 0 - [7:0] - -
Byte 000 00 00 0 [7:0] - - -

Table 120: Big endian read, 8-bit external bus

238
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Access: Read, big endian, 16-bit external

Memory Controller

External data mapping on

to system

bus databus
Internal
transfer
width HRDATA to DATA
HSIZE HADDR ADDROUT BLSOU
[2:0] [1:0] [0] T [1:0] [31:24] 23:16] [15:8] [7:0]
Word (2 010 - 1 00 - - [15:8] [7:0]
transfers 0 00 [15:8] [7:0] - -
Halfword 001 1- 1 00 - - [15:8] [7:0]
Halfword 001 0- 0 00 [15:8] [7:0] - -
Byte 000 11 1 10 - - - [7:0]
Byte 000 10 1 01 - - [15:8] -
Byte 000 01 0 10 - [7:0] - -
Byte 000 00 0 01 [15:8] - - -
Table 121: Big endian read, 16-bit external bus
Access: Read, big endian, 32-bit External data mapping on to system
external bus databus
Internal
transfer
width HRDATA to DATA
HSIZE HADDR BLSOUT
[2:0] [1:0] [3:0] [31:24] [23:16] [15:8] [7:0]
Word 010 - 0000 [31:24] [23:16] [15:8] [7:0]
Halfword 001 1- 1100 - - [15:8] [7:0]
Halfword (2 001 0- 0011 [31:24] [23:16] - -
transfers)
Byte 000 11 1110 - - - [7:0]
Table 122: Big endian read, 32-bit external bus
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Access: Read, big endian, 32-bit

External data mapping on to system

external bus databus
Internal
transfer
width HRDATA to DATA

HSIZE HADDR BLSOUT

[2:0] [1:0] [3:0] [31:24] [23:16] [15:8] [7:0]
Byte 000 10 1101 - - [15:8] -
Byte 000 01 1011 - [23:16] - -
Byte 000 00 0111 [31:24] - - -

Table 122: Big endian read, 32-bit external bus

Access: Write, big endian, 8-bit external

System data mapping on to external

bus databus
Internal
transfer
width DATA to HRDATA
HSIZE HADD ADDROUT BLSOU
[2:0] R [1:0] [1:0] T [0] [31:24] [23:16] [15:8] [7:0]
Word (4 010 - 11 0 - - - [7:0]
transfers 10 0 - - - [15:8]
01 0 - - - [23:16]
00 0 - - - [31:24]
Halfword 2 001 1- 11 0 - - - [7:0]
transfers) 10 0 R R R [15:8]
Halfword 2 001 0- 01 0 - - - [23:16]
transfers) 00 0 _ _ _ [31:24]
Byte 000 11 11 0 - - - [7:0]
Byte 000 10 10 0 - - - [15:8]
Byte 000 01 01 0 - - - [23:16]
Byte 000 00 00 0 - - - [31:24]

Table 123: Big endian write, 8-bit external bus
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Access: Write, big endian, 16-bit

Memory Controller

System data mapping on to external

external bus databus
Internal
transfer
width DATA to HRDATA
HSIZE HADD ADDROUT BLSOU
[2:0] R [1:0] [0] T [1:0] [31:24] [23:16] [15:8] [7:0]
Word (2 010 - 1 00 - - [15:8][3 [7:0]
transfers 0 00 - - 1:24] [23:16]
Halfword 001 1- 1 00 - - [15:8]  [7:0]
Halfword 001 0- 0 00 - - [31:24] [23:16]
Byte 000 11 1 10 - - - [7:0]
Byte 000 10 1 01 - - [15:8] -
Byte 000 01 0 10 - - - [23:16]
Byte 000 00 0 01 - - [31:24] -
Table 124: Big endian write, 16-bit external bus
Access: Write, big endian, 32-bit  System data mapping on to external
external bus databus
Internal
transfer
width DATA
HSIZE HADDR BLSOUT
[2:0] [1:0] [3:0] [31:24] [23:16] [15:8] [7:0]
Word 010 - 0000 [31:24] [23:16] [15:8] [7:0]
Halfword 001 1- 1100 - - [15:8] [7:0]
Halfword 001 0- 0011 [31:24] [23:16] - -
Byte 000 11 1110 - - - [7:0]
Byte 000 10 1101 - - [15:8] -

Table 125: Big endian write, 32-bit external bus
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Access: Write, big endian, 32-bit  System data mapping on to external

external bus databus
Internal
transfer
width DATA

HSIZE HADDR BLSOUT

[2:0] [1:0] [3:0] [31:24] [23:16] [15:8] [7:0]
Byte 000 01 1011 - [23:16] - -
Byte 000 00 0111 [31:24] - - -

Table 125: Big endian write, 32-bit external bus

Dynamic memory controller

Write protection

Each dynamic memory chip select can be configured for write-protection by setting
the appropriate bit in the write protect (P) field on the Dynamic Memory
Configuration register. If a write access is performed to a write-protected memory
bank, an ERROR response is generated on the HRESP[1:0] signal.

Access sequencing and memory width

242

The data width of each chip select must be configured by programming the
appropriate Dynamic Memory Configuration register. When the chip select data bus
width is narrower than the transfer initiated from the current AMBA bus master, the
internal bus transfer takes several external bus transfers to complete. If chip select 4
is configured as 16-bit wide memory, for example, and a 32-bit read is initiated, the
AHB bus stalls while the memory controller reads two consecutive words from
memory. During these accesses, the memory controller block demultiplexes the two
16-bit words into one 32-bit word and places the result onto the AHB bus.

Word transfers are the widest transfers supported by the memory controller. Any
access tried with a size larger than a word generates an error response.
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Memory Controller

Address mapping

This section provides tables that show how AHB address bus addresses map to the
external dynamic memory address ADDROUT[14:0] for different memory configurations
and bus widths. The address mapping is selected by programming the address
mapping bits in the Dynamic Memory Configuration registers.

The information provided includes:

Memory controller output address (ADDROUT). Indicates the address lines
output from the memory controller.

Memory device connections. Indicate the device signals that must be
connected to the memory controller Addrout lines.

AHB addresses to row address. Indicates the input HADDR address bits used
from the AHB transfer for the row access.

AHB address to column address. Indicates the input HADDR address bits
used from the AHB transfer for the column access.

Notes:

For all tables in this section:

** indicates that the bit is controlled by the SDRAM controller. The SDRAM
controller always transfers 32-bits of data at a time. For chip selects with a
16-bit wide databus, the SDRAM controller performs two transfers: a column
transfer with the lowest bit set to 0 and a column transfer with the lowest
bit set to 1.

—  BA, BA0, and BA1 indicate the bank address signals. Ap indicates the auto
precharge signal (usually, address bit 10).

Separate tables are provided for two different address mapping schemes:

row, bank, column (RBC) or bank, row, column (BRC), and for 32-bit and 16-

bit wide buses:

—  32-bit wide databus address mappings, SDRAM (RBC). These address
mappings are used for 32-bit data bus chip select with SDR-SDRAM memory
devices. The row-bank-column address mapping scheme allows memory
accesses to be performed efficiently to nearby memory regions.

—  32-bit wide databus address mappings (BRC). These address mappings are
used for 32-bit data bus chip select with SDR-SDRAM or low power SDR-
SDRAM. The bank-row-column address mapping scheme allows the low-
power SDR-SDRAM memory features to be used efficiently.
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—  16-bit wide databus address mappings, SDRAM (RBC). These address
mappings are used for 16-bit data bus chip select with SDR-SDRAM memory
devices. The row-bank-column address mapping scheme allows memory
accesses to be performed efficiently to nearby memory regions.

— 16-bit wide databus address mappings (BRC). These address mappings are
used for 16-bit data bus chip select with SDR-SDRAM and low-power SDR-
SDRAM. The bank-row-column address mapping scheme allows the low-
power SDR-SDRAM memory features to be used efficiently.

32-bit wide databus address mappings, SDRAM (RBC)

These tables show 32-bit wide databus address mappings for several SDRAM (RBC)
devices.

Table 126 shows the outputs from the memory controller and the corresponding
inputs to the 16M SDRAM (1Mx16, pin 13 used as bank select).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14

13 BA 10 10

12

11

10 10/AP 21 AP

9 9 20

8 8 19

7 7 18 9

6 6 17 8

5 5 16 7

4 4 15 6

3 3 14 5

2 2 13 4

1 1 12 3

Table 126: Address mapping for 16M SDRAM (1Mx16, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
0 0 11 2

Table 126: Address mapping for 16M SDRAM (1Mx16, RBC)

Table 127 shows the outputs from the memory controller and the corresponding
inputs to the 16M SDRAM (2Mx8, pin 14 used as bank select).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA 11 11

13 - - -

12 - - -

11 - - -

10 10/AP 22 AP

9 9 21 -

8 8 20 10

7 7 19 9

6 6 18 8

5 5 17 7

4 4 16 6

3 3 15 5

2 2 14 4

1 1 13 3

0 0 12 2

Table 127: Address mapping for 16M SDRAM (2Mx8, RBC)

Table 128 shows the outputs from the memory controller and the corresponding
inputs to the 64M SDRAM (2Mx32, pins 13 and 14 used as bank selects).
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Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BA1l 11 11
13 BAO 10 10
12 - - -
11 - - -
10 10/AP 22 AP
9 9 21 -

8 8 20

7 7 19 9

6 6 18 8

5 5 17 7

4 4 16 6

3 3 15 5

2 2 14 4

1 1 13 3

0 0 12 2

Table 128: Address mapping for 64M SDRAM (2Mx32, RBC)

Table 129 shows the outputs from the memory controller and the corresponding
inputs to the 64M SDRAM (4Mx16, pins 13 and 14 used as bank selects).

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BA1l 11 11

13 BAO 10 10

12 - - -

11 11 23 -

10 10/AP 22 AP

Table 129: Address mapping for 64M SDRAM (4Mx16, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
9 9 21 -

8 8 20

7 7 199 9

6 6 18 8

5 5 17 7

4 4 16 6

3 3 15 5

2 2 14 4

1 1 13 3

0 0 12 2

Table 129: Address mapping for 64M SDRAM (4Mx16, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 64 M SDRAM (8Mx8, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 11 11

13 BAO 12 12

12 - - -

11 11 24 -

10 10/AP 23 AP

9 9 22 -

8 8 21 10

7 7 20 9

6 6 19 8

5 5 18 7

Table 130: Address mapping for 64M SDRAM (8Mx8, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
4 4 17 6
3 3 16 5
2 2 15 4
1 1 14 3
0 0 13 2

Table 130: Address mapping for 64M SDRAM (8Mx8, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 128M SDRAM (4Mx32, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 11 11

13 BAO 10 10

12 - - -

11 11 23 -

10 10/AP 22 AP

9 9 21 -

8 8 20

7 7 19 9

6 6 18 8

5 5 17 7

4 4 16 6

3 3 15 5

2 2 14 4

1 1 13 3

0 0 12 2

Table 131: Address mapping for 128M SDRAM (4Mx32, RBC)
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The next table shows the outputs from the memory controller and the corresponding
inputs to the 64M SDRAM (8Mx16, pins 13 and 14 used as bank selects).

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BA1l 11 11
13 BAO 12 12
12 - - -
11 11 24 -
10 10/AP 23 AP
9 22 -

8 8 21 10
7 7 20 9

6 6 19 8

5 5 18 7

4 4 17 6

3 3 16 5

2 2 15 4

1 1 14 3

0 0 13 2

Table 132: Address mapping for 128 SDRAM (8Mx16, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 128M SDRAM (16Mx8, pins 13 and 14 used as bank selects).

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BAl 13 13

13 BAO 12 12

12 12 - -

Table 133: Address mapping for 128 SDRAM (16Mx8, RBC)

www.digiembedded.com 249


http://www.digiembedded.com

Dynamic memory controller

250

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
11 11 25 -
10 10/AP 24 AP
9 9 23 11
8 8 22 10
7 7 21 9

6 6 20 8

5 5 19 7

4 4 18 6

3 3 17 5

2 2 16 4

1 1 15 3

0 0 14 2

Table 133: Address mapping for 128 SDRAM (16Mx8, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 256M SDRAM (8Mx32, pins 13 and 14 used as bank selects).

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BA1l 11 11

13 BAO 10 10

12 12 24 -

11 11 23 -

10 10/AP 22 AP

9 9 21 -

8 8 20 -

7 7 19 9

Table 134: Address mapping for 256 SDRAM (8Mx32, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address

6 18

17

16

14

13

6 8
5 7
4 6
3 15 5
2 4
1 3
0 2

O| P | N| W| | O

12

Table 134: Address mapping for 256 SDRAM (8Mx32, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 256M SDRAM (16Mx16, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 11 11

13 BAO 12 12

12 12 25 -

11 11 24 -

10 10/AP 23 AP

9 9 22 -

8 8 21 10

7 7 20 9

6 6 19 8

5 5 18 7

4 4 17 6

3 3 16 5

2 2 15 4

Table 135: Address mapping for 256M SDRAM (16Mx16, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
1 1 14 3
0 0 13 2

Table 135: Address mapping for 256M SDRAM (16Mx16, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 256M SDRAM (32Mx8, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 13 13

13 BAO 12 12

12 12 26 -

11 11 25 -

10 10/AP 24 AP

9 9 23 11

8 8 22 10

7 7 21 9

6 6 20 8

5 5 19 7

4 4 18 6

3 3 17 5

2 2 16 4

1 1 15 3

0 0 14 2

Table 136: Address mapping for 256M SDRAM (32Mx8, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 512M SDRAM (32Mx16, pins 13 and 14 used as bank selects).
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Output address
(ADDROUT)

14

Memory device
connections

BAl

AHB address to row
address

13

Memory Controller

AHB address to
column address

13

13

BAO

12

12

12

12

26

11

11

25

=
o

10/AP

24

>
o

23

[y
[N

22

=
o

21

20

19

18

17

16

15

O| P | N| W| |l O] | N| 0| ©

O| P | N| W| |l O] | N| | ©

14

N| W| |l O] O N| O ©

Table 137: Address mapping for 512M SDRAM (32Mx16, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 512M SDRAM (64Mx8, pins 13 and 14 used as bank selects).

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BAl 13 13

13 BAO 14 14

12 12 27 -

11 11 26 12

10 10/AP 25 AP

Table 138: Address mapping for 512M SDRAM (64Mx8, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
9 9 24 11

8 8 23 10

7 7 22 9

6 6 21 8

5 5 20 7

4 4 19 6

3 3 18 5

2 2 17 4

1 1 16 3

0 0 15 2

Table 138: Address mapping for 512M SDRAM (64Mx8, RBC)

32-bit wide databus address mappings (BRC)
The next tables show 32-bit wide databus address mappings for several SDRAM (BRC)
devices.

The next table shows the outputs from the memory controller and the corresponding
inputs to the 16M SDRAM (1x16, pin 14 used as bank select).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA 21 21

13 - - -

12 - - -

11 - - -

10 10/AP 20 AP

9 9 19 -

8 8 18 -

Table 139: Address mapping for 16M SDRAM (1Mx16, BRC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address

7 17

16

15

14

13

12

11

O| P | N| W| |l O] O N
N| W] |l O] O N| | ©

6
5
4
3
2
1
0

10

Table 139: Address mapping for 16M SDRAM (1Mx16, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 16M SDRAM (2Mx8, pin 13 used as bank select).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 - - -

13 BA 22 22

12 - - -

11 - - -

10 10/AP 21 AP

9 9 20 -

8 8 19 10

7 7 18 9

6 6 17 8

5 5 16 7

4 4 15 6

3 3 14 5

Table 140: Address mapping for 16M SDRAM (2Mx8, BRC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
2 2 13 4
1 1 12 3
0 0 11 2

Table 140: Address mapping for 16M SDRAM (2Mx8, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 64M SDRAM (2Mx32, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 21 21

13 BAO 22 22

12 - - -

11 - - -

10 10/AP 20 AP

9 9 19 -

8 8 18

7 7 17 9

6 6 16 8

5 5 15 7

4 4 14 6

3 3 13 5

2 2 12 4

1 1 11 3

0 0 10 2

Table 141: Address mapping for 64M SDRAM (2Mx32, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 64M SDRAM (4Mx16, pins 13 and 14 used as bank selects).
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Output address

Memory device

Memory Controller

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BA1l 23 23
13 BAO 22 22
12 - - -
11 11 21 -
10 10/AP 20 AP
9 9 19 -

8 8 18

7 7 17 9

6 6 16 8

5 5 15 7

4 4 14 6

3 3 13 5

2 2 12 4

1 1 11 3

0 0 10 2

Table 142: Address mapping for 64M SDRAM (4Mx16, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 64M SDRAM (8Mx8, pins 13 and 14 used as bank selects).

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BAl 23 23

13 BAO 24 24

12 - - -

11 11 22 -

10 10/AP 21 AP

Table 143: Address mapping for 64M SDRAM (8Mx8, BRC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
9 9 20 -

8 8 19 10

7 7 18 9

6 6 17 8

5 5 16 7

4 4 15 6

3 3 14 5

2 2 13 4

1 1 12 3

0 0 11 2

Table 143: Address mapping for 64M SDRAM (8Mx8, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 128M SDSRAM (4Mx32, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 23 23

13 BAO 22 22

12 - - -

11 11 21 -

10 10/AP 20 AP

9 9 19 -

8 8 18 -

7 7 17 9

6 6 16 8

5 5 15 7

Table 144: Address mapping for 128M SDRAM (4Mx32, BRC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
4 4 14 6
3 3 13 5
2 2 12 4
1 1 11 3
0 0 10 2

Table 144: Address mapping for 128M SDRAM (4Mx32, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 128M SDRAM (8Mx16, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 23 23

13 BAO 24 24

12 - - -

11 11 22 -

10 10/AP 21 AP

9 9 20 -

8 8 19 10

7 7 18 9

6 6 17 8

5 5 16 7

4 4 15 6

3 3 14 5

2 2 13 4

1 1 12 3

0 0 11 2

Table 145: Address mapping for 128M SDRAM (8Mx16, BRC)
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The next table shows the outputs from the memory controller and the corresponding
inputs to the 128M SDRAM (16Mx8, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 25 25

13 BAO 24 24

12 12 - -

11 11 23 -

10 10/AP 22 AP

9 9 21 11

8 8 20 10

7 7 19 9

6 6 18 8

5 5 17 7

4 4 16 6

3 3 15 5

2 2 14 4

1 1 13 3

0 0 12 2

Table 146: Address mapping for 128M SDRAM (16Mx8, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 256M SDRAM (8Mx32, pins 13 and 14 used as bank selects.

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 23 23

13 BAO 24 24

12 12 22 -

Table 147: Address mapping for 256M SDRAM (8Mx32, BRC)

260 NS9360 Hardware Reference



Memory Controller

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
11 11 21 -

10 10/AP 20 AP

9 9 19 -

8 8 18

7 7 17 9

6 6 16 8

5 5 15 7

4 4 14 6

3 3 13 5

2 2 12 4

1 1 11 3

0 0 10 2

Table 147: Address mapping for 256M SDRAM (8Mx32, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 256M SDRAM (16Mx16, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 25 25

13 BAO 24 24

12 12 23 -

11 11 22 -

10 10/AP 21 AP

9 9 20 -

8 8 19 10

7 7 18 9

Table 148: Address mapping for 256M SDRAM (16Mx16, BRC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
6 6 17 8
5 5 16 7
4 4 15 6
3 3 14 5
2 2 13 4
1 1 12 3
0 0 11 2

Table 148: Address mapping for 256M SDRAM (16Mx16, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 256M SDRAM (32Mx8, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 25 25

13 BAO 26 26

12 12 24 -

11 11 23 -

10 10/AP 22 AP

9 9 21 11

8 8 20 10

7 7 19 9

6 6 18 8

5 5 17 7

4 4 16 6

3 3 15 5

2 2 14 4

Table 149: Address mapping for 256M SDRAM (32Mx8, BRC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
1 1 13 3
0 0 12 2

Table 149: Address mapping for 256M SDRAM (32Mx8, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 512M SDRAM (32Mx16, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 25 25

13 BAO 26 26

12 12 24 -

11 11 23 -

10 10/AP 22 AP

9 9 21 11

8 8 20 10

7 7 19 9

6 6 18 8

5 5 17 7

4 4 16 6

3 3 15 5

2 2 14 4

1 1 13 3

0 0 12 2

Table 150: Address mapping for 512M SDRAM (32Mx16, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 512M SDRAM (64Mx8, pins 13 and 14 used as bank selects).
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 27 27

13 BAO 26 26

12 12 25 -

11 11 24 12

10 10/AP 23 AP

9 9 22 11

8 8 21 10

7 7 20 9

6 6 19 8

5 5 18 7

4 4 17 6

3 3 16 5

2 2 15 4

1 1 14 3

0 0 13 2

Table 151: Address mapping for 512M SDRAM (64x8, BRC)

16-bit wide databus address mappings, SDRAM (RBC)
The following tables show 16-bit wide databus address mappings for SDRAM (RBC)
devices.

The next table shows the outputs from the memory controller and the corresponding
inputs to the 16M SDRAM (1Mx16, pin 14 used as bank select).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA 9 9
13 - - -

Table 152: Address mapping for 16M SDRAM (1Mx16, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
12 - - -

11 - - -

10 10/AP 20 AP

9 9 19 -

8 8 18

7 7 17 8

6 6 16 7

5 5 15 6

4 4 14 5

3 3 13 4

2 2 12 3

0 0 10 **

Table 152: Address mapping for 16M SDRAM (1Mx16, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 16M SDRAM (2Mx8, pin 13 used as bank select).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA - -

13 - 10 10

12 - - -

11 - - -

10 10/AP 11 AP

9 9 21 -

8 8 20 9

Table 153: Address mapping for 16M SDRAM (2Mx8, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
7 7 19 8

6 6 18 7

5 5 17 6

4 4 16 5

3 3 15 4

2 2 14 3

1 1 13 2

0 0 12 **

Table 153: Address mapping for 16M SDRAM (2Mx8, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 64M SDRAM (4Mx16, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 9 9

13 BAO 10 10

12 - - -

11 11 22 -

10 10/AP 21 AP

9 9 20 -

8 8 19 -

7 7 18 8

6 6 17 7

5 5 16 6

4 4 15 5

3 3 14 4

Table 154: Address mapping for 64M SDRAM (4Mx16, RBC)
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Output address

Memory device

AHB address to row

Memory Controller

AHB address to

ADDROUT connections address column address
ti dd | dd

2 2 13 3

1 1 12 2

0 0 11 **

Table 154: Address mapping for 64M SDRAM (4Mx16, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 64M SDRAM (8Mx8, pins 13 and 14 used as bank selects).

Output address
(ADDROUT)

14

Memory device
connections

BAl

AHB address to row
address

11

AHB address to
column address

11

13

BAO

10

10

12

11

11

23

=
o

10/AP

22

AP

21

20

19

18

17

16

15

14

13

N W] | | O] N| O] ©

Ol R, | NI W| PRl OO N| | ©

Ol R, | Nl W| PRl OOl N| 0| ©

12

X
*

Table 155: Address mapping for 64M SDRAM (8Mx8, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs tot he 128M SDRAM (8Mx16, pins 13 and 14 used as bank selects).
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 11 11

13 BAO 10 10

12 - - -

11 11 23 -

10 10/AP 22 AP

9 9 21

8 8 20 9

7 7 19 8

6 6 18 7

5 5 17 6

4 4 16 5

3 3 15 4

2 2 14 3

1 1 13 2

0 0 12 **

Table 156: Address mapping for 128M SDRAM (8Mx16, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 128M SDRAM (16Mx8, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 11 11

13 BAO 12 12

12 - - -

11 11 24 -

10 10/AP 23 AP

Table 157: Address mapping for 128M SDRAM (16Mx8, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
9 9 22 10

8 8 21 9

7 7 20 8

6 6 19 7

5 5 18 6

4 4 17 5

3 3 16 4

2 2 15 3

1 1 14 2

0 0 13 **

Table 157: Address mapping for 128M SDRAM (16Mx8, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 256M SDRAM (16Mx16, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 11 11

13 BAO 10 10

12 12 24 -

11 11 23 -

10 10/AP 22 AP

9 9 21

8 8 20 9

7 7 19 8

6 6 18 7

5 5 17 6

Table 158: Address mapping for 256M SDRAM (16Mx16, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
4 4 16 5

3 3 15 4

2 2 14 3

1 1 13 2

0 0 12 **

Table 158: Address mapping for 256M SDRAM (16Mx16, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 256M SDRAM (32Mx8, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 11 11

13 BAO 12 12

12 12 25 -

11 11 24 -

10 10/AP 23 AP

9 9 22 10

8 8 21 9

7 7 20 8

6 6 19 7

5 5 18 6

4 4 17 5

3 3 16 4

2 2 15 3

1 1 14 2

0 0 13 **

Table 159: Address mapping for 256M SDRAM (32Mx8, RBC)
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The next table shows the outputs from the memory controller and the corresponding
inputs to the 512M SDRAM (32Mx16, pins 13 and 14 used as bank selects).

Output address
(ADDROUT)

14

Memory device
connections

BAl

AHB address to row
address

11

AHB address to
column address

11

13

BAO

12

12

12

12

25

11

11

24

=
o

10/AP

23

>
o

22

=
o

21

20

19

18

17

16

15

14

N| W| |l O] O N| O ©

O| P | N| W| |l O] | N| 0| ©

O| P | N| W| |l | | N|

13

*
*

Table 160: Address mapping for 512M SDRAM (32Mx16, RBC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 512M SDRAM (64Mx8, pins 13 and 14 used as bank selects).

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BAl 13 13

13 BAO 12 12

12 12 26 -

Table 161: Address mapping for 512M SDRAM (64Mx8, RBC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
11 11 25 11

10 10/AP 24 AP

9 9 23 10

8 8 22 9

7 7 21 8

6 6 20 7

5 5 19 6

4 4 18 5

3 3 17 4

2 2 16 3

1 1 15 2

0 0 14 Hok

Table 161: Address mapping for 512M SDRAM (64Mx8, RBC)

16-bit wide databus address mappings (BRC)
These tables show 16-bit wide databus address mappings for SDRAM (BRC) devices.

The next table shows the outputs from the memory controller and the corresponding
inputs to the 16M SDRAM (1Mx16, pin 13 used as bank select).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 - - -

13 BA 20 20

12 - - -

11 - - -

10 10/AP 19 AP

9 9 18 -

Table 162: Address mapping for 16M SDRAM (1Mx16, BRC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
8 8 17

7 7 16 8

6 6 15 7

5 5 14 6

4 4 13 5

3 3 12 4

2 2 11 3

1 1 10 2

0 0 9 **

Table 162: Address mapping for 16M SDRAM (1Mx16, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 16M SDRAM (2Mx8, pin 14 used as a bank select).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA 21 21

13 - - -

12 - - -

11 - - -

10 10/AP 20 AP

9 9 19

8 8 18 9

7 7 17 8

6 6 16 7

5 5 15 6

4 4 14 5

Table 163: Address mapping for 16M SDRAM (2Mx8, BRC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
3 3 13 4

2 2 12 3

1 1 11 2

0 0 10 **

Table 163: Address mapping for 16M SDRAM (2Mx8, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 64M SDRAM (4Mx16, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 21 21

13 BAO 22 22

12 - - -

11 11 20 -

10 10/AP 19 AP

9 9 18 -

8 8 17 -

7 7 16 8

6 6 15 7

5 5 14 6

4 4 13 5

3 3 12 4

2 2 11 3

1 1 10 2

0 0 9 **

Table 164: Address mapping for 64M SDRAM (4Mx16, BRC)
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The next table shows the outputs from the memory controller and the corresponding
inputs to the 64M SDRAM (8Mx*, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 23 23

13 BAO 22 22

12 - - -

11 11 21 -

10 10/AP 20 AP

9 19

8 8 18 9

7 7 17 8

6 6 16 7

5 5 15 6

4 4 14 5

3 3 13 4

2 2 12 3

1 1 11 2

0 0 10 **

Table 165: Address mapping for 64M SDRAM (8Mx8, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 128M SDRAM (8Mx16, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BAl 23 23
13 BAO 22 22
12 - - -
Table 166: Address mapping for 128M SDRAM (8Mx16, BRC)
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Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
11 11 21 -
10 10/AP 20 AP
9 9 19

8 8 18 9

7 7 17 8

6 6 16 7

5 5 15 6

4 4 14 5

3 3 13 4

2 2 12 3

1 1 11 2

0 0 10 w*

Table 166: Address mapping for 128M SDRAM (8Mx16, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 128 SDRAM (16Mx8, pins 13 and 14 used as bank selects).

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BA1l 23 23

13 BAO 24 24

12 - - -

11 11 22 -

10 10/AP 21 AP

9 9 20 10

8 8 19 9

7 7 18 8

Table 167: Address mapping for 128M SDRAM (16Mx8, BRC)

NS9360 Hardware Reference



Output address
(ADDROUT)

6

Memory device
connections

AHB address to row
address

17

Memory Controller

AHB address to
column address

16

15

14

13

12

7
6
5
4
3
2

O| P | N| W| | O

6
5
4
3
2
1
0

11

**

Table 167: Address mapping for 128M SDRAM (16Mx8, BRC)

The next table shows the outputs for the memory controller and the corresponding
inputs to the 256M SDRAM (16Mx16, pins 13 and 14 used as bank selects).

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BA1l 23 23
13 BAO 24 24
12 12 22 -
11 11 21 -
10 10/AP 20 AP
9 9 19

8 8 18 9

7 7 17 8

6 6 16 7

5 5 15 6

4 4 14 5

3 3 13 4

2 2 12 3

Table 168: Address mapping for 256M SDRAM (16Mx16, BRC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
1 1 11 2

0 0 10 **

Table 168: Address mapping for 256M SDRAM (16Mx16, BRC)

The next table shows the outputs for the memory controller and the corresponding
inputs to the 256M SDRAM (32Mx8, pins 13 and 14 used as bank selects).

Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
14 BA1l 25 25

13 BAO 24 24

12 12 23 -

11 11 22 -

10 10/AP 21 AP

9 9 20 10

8 8 19 9

7 7 18 8

6 6 17 7

5 5 16 6

4 4 15 5

3 3 14 4

2 2 13 3

1 1 12 2

0 0 11 wx

Table 169: Address mapping for 256M SDRAM (32Mx8, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 512M SDRAM (32Mx16, pins 13 and 14 used as bank selects).
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Output address
(ADDROUT)

14

Memory device
connections

BAl

AHB address to row
address

25

Memory Controller

AHB address to
column address

25

13

BAO

24

24

12

12

23

11

11

22

=
o

10/AP

21

>
o

20

=
o

19

18

17

16

15

14

13

12

N| W| |l O] O N| O ©

O| P | N| W| |l O] | N| 0| ©

O| P | N| W| |l O] | N| | ©

11

*
*

Table 170: Address mapping for 512M SDRAM (32Mx16, BRC)

The next table shows the outputs from the memory controller and the corresponding
inputs to the 512M SDRAM (64Mx8, pins 13 and 14 used as bank selects).

Output address

Memory device

AHB address to row

AHB address to

(ADDROUT) connections address column address
14 BAl 26 26

13 BAO 25 25

12 12 24 -

11 11 23 11

10 10/AP 22 AP

Address mapping for 512M SDRAM (64Mx8, BRC)
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Output address Memory device AHB address to row AHB address to
(ADDROUT) connections address column address
9 9 21 10

8 8 20 9

7 7 19 8

6 6 18 7

5 5 17 6

4 4 16 5

3 3 15 4

2 2 14 3

1 1 13 2

0 0 12 w*

Address mapping for 512M SDRAM (64Mx8, BRC)
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Memory Controller

The external memory is accessed using the AHB memory interface ports. Addresses
are not fixed, but are determined by the AHB decoder and can be different for any
particular system implementation. Transfers to the external memory controller
memories are selected by the HSELMPMC[3:0]CS[7:0] signals (where [3:0] indicates the
AHB port number and [7:0] indicates the chip select to be accessed.)

Register map

Table 171 lists the registers in the Memory Controller module.

All configuration registers must be accessed as 32-bit words and as single accesses

only. Bursting is not allowed.

Address Register Description

A070 0000 Control register Control register

A070 0004 Status register Status register

A070 0008 Config register Configuration register

A070 0020 DynamicControl Dynamic Memory Control register

A070 0024 DynamicRefresh Dynamic Memory Refresh Timer

A070 0028 DynamicReadConfig Dynamic Memory Read Configuration register

A070 0030 DynamictRP Dynamic Memory Precharge Command Period (tgp)

A070 0034 DynamictRAS Dynamic Memory Active to Precharge Command
Period (tras)

A070 0038 DynamictSREX Dynamic Memory Self-Refresh Exit Time (tsgrgx)

A070 003C DynamictAPR Dynamic Memory Last Data Out to Active Time
(taprr)

A070 0040 DynamictDAL Dynamic Memory Data-in to Active Command Time
(toaL o Tapw)

A070 0044 DynamictWR Dynamic Memory Write Recovery Time (twr. topL,

Table 171: Memory Controller register map

trwis troL)
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Address Register Description

AQ070 0048 DynamictRC Dynamic Memory Active to Active Command Period
(tre)

AQ70 004C DynamictRFC Dynamic Memory Auto Refresh Period, and Auto
Refresh to Active Command Period (tgec)

AQ70 0050 DynamictXSR Dynamic Memory Exit Self-Refresh to Active
Command (txsg)

A070 0054 DynamictRRD Dynamic Memory Active Bank A to Active B Time
(trrD)

A070 0058 DynamictMRD Dynamic Memory Load Mode register to Active
Command Time (tyrp)

A070 0080 StaticExtendedWait Static Memory Extended Wait

AQ070 0100 DynamicConfig0 Dynamic Memory Configuration Register 0

A070 0104 DynamicRasCas0 Dynamic Memory RAS and CAS Delay 0

A070 0120 DynamicConfigl Dynamic Memory Configuration Register 1

A070 0124 DynamicRasCasl Dynamic Memory RAS and CAS Delay 1

A070 0140 DynamicConfig2 Dynamic Memory Configuration Register 2

A070 0144 DynamicRasCas2 Dynamic Memory RAS and CAS Delay 2

A070 0160 DynamicConfig3 Dynamic Memory Configuration Register 3

A070 0164 DynamicRasCas3 Dynamic Memory RAS and CAS Delay 3

A070 0200 StaticConfig0 Static Memory Configuration Register 0

A070 0204 StaticWaitWen0 Static Memory Write Enable Delay 0

AO070 0208 StaticWaitOen0 Static Memory Output Enable Delay 0

A070 020C StaticWaitRd0 Static Memory Read Delay 0

A070 0210 StaticWaitPage0 Static Memory Page Mode Read Delay 0

A070 0214 StaticWaitwr0 Static Memory Write Delay 0

A070 0218 StaticWaitTurn0 Static Memory Turn Round Delay 0

A070 0220 StaticConfigl Static Memory Configuration Register 1

A070 0224 StaticWaitWen1l Static Memory Write Enable Delay 1

A070 0228 StaticWaitOenl Static Memory Output Enable Delay 1

Table 171: Memory Controller register map
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Address Register Description

A070 022C StaticWaitRd1 Static Memory Read Delay 1

A070 0230 StaticWaitPagel Static Memory Page Mode Read Delay 1
A070 0234 StaticWaitwrl Static Memory Write Delay 1

A070 0238 StaticWaitTurnl Static Memory Turn Round Delay 1
A070 0240 StaticConfig2 Static Memory Configuration Register 2
A070 0244 StaticWaitWen2 Static Memory Write Enable Delay 2
A070 0248 StaticWaitOen2 Static Memory Output Enable Delay 2
A070 024C StaticWaitRd2 Static Memory Read Delay 2

A070 0250 StaticWaitPage2 Static Memory Page Mode Read Delay 2
A070 0254 StaticWaitWr2 Static Memory Write Delay 2

A070 0258 StaticWaitTurn2 Static Memory Turn Round Delay 2
A070 0260 StaticConfig3 Static Memory Configuration Register 3
A070 0264 StaticWaitWen3 Static Memory Write Enable Delay 3
A070 0268 StaticWaitOen3 Static Memory Output Enable Delay 3
A070 026C StaticWaitRd3 Static memory Read Delay 3

A070 0270 StaticWaitPage3 Static Memory Page Mode Read Delay 3
A070 0274 StaticWaitWr3 Static Memory Write Delay 3

A070 0278 StaticWaitTurn3 Static Memory Turn Round Delay 3

Table 171: Memory Controller register map

Reset values

table, rather than as a separate column.

Reset values will be noted as appropriate in the Description column of each register
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Control register
Address: A070 0000

The Control register controls the memory controller operation. The control bits can
be changed during normal operation.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved LPM [ ADDM | MCEN
Register bit assignment
Bits Access Mnemonic  Description
D31:03 N/A Reserved N/A (do not modify)
D02 R/W LPM Low-power mode

Table 172: Control register

284

0 Normal mode (reset value on reset_n and HRESETn)

1  Low-power mode

Indicates normal or low-power mode. Entering low-power mode

reduces memory controller power consumption. Dynamic memory

is refreshed as necessary. The memory controller returns to normal
functional mode by clearing the low-power mode bit, by AHB, or by
power-on reset.

If you modify this bit, be sure the memory controller is in idle state.

If you modify the L bit, be aware of these conditions:

m  The external memory cannot be accessed in low-power or
disabled state. If a memory access is performed in either of
these states, an error response is generated.

m  The memory controller AHB programming port can be
accessed normally.

m  The memory controller registers can be programmed in low-
power and/or disabled state.

NS9360 Hardware Reference




Memory Controller

Bits Access  Mnemonic  Description

D01 R/W ADDM Address mirror
0  Normal memory map
1 Reset memory map. Static memory chip select 1 is mirrored

onto chip select 0 and chip select 4 (reset value on reset_n)

Indicates normal or reset memory map. On power-on reset, chip
select 1 is mirrored to both chip select 0 and chip select 1/chip select
4 memory areas. Clearing the M bit allows chip select 0 and chip
select 4 memory to be accessed.

D00 R/IW MCEN Memory controller enable

0 Disabled
1 Enabled (reset value on reset_n and HRESETn)

Disabling the memory controller reduces power consumption. When
the memory controller is disabled, the memory is not refreshed. The
memory controller is enabled by setting the enable bit, by AHB, or
by power-on reset.

If you modify this bit, be sure the memory controller is in idle state.
If you modify the E bit, be aware of these conditions:
m  The external memory cannot be accessed in low-power or

disabled state. If a memory access is performed in either of
these states, an error response is generated.

m  The memory controller AHB programming port can be
accessed normally.

m  The memory controller registers can be programmed in low-
power and/or disabled state.

Table 172: Control register
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Registers

Status register
Address: A070 0004

The Status register provides memory controller status information.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved SA WBS | BUSY
Register bit assignment
Bits Access Mnemonic  Description
D31:03 N/A Reserved N/A (do not modify)
D02 R SA Self-refresh acknowledge (SREFACK)
0 Normal mode
1  Self refresh mode (reset value on reset_n)
Indicates the memory controller operating mode.
D01 R WBS Write buffer status
0  Write buffers empty (reset value on reset_n)
1 Write buffers contain data
Enables the memory controller to enter low-power mode or disabled
mode clearly.
D00 R BUSY Busy

0 Memory controller is idle (reset value on HRESETn)

1 Memory controller is busy performing memory transactions,
commands, or auto-refresh cycles, or is in self-refresh mode
(reset value on reset_n and HRESETn)

Ensures that the memory controller enters the low-power or disabled

state cleanly by determining whether the memory controller is busy.

Table 173: Status register

Configuration register
Address: A070 0008
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The Configuration register configures memory controller operation. It is
recommended that this register be modified during system initialization, or when
there are no current or outstanding transactions. Wait until the memory controller is
idle, then enter low-power or disabled mode.

31 30 29 28 27 26

25 24

23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
Reserved END
Register bit assignment
Bits Access Mnemonic Description
D31:01 N/A Reserved N/A (do not modify)
D00 R/W END Endian mode

0 Little endian mode
1 Big endian mode

The value of the endian bit on power-on reset (reset_n) is determined
by the gpio[44] signal. This value can be overridden by software. This
field is not affected by the AHB reset (HRESETn).

Note:

The value of the gpio[44] signal is reflected in this field.
When programmed, this register reflects the last value
written into the register. You must flush all data in the
memory controller before switching between little endian
and big endian modes.

Table 174: Configuration register

Dynamic Memory Control register
Address: A070 0020

The Dynamic Memory Control register controls dynamic memory operation. The
control bits can be changed during normal operation.
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Registers
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rsvd nRP Not Reserved SDRAMInit Rsvd Not Reserved SR Not CE
used used used
Register bit assignment
Bits Access Mnemonic  Description
D31:15 N/A Reserved N/A (do not modify)
D14 R/W nRP Sync/Flash reset/power down signal (dy_pwr_n)
0 dy_pwr_nsignal low (reset value on reset_n)
1 Setdy_pwr_nsignal high
D13 R/W Not used Always write to 0.
D12:09 N/A Reserved N/A (do not modify)
D08:07 R/IW SDRAMInit  SDRAM initialization
00  Issue SDRAM NORMAL operation command (reset value on
reset_n)
01  Issue SDRAM MODE command
10  Issue SDRAM PALL (precharge all) command
11 Issue SDRAM NOP (no operation) command
D06 N/A Reserved N/A (do not modify)
D05 R/W Not used Must write 0.
D04:03 N/A Reserved N/A (do not modify)

Table 175: Dynamic Memory Control register
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Bits Access  Mnemonic  Description

D02 R/IW SR Self-refresh request (SREFREQ)

0  Normal mode

1 Enter self-refresh mode (reset value on reset_n)

By writing 1 to this bit, self-refresh can be entered under software

control. Writing 0 to this bit returns the memory controller to normal

mode.

The self-refresh acknowledge bit in the Status register must be

polled to discover the current operating mode of the memory

controller.

Note: ~ The memory controller exits from power-on reset with
the self-refresh bit on high. To enter normal functional
mode, set the self-refresh bit low. Writing to this register
with the bit set to high places the register into self-refresh
mode. This functionality allows data to be stored over
SDRAM self-refresh of the ASIC is powered down.

DOo1 R/W Not used Must write 1.

D00 R/W CE Dynamic memory clock enable

0 Clock enable if idle devices are deasserted to save power (reset
value on reset_n)

1 Allclock enables are driven high continuously.
Note:  Clock enable must be high during SDRAM initialization.

Table 175: Dynamic Memory Control register

Dynamic Memory Refresh Timer register

Address: A070 0024

The Dynamic Memory Refresh Timer register configures dynamic memory operation.
It is recommended that this register be modified during system initialization, or when
there are no current or outstanding transactions. Wait until the memory controller is
idle, then enter low-power or disabled mode.These bits can, however, be changed
during normal operation if necessary.

Note: The Dynamic Memory Refresh Timer register is used for all four dynamic
memory chip selects. The worst case value for all chip selects must be
programmed.
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Registers

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Reserved REFRESH

Register bit assignment

Bits Access Mnemonic  Description
D31:11 N/A Reserved N/A (do not modify)
D10:0 R/W REFRESH Refresh timer

0x0

Refresh disabled (reset value on reset_n)

0x1-0x77F n(x16)
16n HCLK ticks between SDRAM refresh cycles

Table 176: Dynamic Memory Refresh Timer register

Examples

Generic formula: DynamicRefresh = (((tggr / #rows) * speed grade) / 32)

For 4k rows:

Refresh period = 64us

Speed grade = 200 MHz

Calculation = ((64e™3 / 4096) * 200e*6) / 32 = 97 = Ox61
For 8k rows:

Refresh period = 64us

Speed grade = 150 MHz

Calculation = ((64e / 8192) * 150e*6) / 32 = 36 = 0x24
Notes:

m  The refresh cycles are evenly distributed. There might be slight variations,
however, when the auto-refresh command is issued, depending on the
status of the memory controller.

m  Unlike other SDRAM memory timing parameters, the refresh period is
programmed in the cPU_CLK domain.
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Dynamic Memory Read Configuration register

Address: A070 0028

The Dynamic Memory Read Configuration register allows you to configure the dynamic
memory read strategy. Modify this register only during system initialization.

Note:

The Dynamic Memory Read Configuration register is used for all four

dynamic memory chip selects. The worst case value for all chip selects
must be programmed.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved RD
Register bit assignment
Bits Access Mnemonic  Description
D31:02 N/A Reserved N/A (do not modify)
DO01:00 RW RD Read data strategy
00  Reserved.
01  Command delayed strategy, using CLKDELAY (command
delayed, clock out not delayed).
10 Command delayed strategy plus one clock cycle, using
CLKDELAY (command delayed, clock out not delayed).
11  Command delayed strategy plus two clock cycles, using

CLKDELAY (command delayed, clock out not delayed).

Table 177: Dynamic Memory Read Configuration register
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Registers

Dynamic Memory Precharge Command Period register
Address: A070 0030

The Dynamic Memory Precharge Command Period register allows you to program the
precharge command period, tgp Modify this register only during system initialization.

This value normally is found in SDRAM datasheets as tgp

The Dynamic Memory Precharge Command Period register is used for all

Note:
four dynamic memory chip selects. The worst case value for all chip
selects must be programmed.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserved

RP

Register bit assignment

Bits Access Mnemonic  Description
D31:04 N/A Reserved N/A (do not modify)
D03:00 R/W RP Precharge command period (tgp)

0x0-0xE

n+1 clock cycles, where the delay is in CLK cycles.

OxF
16 clock cycles (reset value on reset_n)

Table 178: Dynamic Memory Precharge Command Period register

292 NS9360 Hardware Reference




Memory Controller

Dynamic Memory Active to Precharge Command Period register

Address: A070 0034

The Dynamic Memory Active to Precharge Command Period register allows you to
program the active to precharge command period, tgas. It is recommended that this
register be modified during system initialization, or when there are no current or
outstanding transactions. Wait until the memory controller is idle, then enter low-
power or disabled mode. This value normally is found in SDRAM datasheets as tras-

Note: The Dynamic Memory Active to Precharge Command Period register is
used for all four dynamic memory chip selects. The worst case value for
all chip selects must be programmed.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved RAS

Register bit assignment

Bits Access Mnemonic  Description

D31:04 N/A Reserved N/A (do not modify)

D03:00 R/W RAS Active to precharge command period (tgas)
0x0-0xE
n+1 clock cycles, where the delay is in CLK cycles.
OxF

16 clock cycles (reset value on reset_n)

Table 179: Dynamic Memory Active to Precharge Command Period register
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Dynamic Memory Self-refresh Exit Time register

Address: A070 0038

The Dynamic Memory Self-refresh Exit Time register allows you to program the self-
refresh exit time, tggex. It is recommended that this register be modified during
system initialization, or when there are no current or outstanding transactions. Wait
until the memory controller is idle, then enter low-power or disabled mode. This
value normally is found in SDRAM data sheets as tgpgy-

Note: The Dynamic Memory Self-refresh Exit Time register is used for all four
dynamic memory chip selects. The worst case value for all chip selects
must be programmed.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved SREX

Register bit assignment

Bits Access Mnemonic  Description

D31:04 N/A Reserved N/A (do not modify)

D03:00 RIW SREX Self-refresh exit time (tsrex)
0x0-0xE
n+1 clock cycles, where the delay is in CLK cycles.
OxF

16 clock cycles (reset value on reset_n)

Table 180: Dynamic Memory Self-refresh Exit Time register
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Dynamic Memory Last Data Out to Active Time register

Address: A070 003C

The Dynamic Memory Last Data Out to Active Time register allows you to program the
last-data-out to active command time, typg. It is recommended that this register be
modified during system initialization, or when there are no current or outstanding
transactions. Wait until the memory controller is idle, then enter low-power or
disabled mode. This value normally is found in SDRAM datasheets as tppg.

Note: The Dynamic Memory Last Data