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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. This printed version of the
NS9750 Hardware Reference, Rev. E includes two volumes (90000622_E and
90000623 E). A single PDF (90000624 E) is included on your documentation CD.

About this guide

This guide provides information about the Digi NS9750, a single chip 0.13um
CMOS network-attached processor. The NS9750 is part of the Digi 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 NS9750 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 NS9750 architecture.

XiX
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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  NS9750 Jumpers and Components provides a hardware description of the
NS9750 development board, and includes information about jumpers,
components, switches, and configuration.

m  NS9750 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.digiembedded.com XXi
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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

XXii NS9750 Hardware Reference
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About NS9750

C HAPTER 1

The Digi NS9750 is a single chip 0.13um CMOS network-attached processor. This
chapter provides an overview of the NS9750, which is based on the standard
architecture in the NET+ARM family of devices.
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NS9750 Features

NS9750 Features

The NS9750 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 NS9750 runs up to 200 MHz, with a 100 MHz system and memory bus
and 50 MHz peripheral bus. The NS9750 offers an extensive set of I/0 interfaces and
Ethernet high-speed performance and processing capacity. The NS9750 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.

32-bit ARM926EJ-S RISC processor

[ 125 to 200 MHz

m  5-stage pipeline with interlocking

m  Harvard architecture

m 8 kB instruction cache and 4 kB data cache

m  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, VxWorks, others
m  DSP instruction extensions, improved divide, single cycle MAC

m  ARM Jazelle, 1200CM (coffee marks) Java accelerator

m  EmbeddedICE-RT debug unit

m  JTAG boundary scan, BSDL support

External system bus interface
n 32-bit data, 32-bit internal address bus, 28-bit external address bus

m  Glueless interface to SDRAM, SRAM, EEPROM, buffered DIMM, Flash
m 4 static and 4 dynamic memory chip selects

m  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

m  Self-refresh during system sleep mode

= Automatic dynamic bus sizing to 8 bits, 16 bits, 32 bits

2 NS9750 Hardware Reference
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About NS9750

m  Burst mode support with automatic data width adjustment

= Two external DMA channels for external peripheral support

System Boot

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

m  Hardware-supported low cost boot from serial EEPROM through SPI port
(patent pending)

High performance 10/100 Ethernet MAC

= 10/100 Mbps MII/RMII PHY interfaces

= Full-duplex or half-duplex

m  Station, broadcast, or multicast address filtering

[ 2 kB RX FIFO

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

m  Separate TX and RX DMA channels

= Intelligent receive-side buffer size selection

m  Full statistics gathering support

m  External CAM filtering support

PCIl/CardBus port

m  PClv2.2, 32-bit bus, up to 33 MHz bus speed

m  Programmable to:
—  PCI device mode
—  PCI host mode:
Supports up to 3 external PCI devices
Embedded PCI arbiter or external arbiter

n CardBus host mode

www.digiembedded.com 3
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NS9750 Features

Flexible LCD controller
m  Supports most commercially available displays:

— Active Matrix color TFT displays:
Up to 24bpp direct 8:8:8 RGB; 16 colors
—  Single and dual panel color STN displays:
Up to 16bpp 4:4:4 RGB; 3375 colors
—  Single and dual panel monochrome STN displays:
1, 2, 4bpp palettized gray scale
m  Formats image data and generates timing control signals

= Internal programmable palette LUT and grayscaler support different color
techniques

m  Programmable panel-clock frequency
USB ports
m  USB v.2.0 full speed (12 Mbps) and low speed (1.5 Mbps)
m  Configurable to device or OHCI host
— USB host is bus master

—  USB device supports one bidirectional control endpoint and 11
unidirectional endpoints

= All endpoints supported by a dedicated DMA channel; 13 channels total
m 20 byte RX FIFO and 20 byte TX FIFO
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 6.25 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

4 NS9750 Hardware Reference
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About NS9750

m 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

12C port

= 12C 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 I2C 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

Peripheral bus
m  One 13-channel DMA engine supports USB device

— 2 DMA channels support control endpoint
— 11 DMA channels support 11 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

= One 2-channel DMA engine supports external peripheral connected to
memory bus

www.digiembedded.com 5

Download from Www.Somanuals.com. All Manuals Search And Download.



NS9750 Features

Each DMA channel supports memory-to-memory transfers

Power management (patent pending)

Power save during normal operation

— Disables unused modules

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

Decreased bus traffic and rapid interrupt service

Hardware interrupt prioritization

General purpose timers/counters

16 independent 16-bit or 32-bit programmable timers or counters
—  Each with an 1/0 pin

Mode selectable into:

— Internal timer mode

—  External gated timer mode

—  External event counter

Can be concatenated

Resolution to measure minute-range events

Source clock selectable: internal clock or external pulse event

Each can be individually enabled/disabled

System timers

Watchdog timer
System bus monitor timer
System bus arbiter timer

Peripheral bus monitor timer

General purpose 1/0

50 programmable GPIO pins (muxed with other functions)
Software-readable powerup status registers for every pin for customer-
defined bootstrapping

NS9750 Hardware Reference
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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 200 MHz: 0-70°C

m 162 MHz: -40 - +85° C
m  125MHz: 0-70°C

www.digiembedded.com 7
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System-level interfaces

System-level interfaces

Figure 1 shows the NS9750 system-level interfaces.

+———» I’C JTAG [4————»

-4+——»| USB Host or Device
Ethernet [ ——»

~ <4——p»| USB Host control

~¢—p{ Serial Controls |«¢———
-« 1234 NS9750 Data |&———» },\%ﬁig}
GPI0Y «4—— 1 ICD Address |————»=

-4——p| Ext. DMA

«+——p| Ext. IRQ PCl/CardBus [——»

N <«¢——p| Timers/Counters

44— | Clocks & Reset Power & Ground |eg——

Figure 1: System-level hardware interfaces

m  Ethernet MII/RMII interface to external PHY
m  System memory interface
—  Glueless connection to SDRAM
—  Glueless connection to buffered PC100 DIMM
—  Glueless connection to SRAM
—  Glueless connection to Flash memory or ROM
m  PCl muxed with CardBus interface
m  USB host or device interface
= I°Cinterface

m 50 GPIO pins muxed with:
—  Four 8-pin-each serial ports, each programmable to UART or SPI

8 NS9750 Hardware Reference
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About NS9750

— 1284 port
—  Up to 24-bit TFT or STN color and monochrome LCD controller
—  Two external DMA channels

—  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

JTAG development interface

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

Clock interface for optional LCD external oscillator

Power and ground

www.digiembedded.com 9
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System boot

System boot

Reset

10

There are two ways to boot the NS9750 system (see Figure 2):

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 NS9750 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.

NS9750 External

System
Memory

Memory Bus

Peripheral Bus to AHB Bus Bridge

Figure 2: Two methods of booting NS9750 system

Master reset using an external reset pin resets NS9750. Only the AHB bus error status
registers retain their values; software read resets these error status registers. The

NS9750 Hardware Reference

Download from Www.Somanuals.com. All Manuals Search And Download.



About NS9750

input reset pin can be driven by a system reset circuit or a simple power-on reset
circuit.

RESET_DONE as an input

Used at bootup only:

When set to 0, the system boots from SDRAM through the serial SPI EEPROM.
When set to 1, the system boots from Flash/ROM. This is the default.

RESET_DONE as an output

Sets to 1, per Step 6 in the 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.

Boot sequence

1

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

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.

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

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.

www.digiembedded.com 11
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Reset

Figure 3 shows a sample reset circuit.

RESET delay required following valid
power applied to the NS9750 to allow
clock circuits to stabilize.

U6

RST-1-2 RESETn RESET_
3R3V 3 [vcc
GND |-L
MAX809S_SOT23D
|1
I NS9750
C14  100nF =
RESET_DONE

RESET_DONE <

Adding R5 will enable BOOT from Serial EE memory
connected to SPI port B to SDRAM located on dy_cs_n[0].
RESET_DONE remains “LOW” until BOOT is completed.
RESET_DONE = 1 indicates that the CPU is ready.

R5
2R4K

.|||_M_.

Otherwise, BOOT is from parallel ROM/FLASH connected to
st_cs_n[1].

Figure 3: Sample reset circuit

You can use one of five software resets to reset the NS9750. Select the reset by
setting the appropriate bit in the appropriate register.

m  Watchdog timer can issue reset upon watchdog timer expiration (see
"Software Watchdog Timer register” on page 293).

m  AHB bus arbiter can issue reset upon AHB bus arbiter timer expiration.
= AHB bus monitor can issue reset upon AHB bus monitor timer expiration.

m  Software reset can reset individual internal modules or all modules except
memory and CPU (see "Reset and Sleep Control register" on page 295).

m  The system is reset whenever software sets the PLL SW change bit to 1 (see
"PLL Configuration register" on page 299).

12 NS9750 Hardware Reference
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Hardware reset duration is 4 ms for PLL to stabilize. Software duration depends on
speed grade, as shown in Table 1.

Speed grade CPU clock cycles Duration
200 MHz 128 640 ns
162 MHz 128 790 ns
125 MHz 128 1024 ns

Table 1: Software reset duration

The minimum reset pulse width is 10 crystal clocks.

System clock

The system clock is provided to the NS9750 by either a crystal or an external
oscillator. Table 2 shows sample clock frequency settings for each chip speed grade.

Speed cpu_clk hclk (main bus) bbus_clk
200 MHz 200 (199.0656) 99.5328 49.7664
162 MHz 162.2016 81.1008 40.5504
125 MHz 125.3376 62.6688 31.3344

Table 2: Sample clock frequency settings with 29.4912 MHz crystal

If an oscillator is used, it must be connected to the x1_sys_osc input (C8 pin) on the
NS9750. If a crystal is used, it must be connected with a circuit such as the one shown

in Figure 4.

www.digiembedded.com 13
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System clock

14

Add R10 to bypass SYS PLL

R10

IW% GPIO19_PLL_BP
X1_SYS_OSC is qualified for an external LVTTL clock up to L 2RaK

400 MHz in PLL bypass mode. The system PLL is bypassed N
by pulling down GPIO19. In PLL bypass mode, the ARM9 R11
CPU is ¥ the frequency of X!_SYS_OSC.

100
When the PLL is enabled, the clock input range is 20 - 40
MHz. NS9750
C19
% % \ XLSYS | X1 SYS_OSC
10pF l X2 R12
(-] M
c20 T R13
1L X2_XTAL X2_SYS X2 SYS 0OSC
K 20-40MHz 330 OHM
L 10pF

Figure 4: System clock

The PLL parameters are initialized on powerup reset, and can be changed by
software from f 5, to 1/2 f,,,,. For a 200 MHz grade, then, the CPU may change from
200 MHZ to 100 MHz, the AHB system bus may change from 100 MHz to 50 MHz, and
the peripheral BBus may change from 50 MHz to 25 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, PCI/
CardBus, 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 T3 for receive clock and tx_clk on pin V3 for
transmit clock. For a RMII, there is only one clock, and it connects to the rx_clk on pin
T3. In this case, the transmit clock, tx_clk, should be tied low.

PCI/CardBus, LCD controller, serial modules (UART, SPI), and 1284 port can optionally
use external clock signals.

NS9750 Hardware Reference

Download from Www.Somanuals.com. All Manuals Search And Download.



About NS9750

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.

3R3V  TBL Y1
o Y1_PWR 4
BEAD_0805_601 2 \éﬁ% R6
oo * TesT our 22001 AL USB | X1 USB_OSC
EC2600_TTS_48M 100
NS9750

R =9
[ - !

L4 NOTE: ** = OPTIONAL |
! 1uH_5% Crystal circuit ol
| X1_IN RO -
[ ANK LG 6™ Lo L~ xzuse | x2 UsB_OsC
| N ' 100 oHm !
. - LMK
| C16 2 |DI3 '
: 100pF_5% X=X r— = T T T T T T -
! 48.0000MHz |
| ANK_RC X1 % X1 is a 48-MHz 3rd harmonic crystal. It has
i rR7 c15™ c17 | the same physical _cha_ractensucs asal6

68R1 e = | MHz crystal. The circuit may have a tendency
| 10pF 10pF I to oscillate at 16 MHz unless precautions are
| — = — taken. A LC-tank circuit is added to provide a
i - - | “lowimpedance” for the 16 MHz oscillation to

Tank Circuit | ground.
Figure 5: USB clock
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NS9750 Pinout

C HAPTER 2

The NS9750 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
PCI/CardBus port, a USB port, and four multi-function serial ports. The NS9750
provides up to 50 general purpose I/0 (GPIO) pins and configurable power
management with sleep mode.

17
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Pinout and signal descriptions

Pinout and signal descriptions

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 is a pullup resistor or a pulldown resistor:
m U — Pullup (input current source)
m D — Pulldown (input current sink)
If no value appears, that pin is neither a pullup nor pulldown resistor.
110 The type of signal: input, output, or input/output.
OD (mA) The output drive of an output buffer. NS9750 uses one of three drivers:

 2mA
® 4mA
= 8mA

More detailed signal descriptions are provided for selected modules.

System Memory interface

Pin # Signal Name u/D (OmDA) 1/0  Description

A21 addr[0] 8 (0] Address bus signal
B20 addr[1] 8 (¢} Address bus signal
C19 addr[2] 8 (0] Address bus signal
A20 addr[3] 8 (0] Address bus signal
B19 addr[4] 8 (0] Address bus signal
Table 3: System Memory interface pinout
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NS9750 Pinout

Pin # Signal Name uU/D (OmDA) I/0  Description

C18 addr[5] 8 O Address bus signal
Al9 addr[6] 8 0o Address bus signal
Al7 addr[7] 8 0o Address bus signal
C16 addr[8] 8 0o Address bus signal
B16 addr[9] 8 0o Address bus signal
Al6 addr[10] 8 0o Address bus signal
D15 addr[11] 8 0o Address bus signal
C15 addr[12] 8 O Address bus signal
B15 addr[13] 8 O Address bus signal
Al5 addr[14] 8 0o Address bus signal
Cl4 addr[15] 8 O Address bus signal
B14 addr[16] 8 O Address bus signal
Al4 addr[17] 8 0o Address bus signal
Al3 addr[18] 8 0o Address bus signal
B13 addr[19] 8 O Address bus signal
C13 addr[20] 8 O Address bus signal
Al2 addr[21] 8 0o Address bus signal
B12 addr[22] 8 O Address bus signal
C12 addr[23] 8 O Address bus signal
D12 addr[24] 8 0o Address bus signal
All addr[25] 8 0o Address bus signal
B11 addr[26] 8 O Address bus signal
Cl1 addr[27] 8 O Address bus signal
G2 clk_en[0] 8 O SDRAM clock enable
H3 clk_en[1] 8 O SDRAM clock enable
Gl clk_en[2] 8 O SDRAM clock enable

Table 3: System Memory interface pinout
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Pinout and signal descriptions

Pin # Signal Name U/D (OmDA) 1/0  Description

H2 clk_en[3] 8 o] SDRAM clock enable

Al0 clk_out[0] 8 ¢} SDRAM reference clock. Connect to clk_in[0]
using series termination.

A9 clk_out[1] 8 SDRAM clock

A5 clk_out[2] 8 SDRAM clock

A4 clk_out[3] 8 SDRAM clock

G26 data[0] 8 110 Data bus signal

H24 data[1] 8 110 Data bus signal

G25 data[2] 8 110 Data bus signal

F26 data[3] 8 110 Data bus signal

G24 data[4] 8 110 Data bus signal

F25 data[5] 8 110 Data bus signal

E26 data[6] 8 110 Data bus signal

F24 data[7] 8 110 Data bus signal

E25 data[8] 8 110 Data bus signal

D26 data[9] 8 110 Data bus signal

F23 data[10] 8 110 Data bus signal

E24 data[11] 8 110 Data bus signal

D25 data[12] 8 110 Data bus signal

C26 data[13] 8 110 Data bus signal

E23 data[14] 8 110 Data bus signal

D24 data[15] 8 110 Data bus signal

C25 data[16] 8 110 Data bus signal

B26 data[17] 8 110 Data bus signal

D22 data[18] 8 110 Data bus signal

Cc23 data[19] 8 110 Data bus signal

B24 data[20] 8 110 Data bus signal

Table 3: System Memory interface pinout
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NS9750 Pinout

Pin # Signal Name uU/D (OmDA) I/0  Description

A25 data[21] 8 1/10 Data bus signal

C22 data[22] 8 1/10 Data bus signal

D21 data[23] 8 1/10 Data bus signal

B23 data[24] 8 1/10 Data bus signal

A24 data[25] 8 1/10 Data bus signal

A23 data[26] 8 1/10 Data bus signal

B22 data[27] 8 1/10 Data bus signal

Cc21 data[28] 8 1/10 Data bus signal

A22 data[29] 8 1/10 Data bus signal

B21 data[30] 8 1/10 Data bus signal

C20 data[31] 8 1/10 Data bus signal

El data_mask[0] 8 0o SDRAM data mask signal

F2 data_mask[1] 8 0o SDRAM data mask signal

G3 data_mask[2] 8 0o SDRAM data mask signal

F1 data_mask[3] 8 0o SDRAM data mask signal

C5 clk_in[0] I SDRAM feedback clock. Connect to clk_out[0].

D2 clk_in[1] | Connect to GND

E3 clk_in[2] | Connect to GND

E2 clk_in[3] | Connect to GND

B4 byte_lane_sel_n[0] 8 0o Static memory byte_lane_enable[0] or
write_enable_n[0] for byte-wide device signals

F4 byte_lane_sel_n[1] 8 0o Static memory byte_lane_enable[1] or
write_enable_n[1] for byte-wide device signals

D1 byte_lane_sel_n[2] 8 o Static memory byte_lane_enable[2] or
write_enable_n[2] for byte-wide device signals

F3 byte_lane_sel_n[3] 8 O Static memory byte_lane_enable[3] or
write_enable_n[3] for byte-wide device signals

B5 cas_n 8 O SDRAM column address strobe

Table 3: System Memory interface pinout
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Pinout and signal descriptions

Pin # Signal Name u/D (OmDA) I/0O  Description

A8 dy_cs_n[0] 8 ] SDRAM chip select signal

B8 dy_cs_n[1] 8 ) SDRAM chip select signal

A6 dy_cs_n[2] 8 ] SDRAM chip select signal

C7 dy_cs_n[3] 8 ] SDRAM chip select signal

C6 st oe n 8 ¢} Static memory output enable

D6 ras_n 8 0] SDRAM row address strobe

H1 dy_pwr_n 8 (¢} SyncFlash power down

B10 st_cs_n[0] 8 O Static memory chip select signal

C10 st_cs_n[1] 8 O Static memory chip select signal

B9 st_cs_n[2] 8 (¢} Static memory chip select signal

C9 st_cs_n[3] 8 (¢} Static memory chip select signal

B6 we n 8 0] SDRAM write enable. Used for static and
SDRAM devices.

J3 ta_strb U | Slow peripheral transfer acknowledge

Table 3: System Memory interface pinout

System Memory interface signals

22

Table 4 describes System Memory interface signals in more detail. All signals are
internal to the chip.

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 [25:0].

Table 4: System Memory interface signal descriptions
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NS9750 Pinout

Name 1/0 Description

clk_en[3:0] @] SDRAM clock enable. Used for SDRAM devices.
Note:  The clk_en signals are associated with the dy_cs_n signals.
Connect SDRAM clock enables directly to a 3.3V or pullup resistor to
avoid an SDRAM lockup condition during a manual or brownout
condition reset.
As an alternative, you can use an analog switch to connect the clock
enables to the SDRAM devices to a pullup resistor until the NS9750 device
reset is complete, as indicated by a high level on the reset_done output. See
the sample circuit shown in Figure 7, "NS9750 clock enable
configuration,” on page 25.

clk_out[3:1] 0o SDRAM clocks. Used for SDRAM devices.

clk_out[0] o SDRAM clk_out[0] is connected to clk_in[0].

data[31:0] 1/10 Read data from memory. Used for the static memory controller and the
dynamic memory controller.

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

clk_in[3:1] | Feedback clocks. Used for SDRAM devices.

clk_in[0] | Feedback clock [0]. Always connects to clk_out[Q].

byte lane_sel_n[3:0] 0 Static memory byte_lane_select, active low, or write_enable_n for byte-
wide devices.

cas_n @] Column address strobe. Used for SDRAM devices.

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

st oe_n o Output enable for static memories. Used for static memory devices.

ras_n 0 Row address strobe. Used for SDRAM devices.

st_cs_n[3:0] 0 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.

Table 4: System Memory interface signal descriptions
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Pinout and signal descriptions

Figure 6 shows NS9750 SDRAM clock termination.

All series termination resistors

must be placed close to driver Always connect clk_out[0]
T T T T T e to clk_in[O] using series
olk_out[0] - termination. Must not
- drive any SDRAM loads.
clk_in[0] CLK_IN[0] Data in from SDRAMs is
- /./ L sampled on the rising
, edge of this clock.
, =
NS9750 K4 This trace can be a loop 2 to 3 inches in length.
L/ Read Data clock will be delayed 180pS/per inch.
clk OUt[l] UNUSED_CLK
- Unused clk_out's are
olk_in[1] I terminated only
= Always GND
clk_out[2] [ >SDRAM_CLK[2]
) SDRAM Bank A
clk_in[2] R1
. Address. Data, & Commands
= Always GND ca are sampled by SDRAMSs on
the rising edge of these
= clocks.
clk_out[3] {_>SDRAM_CLK[3]
) SDRAM Bank B
clk_in[3] —_|_ R3
= Always GND ca SDRAM Banks have AC
Termination placed

at end of traces

Figure 6: SDRAM clock termination
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NS9750 Pinout

clk_en[n]
Ul
0=BOTOA
reset_done {5\ [ 1
L s, N 4 CKE
i A 33V
J_iZ GND Bo L3 AAAT
= 2.4K
NS9750 NC7SB3157 ohm SDRAM
Figure 7: NS9750 clock enable configuration
Ethernet interface
Signal name oD Description
Pin # ub (mA) /O
MII RMII MII RMII
AB1 col N/C | Collision Pull low external to
NS9750
AA2 crs crs_dv | Carrier sense Carrier sense
AC1 enet_phy_i enet phy_ i U | Ethernet PHY Ethernet PHY
nt_n nt_n interrupt interrupt
AA3 mdc mdc 4 0o MII management MII management
interface clock interface clock
AB2 mdio mdio U 2 1/0 MII management data MII management data
T3 rx_clk ref_clk | Receive clock Reference clock
V2 rx_dv N/C | Receive data valid Pull low external to
NS9750
w1 rx_er rx_er | Receive error Optional signal; pull
low to NS9750 if not
used
V1 rxd[0] rxd[0] | Receive data bit 0 Receive data bit 0
Table 5: Ethernet interface pinout
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Pinout and signal descriptions

Signal name oD Description
Pin # u/b (mA) 1/0
MII RMII MII RMII

U3 rxd[1] rxd[1] | Receive data bit 1 Receive data bit 1

u2 rxd[2] N/C | Receive data bit 2 Pull low external to
NS9750

Ul rxd[3] N/C | Receive data bit 3 Pull low external to
NS9750

V3 tx_clk N/C | Transmit clock Pull low external to
NS9750

AAl tx_en tx_en 2 e} Transmit enable Transmit enable

Y3 tx_er N/C 2 o] Transmit error N/A

Y2 txd[0] txd[0] 2 0 Transmit data bit 0 Transmit data bit 0

W3 txd[1] txd[1] 2 0 Transmit data bit 1 Transmit data bit 1

Y1l txd[2] N/C 2 @] Transmit data bit 2 N/A

W2 txd[3] N/C 2 0 Transmit data bit 3 N/A

Table 5: Ethernet interface pinout
Clock generation/system pins
oD

Pin # Signal name U/D (mA) 1I/O Description

C8 x1_sys_osc | System clock crystal oscillator circuit input

B7 X2_Sys_0sC 0] System clock crystal oscillator circuit output

D9 x1_ush_osc | USB clock crystal oscillator circuit input.

(Connect to GND if USB is not used.)
A7 X2_ush_osc o] USB clock crystal oscillator circuit output
AC21 reset_done ] 2 110 CPU is enabled once the boot program is loaded.
Reset_done is set to 1.
H25 reset_n U | System reset input signal

Table 6: Clock generation and system pin pinout
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NS9750 Pinout

Pin # Signal name uU/D (OmDA) I/0  Description

AD20 bist en_n | Enable internal BIST operation

AF21 pll_test_n | Enable PLL testing

AE21 scan_en_n | Enable internal scan testing

B18 sys_pll_dvdd System clock PLL 1.5V digital power

Al8 sys_pll_dvss System clock PLL digital ground

B17 sys_pll_avdd System clock PLL 3.3V analog power

C17 sys_pll_avss System clock PLL analog ground

J2 lcdelk U | External LCD clock input

T2 boot_strap[0] U 2 1/10 Chip select 1 static memory byte_lane_enable_n,
or write_enable_n for byte-wide devices
bootstrap select

N3 boot_strap[1] U 2 110 CardBus mode bootstrap select

P1 boot_strap[2] U 2 1/0 Memory interface read mode bootstrap select

P2 boot_strap[3] U 2 110 Chip select 1 data width bootstrap select

P3 boot_strap[4] U 2 110 Chip select 1 data width bootstrap select

Table 6: Clock generation and system pin pinout
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Pinout and signal descriptions

bist_en_n, pll_test_n, and scan_en_n

Table 7 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 7: bist_en_n, pll_test_n, & scan_en_n truth/termination table

PCI interface

The PCI interface can be set to PCI host or PCI device (slave) using the pci_central_rsc_n

pin.
Note: All output drivers for PCI meet the standard PCI driver specification.
oD

Pin # Signal name U/D (mA) 1/0 Description
J24 ad [O]1 N/A 110 PCI time-multiplexed address/data bus
H26 ad [1]1 N/A 110 PCI time-multiplexed address/data bus
J25 ad [2]1 N/A 110 PCI time-multiplexed address/data bus
J26 ad [3]1 N/A 110 PCI time-multiplexed address/data bus
K24 ad [4]1 N/A 110 PCI time-multiplexed address/data bus
K25 ad [5]1 N/A 110 PCI time-multiplexed address/data bus
K26 ad [6]1 N/A 110 PCI time-multiplexed address/data bus
L24 ad[?]1 N/A 110 PCI time-multiplexed address/data bus
L26 ad[8]1 N/A 110 PCI time-multiplexed address/data bus
M24 ad [9]1 N/A 110 PCI time-multiplexed address/data bus
M25 ad [10]l N/A 110 PCI time-multiplexed address/data bus
M26 ad [11]l N/A 110 PCI time-multiplexed address/data bus

Table 8: PCI interface pinout
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NS9750 Pinout

Pin # Signal name uU/D (OmDA) I/0  Description

N24 ad[12]1 N/A 1/10 PCI time-multiplexed address/data bus
N25 ad[13]1 N/A 1/10 PCI time-multiplexed address/data bus
N26 ad[14]1 N/A 1/10 PCI time-multiplexed address/data bus
P26 ad[15]1 N/A 1/10 PCI time-multiplexed address/data bus
u24 ad[16]1 N/A 1/10 PCI time-multiplexed address/data bus
V26 ad[17]1 N/A 1/10 PCI time-multiplexed address/data bus
V25 ad[18]1 N/A 1/10 PCI time-multiplexed address/data bus
W26 ad[19]1 N/A 1/10 PCI time-multiplexed address/data bus
V24 ad[20]1 N/A 1/10 PCI time-multiplexed address/data bus
W25 ad[21]1 N/A 1/10 PCI time-multiplexed address/data bus
Y26 ad[22]1 N/A 1/10 PCI time-multiplexed address/data bus
W24 ad[23]1 N/A 1/10 PCI time-multiplexed address/data bus
Y24 ad[24]1 N/A 1/10 PCI time-multiplexed address/data bus
AA25 ad[25]1 N/A 1/10 PCI time-multiplexed address/data bus
AB26 ad[26]1 N/A 1/10 PCI time-multiplexed address/data bus
AA24 ad[27]1 N/A 1/10 PCI time-multiplexed address/data bus
AB25 ad[28]1 N/A 1/10 PCI time-multiplexed address/data bus
AC26 ad[29]1 N/A 1/10 PCI time-multiplexed address/data bus
AD26 ad[SO]1 N/A 1/10 PCI time-multiplexed address/data bus
AC25 ad[Sl]1 N/A 1/10 PCI time-multiplexed address/data bus
L25 cbe_n[O]1 N/A 1/10 Command/byte enable

P25 che_n [1]1 N/A 1/10 Command/byte enable

u25 che_n [2]1 N/A 1/10 Command/byte enable

AA26 cbe_n[3]1 N/A 1/10 Command/byte enable

T26 devsel_n2 N/A 110 Device select

u26 frame_n? N/A 10  Cycle frame

Table 8: PCI interface pinout
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Pinout and signal descriptions

oD
Pin # Signal name U/D (mA) I/O Description
Y25 idsel® 4 NA | Initialization device select:

m  For PCI host applications, connect to
AD11.

m  For PCI device applications, connection
is determined by the PCI device number
assigned to the NS9750.

m  For CardBus applications, connect to the
external pullup resistor.

m Do not allow input to float in any
application.

T24 irdy_n? N/A  1/O Initiator ready

P24 par! N/A  1/O  Parity signal

R25 perr_n2 N/A 110 Parity error

R26 serr_n? N/A  1/O  System error
Input: pci_central_resource_n =0
Output: pci_central_resource_n =1

R24 stop_n? N/A  1/O  Stopsignal

T25 trdy_n? N/A  1/0  Target ready

AC24 pci_arb_gnt_l_n6 N/A 0] PCI channel 1 grant

AD23 pci_arb_gnt_2_n6 N/A 0] PCI channel 2 grant

AE24 pci_arb_gnt_3_n6 N/A 0] PCI channel 3 grant

AD25 pci_arb_req_l_n2 N/A | PCI channel 1 request

AB23 pci_arb_req_z_n2 N/A | PCI channel 2 request

AC22 pci_arb_req_3_n2 N/A | PCI channel 3 request

AF23 pci_central_resource_n D N/A | PCI internal central resource enable

AF25 pci_int_a_n2 N/A 110 PCI interrupt request A, output if external
central resource used

AF24 pci_int_b_n? N/A 110 PCl interrupt request B, CCLKRUN# for
CardBus applications

AE23 pci_int_c_n? NA | PCI interrupt request C

Table 8: PCI interface pinout
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NS9750 Pinout

oD
Pin # Signal name U/D (mA) 1/O Description
AD22 pci_int_d_n2 N/A | PCI interrupt request D
AE26 pci_reset_n3 N/A 1/10 PCI reset, output if internal central resource
enabled
AB24 pci_clk_in U N/A | PCI clock in. (Connected to pci_clk_out or an
externally generated PCI reference clock.)
AA23 pci_clk_out N/A 0 PCI clock out

Table 8: PCI interface pinout

PCIl/CardBus signals

Most of the CardBus signals are the same as the PCI signals. Other CardBus signals are
unique and multiplexed with PCI signals for the NS9750. Table 9 shows these unique
signals. Figure 8 illustrates how to terminate an unused PCI.

PCl signal  CardBus signal CardBus type  Description

INTA# CINT#* Input CardBus interrupt pin. The INTA2PCI pin in the
PCI Miscellaneous Support register must be set
to 0.

INTB# CCLKRUN#* Bidir CardBus pin used to negotiate with the external

CardBus device before stopping the clock.

Allows external CardBus device to request that
the clock be restarted.

INTC# CSTSCHG® Input CardBus status change interrupt signal.

GNT1# CGNT# Output Grant to external CardBus device from
NS9750’s internal arbiter.

Table 9: CardBus 10 multiplexed signals
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Pinout and signal descriptions

32

PCl signal  CardBus signal

GNT2#

Cvs1

CardBus type

Output

Description

Voltage sense pin. Normally driven low by
NS9750, but toggled during the interrogation of
the external CardBus device to find voltage
requirements.

Note: Do not connect directly to the
CardBus connector. See the diagram
"CardBus system connections to
NS9750" on page 462 for a suggested
connection scheme.

GNT3#

CVS2

Output

Voltage sense pin. Normally driven low by
NS9750, but toggled during the interrogation of
the external CardBus device to find voltage
requirements.

REQ1#

CREQ#*

Input

Request from external CardBus device to
NS9750’s internal arbiter.

REQ2#

ccp1t

Input

Card detect pin. Pulled up when the socket is
empty and pulled low when the external
CardBus device is in the socket.

REQ3#

ccp2t

Input

Card detect pin. Pulled up when the socket is
empty and pulled low when the external
CardBus device is in the socket.

Table 9: CardBus 10 multiplexed signals

Notes:
Add external pulldown resistor only if the PCI interface is not being used. See the discussion of PCI

bridge configuration in Sample Driver Configurations for information about eliminating the pulldown
resistor.

1

oo oA owWwN

Add external pullup resistors regardless of whether the PCI interface is being used.

Add external pullup resistor only if the PCI interface is not being used.

Add external pullup resistor in CardBus mode.

Add external pulldown resistor in CardBus mode.

Add external pullup only if the PCI interface is being used and this signal is also being used.
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NS9750 Pinout

3.3V UibD
o
PCI
R2 10K L25 " J24
PCI VB X559 CBEO ADO [z X
1 %559 CBE1* AD1 55
CBE2* AD2 52X
R3 10K DEVSEL- @ CBE3* AD3 %x
T+ AN AD4 55
AD5
R4 10K T26O K26
FRAME- U26°] DEVSEL* AD6 152
N\ \N O FRAME* AD7
Y25 ) L26
R5 10K T25,| 'DSEL in AD8 "yog
TRDY- —OT24 TRDY* AD9 muo5
NN Q IRDY* AD10 W
AD11 a5 X
R6 10K AC24 N24
IRDY- iﬁo GNT1* AD12 55X
AN CEsac] GNT2* AD13 [N58
X==0| GNT3* AD14 —poe
AD15
ADZ59 REQ1* in AD16 |2245¢
ABZ3O . V26
AC22 REQ2 in AD17 V25
Q REQ3* in AD18 HWZS
AF25 AD19 oy
AF249| INTA*inifrsc_in=0 AD20 —XW25
a L
AE23°] INTB*in if PCl mode AD21 Y26
AD220 INTC* in AD22 HW24
Q| INTD* in AD23 Y24
AD24
E26 AA2E
R7 10K RESET* A2 [CABae
PERR-
T\ N Egio PERR* AD27 ﬁégﬁ
PAR AD28 [Facoe
Re 10K STOP- R25 SERR*inif rsc_in =0 AD29
R24 AD26
Qq sTop* AD30 [~ac5
F23 AD31 4(
Notes: RSC_IN* pulled down
i PCI_CLKOUT
_1. Startup code needs to put the PCI bridge AB24 CLKIN pulled up CLKOUT AA23 _
into reset.
R1
2. PCI Mode: Boot_strap[1].N3 = default; no NS9750 4756
pulldown. PCI_CLKIN
3. NS9750 is current PCI bus master.
Signals that it can drive should have
individual pullups.
Figure 8: NS9750 unused PCI termination
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Pinout and signal descriptions

GPIO MUX

m  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.

m  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 the duplicate GPIO pin are programmed for the same
function, however, the primary GPIO pin has precedence and will be used.

m  The 00 option for the serial ports (B, A, C, and D) is 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.

Signal oD
Pin # name U/D (mA) I/O Description (4 options: 00, 01, 02, 03)
AF19 gpio[O]1 U 2 110 00  Ser port B TxData / SPI port B dout
01 DMA ch 1 done (duplicate)
02  Timer 1 (duplicate)
03 GPIOO
AE18 gpio[1] U 2 110 00  Ser port B RxData / SPI port B din
01 DMA ch 1 req (duplicate)
02 ExtIRQO
03 GPIO1
AF18 gpio[2]1 U 2 110 00  Serport B RTS
01  TimerO
02 DMA ch 2 read enable
03 GPIO2
AD17 gpio[3] U 2 110 00 SerportBCTS

01 1284 nACK (peripheral-driven)
02 DMAch1req
03 GPIO3

Table 10: GPIO MUX pinout
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NS9750 Pinout

Signal oD
Pin # name U/D (mA) 1/O Description (4 options: 00, 01, 02, 03)
AE17 gpio[4]l U 2 1/10 00  SerportBDTR
01 1284 busy (peripheral-driven)
02 DMA ch1done
03 GPIO4
AF17 gpio[5] U 2 110 00  Serport BDSR
01 1284 PError (peripheral-driven)
02 DMA ch 1 read enable
03 GPIO5
AD16 gpio[6] U 2 1/10 00  Serport B RI/SPI port B clk
01 1284 nFault (peripheral-driven)3
02  Timer 7 (duplicate)
03 GPIO6
AE16 gpio[7] U 2 110 00  Serport B DCD/SPI port B enable
01 DMA ch 1 read enable (duplicate)
02 ExtIRQ1
03 GPIO7
AD15 gpio[8]l U 2 1/0 00  Ser port A TxData / SPI port A dout
01  Reserved
02  Reserved
03 GPIOS
AE15 gpio[9] U 2 1/0 00  Ser port A RxData/ SPI port A din
01 Reserved
02  Timer 8 (duplicate)
03 GPIOY9
AF15 gpio[lO]1 U 2 1/0 00  Serport ARTS
01  Reserved
02  Reserved
03 GPIO10
AD14 gpio[11] U 2 110 00  Serport ACTS

01  ExtIRQ2 (duplicate)
02  Timer O (duplicate)
03 GPIO11

Table 10: GPIO MUX pinout
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Pinout and signal descriptions

Signal oD
Pin # name U/D (mA) I/O Description (4 options: 00, 01, 02, 03)
AE14 gpio[12]l U 2 110 00  Serport ADTR
01  Reserved
02  Reserved
03 GPIO12
AF14 gpio[13] U 2 110 00  Serport ADSR
01 ExtIRQ 0 (duplicate)
02  Timer 10 (duplicate)
03 GPIO13
AF13 gpio[14] U 2 110 00  Serport ARI/SPI port A clk
01  Timerl
02  Reserved
03 GPIO14
AE13 gpio[15] U 2 110 00  Serport ADCD/SPI port A enable
01  Timer2
02  Reserved
03 GPIO15
AD13 gpio[16]2 U 2 110 00 Reserved
01 1284 nFault (peripheral-driven, duplicate)3
02  Timer 11 (duplicate)
03 GPIO 16
AF12 gpio[17]*? U 2 I/O 00 USB power relay
01  Reserved
02  Reserved
03 GPIO17
AE12 gpio[18] U 4 110 00  Ethernet CAM reject
01  LCD power enable
02  ExtIRQ 3 (duplicate)
03 GPIO 18
AD12 gpio[19]* U 4 I/O 00 Ethernet CAM req

01  LCD line-horz sync
02  DMA ch 2 read enable (duplicate)
03 GPIO19

Table 10: GPIO MUX pinout
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Signal oD
Pin # name U/D (mA) 1/O Description (4 options: 00, 01, 02, 03)
AC12 gpio[20]1 U 8 1/10 00  SerportCDTR
01 LCD clock
02  Reserved
03 GPIO20
AF11 gpio[21] U 4 1/0 00  Serport C DSR
01  LCD frame pulse-vert
02  Reserved
03 GPIO21
AE11 gpio[22] U 4 1/10 00  Ser port C RI/SPI port C clk
01 LCD AC bias-data enable
02  Reserved
03 GPIO 22
AD11 gpio[23] U 4 110 00  Ser port C DCD / SPI port C enable
01 LCDlineend
02  Timer 14 (duplicate)
03 GPIO23
AF10 gpio[24]1 U 4 1/10 00  SerportDDTR
01 LCD databit0
02  Reserved
03 GPIO 24
AE10 gpio[25] U 4 I/0 00 Serport DDSR
01 LCDdatabitl
02  Timer 15 (duplicate)
03 GPIO25
AD10 gpio[26] U 4 1/10 00  Serport D RI/SPI port D clk
01 LCDdatabit2
02  Timer3
03 GPIO 26
AF9 gpio[27] U 4 110 00  Serport D DCD / SPI port D enable
01 LCDdatabit3
02 Timer4
03 GPIO 27
Table 10: GPIO MUX pinout
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Pinout and signal descriptions

Signal oD

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

AE9 gpio[28] U 4 110 00 ExtIRQ 1 (duplicate)
01 LCDdatabit4
02  LDC data bit 8 (duplicate)
03 GPIO 28

AF8 gpio[29] U 4 /0 00 Timer5
01 LCD databits
02  LCD data bit 9 (duplicate)
03 GPIO 29

AD9 gpio[30] U 4 110 00 Timer6
01 LCDdatabit6
02  LCD data bit 10 (duplicate)
03 GPIO30

AES8 gpio[31] U 4 110 00 Timer7
01 LCDdatabit7
02  LCD data bit 11 (duplicate)
03 GPIO31

AF7 gpio[32] u 4 /0 00 ExtIRQ2
01 1284 Data 1 (bidirectional)
02 LCD datahit8
03 GPIO 32

ADS8 gpio[33] U 4 110 00 Timer8
01 1284 Data 2 (bidirectional)
02 LCD databit9
03 GPIO33

AD7 gpio[34] U 4 110 00  Timer9
01 1284 Data 3 (bidirectional)
02  LCD data bit 10
03 GPIO 34

AE6 gpio[35] U 4 /0 00 Timer10

01 1284 Data 4 (bidirectional)
02 LCDdatahit1l
03 GPIO35

Table 10: GPIO MUX pinout
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NS9750 Pinout

Signal oD
Pin # name U/D (mA) 1/O Description (4 options: 00, 01, 02, 03)
AF5 gpio[36] U 4 1/10 00 Reserved
01 1284 Data 5 (bidirectional)
02 LCD data bit 12
03 GPIO 36
AD6 gpio[37] U 4 110 00 Reserved
01 1284 Data 6 (bidirectional)
02 LCD data bit 13
03 GPIO37
AE5 gpio[38] U 4 1/0 00  Reserved
01 1284 Data 7 (bidirectional)
02 LCD data bit 14
03 GPIO38
AF4 gpio[39] U 4 110 00 Reserved
01 1284 Data 8 (bidirectional)
02 LCD data bit 15
03 GPIO 39
AC6 gpio[40] U 4 110 00  Ser port C TxData / SPI port C dout
01 ExtIRQ3
02  LCD data bit 16
03 GPIO40
AD5 gpio[41] U 4 110 00  Ser port C RxData/ SPI port C din
01  Timer 11
02 LCD data bit 17
03 GPIO41
AE4 gpio[42] U 4 1/0 00  Serport CRTS
01  Timer12
02 LCD data bit 18
03 GPIO42
AF3 gpio[43] U 4 110 00  SerportCCTS
01  Timer 13
02 LCD data bit 19
03 GPIO43
Table 10: GPIO MUX pinout
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Pinout and signal descriptions

Signal oD
Pin # name U/D (mA) I/O Description (4 options: 00, 01, 02, 03)
AD2 gpio[44]l U 4 110 00  Ser port D TxData / SPI port D dout
01 1284 Select (peripheral-driven)
02  LCD data bit 20
03 GPIO44
AE1 gpio[45] U 4 110 00  Ser port D RxData/ SPI port D din
01 1284 nStrobe (host-driven)
02 LCD databit 21
03 GPIO45
AB3 gpio[46] U 4 110 00  Serport D RTS
01 1284 nAutoFd (host-driven)
02  LCD data hit 22
03 GPIO 46
AA4 gpio[47] U 4 110 00  SerportDCTS
01 1284 ninit (host-driven)
02 LCD databit 23
03 GPIO 47
AC2 gpio[48] U 2 110 00  Timer 14
01 1284 nSelectln (host-driven)
02 DMAch2req
03 GPIO48
AD1 gpio[49]* U 2 /O 00 Timer15

01 1284 peripheral logic high (peripheral-driven)
02 DMA ch 2 done
03 GPIO49

1 This pin is used for bootstrap initialization (see Table 168, “Configuration pins — Bootstrap
initialization,” on page 273). Note that the GPIO pins used as bootstrap pins have a defined
powerup state that is required for the appropriate NS9750 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 boostrap 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.

Table 10: GPIO MUX pinout
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Signal
Pin # name

oD

U/D (mA) 1/O Description (4 options: 00, 01, 02, 03)

NS9750 Pinout

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 41 for an illustration.

3 The nFault signal GP106 or GP1016 can be used as a code-controlled direction pin for the transceiver.

The polarity cannot be altered inside the NS9750; an inverter will be required.

Table 10: GPI1O MUX pinout

Example: Implementing gpio[16] and gpio[17]

This circuit is required to prevent USB
power being enabled before code has set

NS97xx GPIO[17] to mode 00. Pulling down
GPIO[17] effects CPU speed. USB Power
Controller
GPIO[®]
2.4K —O ENABLE_n
= NAND2 OVERCUR_n
USB_PWR,
GPIO[17], 3.3V
BOOTST ND4
Rpull-
USB_OVR Rfilter pLEp
GPIO[16]
INV

Cfilter

HH

RC filter =500uS
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Pinout and signal descriptions

LCD module signals

The LCD module signals are multiplexed with GPIO pins. They include seven control
signals and up to 24 data signals. Table 11 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

CLD[23:0] Output LCD panel data

CLLE Output Line end signal

Table 11: LCD module signal descriptions

The cLD[23:0] signal has eight modes of operation:

m  TFT 24-bit interface m  4-bit mono STN single panel
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

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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NS9750 Pinout

12C interface

oD
Bits Signal name U/D (mA) 1/O Description
AC15 iic_scl 4 1/0 12C serial clock line. Add a 10K resistor to
VDDA(3.3V) if not used.
AF16 iic_sda 4 1/0 12C serial data line. Add a 10K resistor to

VDDA(3.3V) if not used.

Table 12: 12C interface pinout

USB interface

Notes:
m  If 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.

oD
Bits Signal name U/D (mA) 1/O Description
AB4 usb_dm 110 USB data -
AC3 usb_dp 1/0 USB data +

Table 13: USB interface pinout

JTAG interface for ARM core/boundary scan

Note: trst_n must be pulsed low to initialize JTAG when a debugger is not
attached. See Figure 9, "JTAG interface," on page 44.

oD
Bits Signal name U/D (mA) [1/0 Description
AE20 tck | Test clock
AD18 tdi U | Test data in

Table 14: JTAG interface/boundary scan pinout
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Pinout and signal descriptions

Bits Signal name U/D (OmDA) 1/0  Description

AE19 tdo 2 (0] Test data out

AC18 tms U | Test mode select

AF20 trst_n U | Test mode reset

AD19 rick U 2 1/0 Returned test clock, ARM core only

Table 14: JTAG interface/boundary scan pinout

PD_PIN19

JP1 recommended

sav  instead of R9 RESEIn {__>ReSET
during development 33v ——NS9750 BGA352 R8  2.4K
phase, IPL ek R6 10K R7 10K RESET* RESET_DONE

R1 S R2

j

‘AD20 | PLLTEST*

PD _PIN17

X
BISTEN*

2.4K S 10K T R9 2.4K R10 2.4K SCANEN*

*x SYSTEM CONTROL

CK AE20
1 AD18 %IK 100 |-AELD
STn ﬁ%go MS AD19. Rz K
TRST* RTCK
RI1 0 JTAS ﬁ
— NS9750 =
E
bsRsT 33v
Uz ** T
L R13  R14 1], e R15 0
= 3.3V DI , Ve Notes
0K 10K ° R8
JTAG 20 GND out: Boot from flash/ROM/S_CS1n
PIN = NC7S208_50123 nt7 in: Boot from SDRAM/CSOn using SPI_B
HEADER.. = RIE A0 sk EEPROM on GPIO pins
Should be ’
P - oy -
- i out: Internal PCI arbiter
faging toward — GND- v in: External PCI arbiter bus
board edge. = T c3
. 1
- Debug
2o R MR RS 10k 4 Load all except JP1/R9, R15, R16; R8 and R12
MAXB11S_SOT143 c1 SW-F?‘:L depend on board options
-T—E?ET:mg?;%Sr 1}01 Disable blank or unprogrammed boot memory
Production with debug possibility
JTDO Ra B 1o Omit parts with **
#it
JRTCK RSB Rk Production without debug possibility
## Omit parts with ** and ##, as well as parts with **
When halting the CPU in debug mode, the
JSRST line must be pulsed low only one time.
Figure 9: JTAG interface
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Reserved

Pin# Description

J1 Tie to ground directly
K3 Tie to ground directly
K2 Tie to ground directly
K1 Tie to ground directly
R1 Tie to ground directly
R2 Tie to ground directly
R3 Tie to ground directly
T1 Tie to ground directly
AF6 Tie to ground directly
AE3 Tie to ground directly
AC5 Tie to ground directly
AD4 Tie to 1.5V core power
AF2 Tie to 3.3V 1/O power
AE7 No connect

L3 No connect

L2 No connect

L1 No connect

M3 No connect

M2 Tie to ground directly
M1 Tie to ground directly
N1 Tie to ground directly
N2 Tie to ground directly
AF22 No connect

AD21 No connect

AE22 No connect

Table 15: Reserved pins
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Pinout and signal descriptions

Power ground

Pin # Signal name Description

J23,L23, K23, U23, T23, V23, D18, VDDC Core power, 1.5V
D17, AC17, D16, AC16, D11, D10,

AC11, AC10, AC9, J4, L4, K4, U4,

T4,V4

G23, H23, M23, R23, P23, N23, Y23, VDDS 1/0 power, 3.3V
W23, D20, AC20, D19, AC19, D14,

D13, AC14, AC13, D8, D7, ACS,

ACT7, G4, H4, M4, R4, P4, N4, Y4,

W4

A26, B25, AE25, AF26, D23, C24, VSS2 Ground
AD24, AC23, D5, D4, C4, E4, AC4,

A3, A2, D3, C3, C2, B3, B2, AE2,

AD3, Al, C1, B1, AF1

Table 16: Power ground pins
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Working with the CPU

C HAPTER 3

The NS9750 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.

47
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About the processor

About the processor

48

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:

m  ARM926EJ-S integer core

= Memory Management Unit (MMU) (see "Memory Management Unit (MMU),"
beginning on page 78, for information)

m  Separate instruction and data AMBA AHB bus interfaces

NS9750 Hardware Reference
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Working with the CPU

Figure 10 shows the main blocks in the ARM926EJ-S processor.

DEXT -
Write buffer T
p»| DROUTE
- DCACHE |«
- | Cache | -
- writeback Lt
PA write ' Data AHB
|| TAGRAM buffer AHB  |———p
interface
\
WDATA  RDATA | PA T > MMU - Bus
DMVA i interface
- - unit
ARM926EJ-S FCSE IMVA o TLB
INSTR A T - Instruction AHB
AHB
“ interface
T ICACHE -
IROUTE 4—,7 -
h IEXT _ -
Figure 10: ARM926EJ-S processor block diagram
Instruction sets
The processor executes three instruction sets:
n 32-bit ARM instruction set
n 16-bit Thumb instruction set
m  8-bit Java instruction set
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Instruction sets

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 77 for more information about Java.
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Working with the CPU

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 75).

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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System control processor (CP15) registers

Accessing CP15 registers

Use only MRC and MCR instructions, only in privileged mode, to access CP15 registers.
Figure 11 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

Opcg’de L CRn Rd 1111

Opcode

2 1 CRm

Cond 1|11(1]|0

Figure 11: 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 crRm 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

52

Table 17 lists the terms and abbreviations used in the CP15 registers and
explanations.

Term Abbreviation Description

UNPREDICTABLE UNP 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.

Table 17: CP15 terms and abbreviations
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Working with the CPU

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 17: CP15 terms and abbreviations

Note:

Register summary

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.

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 52).

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 52).

Register Reads Writes

0 ID code (based on opcode_2 value) Unpredictable

0 Cache type (based on opcode_2 value) Unpredictable

1 Control Control

2 Translation table base Translation table base
3 Domain access control Domain access control

Table 18: CP15 register summary
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System control processor (CP15) registers

54

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

11and 12 Reserved

Reserved

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

FCSE PID (based on opcode_2 value)
FCSE = Fast context switch extension
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 18: 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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Working with the CPU

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 19 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 19: 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, 0, 0, {0, 3-7}; returns ID
Table 20 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 20: RO: ID code
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System control processor (CP15) registers

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 105 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, c0, 1; returns cache details
Figure 12 shows the format of the cache type register. Table 21 describes the fields in
the register.

31 28 25 24 23 12

o(0]|0 Ctype S Dsize Isize

Figure 12: 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 64)
Cache lockdown: Format C (see "R9: Cache Lockdown register” on page 69)

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 NS9750.

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

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

Table 21: Cache type register field definition
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Dsize and Isize fields
The Dsize and Isize fields in the cache type register have the same format, as shown:

11 10 9

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 NS9750 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 O for the ARM926EJ-S processor.
Len Determines the line length of the cache.
m  The len field is bits [13:12] for the DCache and bits [1:0] for the ICache.
m  Line length encoding:
Len field Cache line length
10 8 words (32 bytes)
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 ZERO. Use these
instructions to read and write this register:

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

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

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

if the BIGENDINIT signal is high.
Figure 13 shows the Control register format. Table 22 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 Cl|A|M
o|z|0O

Figure 13: 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 22: R1: Control register bit definition
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Bits

[15]

Name

L4

Working with the CPU

Function

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

0 Loadsto PC set the 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

[°]

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 78.

(7]

B bit

Endianness

0 Little endian operation

1 Bigendian operation

Set to the value of BIGENDINIT on reset.

[6:3]

N/A

Reserved. SHOULD BE ONE.

[

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 22: R1: Control register bit definition
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Bits Name Function

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

Table 22: 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 23: 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].

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

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

Figure 14 shows the format of the Translation Table Base register.

31 14 13 0

Translation table base UNP/SBZ

Figure 14: 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 15.

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 15: 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.
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R4 register

R5: Fault Status registers

62

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

00
01
10
11

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

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, ¢3, c0, 0 ; read domain access permissions
MCR p15, 0, Rd, ¢3, c0, 0 ; write domain access permissions

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

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
opcode_2=1

Data Fault Status register (DFSR)

Instruction Fault Status register (IFSR)

See "Memory Management Unit (MMU)," beginning on page 78, for the fault type

encoding.

Access the FSRs using these instructions:

MRC p15, 0, Rd, ¢5, c0, 0 ; read DFSR
MCR p15, 0, Rd, c5, c0, 0 ; write DFSR
MRC p15, 0, Rd, ¢5, c0, 1 ; read IFSR
MCR p15, 0, Rd, ¢5, c0, 1 ; write IFSR
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Figure 16 shows the format of the Fault Status registers. Table 24 describes the Fault
Status register bits.

31 9 8 7 4 3 0

UNP/SBZ 0 Domain Status

Figure 16: Fault Status registers format

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 78.)

Table 24: Fault Status register bit description

Table 25 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 95 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 0p1110 Valid
Translation Section page 0b0101 Invalid

0b0111 Valid

Domain Section page 0b1001 Valid

0b1011 Valid

Permission Section page 0Ob1101 Valid

0b1111 Valid

Table 25: Fault Status register status field encoding
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Priority Source Size Status Domain
Lowest External abort Section page 0b1000 Valid
0b1010 Valid

Table 25: Fault Status register status field encoding

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, c6, c0, 0 ; read FAR
MCR p15, 0, Rd, c6, c0, 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

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 27, “R7: Cache operations,” on page 66 and "Test and clean
operations" on page 67).
Use this instruction to write to the Cache Operations register:

MCR p15, opcode_1, Rd, CRn, CRm, opcode_2
Table 26 describes the cache functions provided by register R7. Table 27 lists the
cache operation functions and associated data and instruction formats for R7.
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Function

Invalidate cache

Working with the CPU

Description

Invalidates all cache data, including any dirty data.

Invalidate single entry using either index or
modified virtual address

Invalidates a single cache line, discarding any dirty data.

Clean single data entry using either 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 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 67).

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 67).

Prefetch ICache line

Performs an I1Cache 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).

Table 26: Cache Operations register function descriptions
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Function Description

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_irg or R14_fiq 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 26: Cache Operations register function descriptions

Function/operation Data format Instruction

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

Table 27: R7: Cache operations
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operations.
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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

Tag

Set(=index)

Word

SBZ

Figure 17: R7: MVA format

Figure 18 shows the Set/Way format for Rd for the CP15 R7 MCR operations.

m  AandS 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 1 0
Way SBZ Set(=index) Word SBZ

Figure 18: 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

www.digiembedded.com

Download from Www.Somanuals.com. All Manuals Search And Download.

67



System control processor (CP15) registers

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, ri15, ¢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

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

68

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:

n 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 28 to perform TLB operations.
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Operation Data Instruction

Invalidate set-associative TLB SBZ MCR p15, 0, Rd, ¢8, ¢7,0
Invalidate single entry SBzZ MCR p15, 0, Rd, ¢8, ¢7. 1
Invalidate set-associative TLB SBZ MCR p15, 0, Rd, ¢8, ¢5, 0
Invalidate single entry MVA MCR p15, 0, Rd, ¢8, ¢5, 1
Invalidate set-associative TLB SBZ MCR p15, 0, Rd, ¢8, ¢6, 0
Invalidate single entry MVA MCR p15, 0, Rd, 8, c6, 1

Table 28: R8: Translation Lookaside Buffer operations

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 73,

for an explanation of how to preserve TLB entries.

Figure 19 shows the modified virtual address format used for invalid TLB single entry

operations.

31

10

Modified virtual address SBZ
Figure 19: 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.
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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 30, “Cache Lockdown register L bits,” on
page 71). 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.

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 29 to access the CacheLockdown register.

Function Data Instruction

Read DCache Lockdown register L bits MRC p15, 0, Rd, c9, c0, 0
Write DCache Lockdown register L bits MCR p15, 0, Rd, c9, c0, 0
Read ICache Lockdown register L bits MRC p15, 0, Rd, c9, 0, 1
Write ICache Lockdown register L bits MCR p15, 0, Rd, c9, c0, 1

Table 29: Cache Lockdown register instructions

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

MRC p15, 0, Rn, c9, c0, 1;
ORR Rn, Rn, 0x01 ;
MCR p15, 0, Rn, ¢9, ¢0, 1 ;
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This sequence sets the L bit to 1 for way 0 of the ICache. Figure 20 shows the format
for the Cache Lockdown register.

31 16 15 4 3 0

L bits
SBZ/UNP SBO (cache ways
0to 3)

Figure 20: R9: Cache Lockdown register format

Table 30 shows the format of the Cache Lockdown register L bits. All cache ways are
available for allocation from reset.

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:

0 Allocation to the cache way is determined by the standard

2 L bit f 2 .

2l bit for way replacement algorithm (reset state)

[1] L bit for way 1 1 No allocation is performed to this way
[0] L bit for way 0

Table 30: 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
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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 Be sure 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 If an ICache 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.

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:

— Ifa 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.
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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, ¢9, ¢0, 1;
BIC Rn, Rn, 0x01 ;
MCR p15, 0, Rn, ¢9, c0, 1;

R10: TLB Lockdown register

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 104, for more information).

Figure 21 shows the TLB lockdown format.

31 29 28 26 25 0

SBZ Victim SBZ/UNP P

Figure 21: 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.
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See "R8:TLB Operations register" on page 68 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.

Sample code sequence
This example shows the code sequence that locks down an entry to the current

victim.

ADR rl1,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,c10,c0,0 ; read the lockdown register

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

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

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

MRC p15,0,r0,c10,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.

74 NS9750 Hardware Reference

Download from Www.Somanuals.com. All Manuals Search And Download.



Working with the CPU

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.

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
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Figure 22 shows the format of the FCSE PID register.

31 25 24 0

FCSE PID SBZ

Figure 22: 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,c13,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.

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
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Figure 23 shows the format of the Context ID register (Rd) transferred during this
operation.

31 0

Context identifier

Figure 23: Context ID register format

R14 register

Accessing (reading or writing) this register is reserved.

R15: Test and debug register

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

Jazelle (Java)

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.
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DSP

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

Memory Management Unit (MMU)

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.

MMU Features

78

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

m  Hardware page table walks.

= Invalidate entire TLB using R8: TLB Operations register (see "R8:TLB
Operations register" on page 68).

= Invalidate TLB entry selected by MVA, using R8: TLB Operations register (see
"R8:TLB Operations register" on page 68).

m  Lockdown of TLB entries using R10: TLB Lockdown register (see "R10: TLB
Lockdown register" on page 73).

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.

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 61).

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.
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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 31 shows the CP15 registers that are used in conjunction with page table
descriptors stored in memory to determine MMU operation.

Register Bits Description

R1: Control register M, A, S, R 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 D0O).

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 32, “Priority encoding of fault status,” on page 85).

R6: Fault Address register ~ [31:0] Holds the MVA associated with the access that caused the data
abort. See Table 32, “Priority encoding of fault status,” on
page 85 for details of the address stored for each type of fault.

Table 31: MMU program-accessible CP15 registers
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Register Bits Description
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 [28:26] and 0  Enables specific page table entries to be locked into the TLB.

register 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 31: 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.

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.
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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 24 shows the format of the TTB register.

31 14 13 0

Translation table base

Figure 24: 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 25 shows the table walk process.
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Figure 25: 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 26 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 v 210
| Translation base Table index |O|0|
31 0

| First-level descriptor |

Figure 26: 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 27 shows the format of a
first-level descriptor.

A section descriptor provides the base address of a 1 MB block of memory.

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.
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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| Finepage table

Figure 27: First-level descriptor

Table 32 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 79 and "Fault Address and Fault Status
registers" on page 96 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.

[3:2] --- --- 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.

[3:2] [3:2] SHOULD BE ZERO

Table 32: Priority encoding of fault status
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Bits
Section Coarse Fine Description
[1:0] [1:0] [1:0] These bits indicate the page size and validity, and are

interpreted as shown in Table 33, “Interpreting first-level
descriptor bits [1:0],” on page 86.

Table 32: Priority encoding of fault status

Value Meaning Description

00 Invalid Generates a section translation fault.

01 Coarse page table Indicates that this is a coarse page table descriptor.
10 Section Indicates that this is a section descriptor.

11 Fine page table Indicates that this is a fine page table descriptor.

Table 33: Interpreting first-level descriptor bits [1:0]

Section descriptor
A section descriptor provides the base address of a 1 MB block of memory. Figure 28
shows the section descriptor format. Table 34 describes the section descriptor bits.

31 20 19 12 11 10 8 5 4 3 2 1 0

Section base address SBZ AP Domain 1({Cc|B|1]|O

N W0n|©

Figure 28: Section descriptor

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.

Table 34: Section descriptor bits
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Bits Description

[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 34: 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 29 shows the coarse page table descriptor format; Table 35 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(SBzZ (0|1

N T 0| ©

Figure 29: 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).

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.

Table 35: Coarse page table descriptor bits
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Bits Description

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

Table 35: 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 30 shows the format of a fine page table descriptor. Table 36 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|l sz |11

Figure 30: 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.
[1:0] Must be 11 to indicate a fine page table descriptor.

Table 36: Fine page table descriptor bits
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Translating section references

Figure 31 shows the complete section translation sequence.

31 2019 0

Table index Section index

Translation table base
31 14 13 0

Translation base

31 l 1413 v 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 31: 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
ojo 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]|O Small page
Tiny page base address AP (C|B|1]1 Tiny page

Figure 32: 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 37 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 37: 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 98 and "Fault checking sequence™ on page 99 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 38, “Interpreting page table entry bits
[1:0],” on page 91.

Table 37: Second-level descriptor bits

The two least significant bits of the second-level descriptor indicate the descriptor
type; see Table 38.

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 38: 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 33 shows the complete translation sequence for a 64 KB large page.
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31

Modified virtual address
2019 1615 1211

Table index

table index

Page index

Translation table base

31 14 13 0

Translation base

, |

1413 v 210

Translation base

Table index 0|0

.

First-level descriptor

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

.

1615

Second-level descriptor

12111098 76543210

Page base address

AP3|AP2|AP1|APO|C|B|0|1

o

1615

Physical address

A 4

Page base address

Page index

Figure 33: Large page translation from a coarse page table

Because the upper four bits of th