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FCC Class B Notice

This equipment has been tested and found to comply with the limits for a Class B digital device,
pursuant to Part 15 of the FCC rules. These limits are designed to provide reasonable protection
against harmful interference in a residential installation. This equipment generates, uses and can
radiate radio frequency energy and, if not installed and used in accordance with the instructions,
may cause harmful interference to radio communications. However, there is no guarantee that
interference will not occur in a particular installation. If this equipment does cause harmful
interference to radio or television reception, which can be determined by turning the equipment off
and on, the user is encouraged to try to correct the interference by one or more of the following
measures:

* Reorient or relocate the receiving antenna

* Increase the separation between the equipment and receiver

+ Connect the equipment into an outlet on a circuit different from that to which the
Teceiver is connected

+ Consult your supplier, or an experienced radio or television technician for help

Modifications

This equipment contains no user-serviceable parts. You are advised that unauthorized changes or
modifications to the equipment could cause it to exceed Class B limits and may void the authority
granted by the FCC to operate the equipment.

Shielded Cables

Connections between the SPARCbook and any connected peripherals mustbe made using shielded
cables to maintain compliance with FCC radio frequency emission limits.

FCC Part 68 Modem Information

This equipment complies with Part 68 of the FCC rules. On the underside of this equipment is a
label that contains, among other information, the FCC registration number and ringer equivalence
number (REN) for this equipment. If requested, this information must be provided to the telephone

company.
This equipment uses the following USOC jacks: RJ11C

The REN is used to determine the quantity of devices which may be connected to the telephone
line. Excessive RENSs on the telephone line may result in the devices not ringing in response to an
incoming call. In most, but not all areas, the sum of the RENs should not exceed five (5.0). To be
certain of the number of devices that may be connected to the line, as determined by the total RENs,
contact the telephone company to determine the maximum REN for the calling area.
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If this equipment causes harm to the telephone network, the telephone company will notify you in
advance that temporary discontinuance of service may be required. If advance notice is not
practical, the telephone company will notify the customer as soon as possible. Also, you will be
advised of your right to file a complaint with the FCC if you believe it is necessary.

The telephone company may make changes in its facilities, equipment, operations or procedures
that could affect the operation of the equipment. If this happens, the telephone company will
provide advance notice in order for you to make the necessary modifications in order to maintain
uninterrupted service.

If trouble is experienced with this equipment, please contact Tadpole Technology Inc, 8310 Capital
of Texas Highway North, Austin, Texas 78731 Tel: (512) 338 4221 for repair and/or warranty
information. If the trouble is causing harm to the telephone network, the telephone company may
request you remove the equipment from the network until the problem is resolved.

The following repairs can be done by the customer: None

This equipment cannot be used on telephone company-provided coin service. Connection to Party
Line Service is subject to state tariffs.
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authorization of Sun and its licensors, if any. mmpmductor!hepmducudepmedhaunmybepxmmedbymemmomUS or
intemational patents or pendmg pnwms. Portions of this product may be derived from the UNIX® and Bezkeley 4.3 BSD systems,
licensed from UNIX Sy ies, Inc. and the Univessity of California, respectively. Third party font software in this product
is protected by copyright md licensed from Sun’s Font Suppliers.
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INTRODUCTION
TO THE
SPARCbook TECHNICAL REFERENCE MANUAL

The SPARCbook Technical Reference Manual is published as a supplement to the SPARCbook User's
Guide to provide additional technical information. This document describes the hardware operation of
the SPARCbook notebook computer and also provides details about the resident operating system
supplied with each unit.




MANUAL STRUCTURE

The SPARCbook Technical Reference Manual is structured as follows:

* Technical Overview
Chapter 1 discusses the principle features of the SPARCbook and
introduces the reader to the main hardware devices that provide control
over the SPARCbook's operations.

¢ Architecture Overview
Chapter 2 describes the internal architecture of the SPARCbook, showing
how the major devices are connected together.

* Detailed Device Descriptions
Chapters 3 - 11 discuss in some depth the implementation of the major
hardware devices in the SPARCbook.

¢ Schematics Description
Chapter 12 provides a description of the schematic diagrams and discusses
the theory of operation.

INTENDED AUDIENCE

The SPARCbook Technical Reference Manual is aimed at the hardware engineer wishing to carry out
service or repairs, and at the software engineer wishing to implement hardware drivers.

It is assumed that the reader is familiar with the operation of SPARCbook, as detailed in the
SPARCbook User Guide, and has a basic understanding of computer hardware.

10
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CONVENTIONS USED IN THIS DOCUMENT

The reader is advised to note the following conventions employed in the SPARCbook Technical
Reference Manual.

Logic states

The terms Clear or low indicate that the signal being discussed is at the logic level ‘0,
The terms Set or high indicate that the signal being discussed is at the logic level '1'.

The term Asserted indicates that a signal is in its true or active state regardless of
whether that state is high or low.

The term Negated indicates that a signal is in its false or inactive state regardless of
whether that state is high or low.

Data Length Definitions

A Halfword is taken to contain 16 bits.
A word is taken to contain 32 bits.

A doubleword is taken to contain 64 bits

11
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'CHAPTER ONE
OVERVIEW

The SPARCbook provides in a compact notebook format many of the advanced features and high
performance normally associated with desktop workstations. Low power consumption and compact-
ness have been achieved by the use of highly integrated components without compromising either the
functionality or performance of the SPARCbook.

The SPARCbook is housed in a magnesium alloy case measuring 11.8" x 8.5" x 1.9", and weighs
6.81bs, including batteries and peripherals.

The SPARCbook’s standard features include a 640 x 480 pixel color or monochrome liquid crystal
display, an 82-key keyboard, a 3.5" floppy disk drive, an IDE hard disk drive, and Modem, Ethernet,
Centronics and serial interfaces. A second hard disk drive is available as an option, when it is fitted in
substitution for the floppy disk drive.

All of the major integrated circuit components are carried on a single printed circuit board, using the
latest surface mount technology and avoiding the need for space consuming and power hungry
expansion cards. The use of components with low power demand and the SPARCbook’s advanced
power management facilities allow the SPARCbook to be used continuously for 2.5 hours or more
when powered from the battery.

13



CENTRAL PROCESSOR

Processing power in the SPARCbook is provided by the Cypress CY7C600 implementation of the
Scalable Processor Architecture (SPARC) RISC microprocessor. The Cypress CY7C600 is a chip set
which comprises the following:

« Integer Unit (IU)

* Cache Controller and Memory Management Unit (CMU)
» Optional Floating Point Unit (FPU)

64Kbytes zero wait state Cache

The IU is the basic processing engine which executes all of the instruction set except for floating point
instructions which are performed by the FPU when it is fitted. The CMU provides memory manage-
ment and address translation facilities between the SPARC virtual bus and the main system bus. Two
CY7C157 SRAM devices provide 64Kbytes of fast cache memory resident on the SPARC virtual bus.

The SPARC CPU is a RISC (reduced instruction set computer) based processor. It uses a simplified
range of commands to carry out operations, enabling most instructions to execute within a single clock
cycle.

Conventional processors tend to use large and complex instruction sets, taking several clock cycles to
perform each instruction. Many of the instructions available to this type of processor are rarely if ever
used, a fact that has led to the development of RISC processor concepts.

The already high performance of the SPARC CPU is further enhanced by the ability of FPU to
execute instructions simultaneously with the IU, and by the provision of cache memory. The Cache
memory is specialized area of fast (zero wait state) memory which allows many instructions and
operands to be fetched locally by the CPU without it having to access the comparatively slow main
memory.

MAIN MEMORY

The SPARCbook is built using either 4Mbit or 16Mbit DRAM devices to provide 8 or 32Mbytes of
DRAM. The main memory provides a 64-bit wide bus interface designed specifically to support burst
cycles by the CPU.

14
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The memory management unit maintains entries in cache memory called cache lines, each one a 256
bits wide copy of a similar sized area of main memory. When the IU requires data that is not present
in the cache, the MMU copies the new data from main memory to cache memory using burst cycles of
four 64-bit reads (see Chapter Three).

Using burst transfers, the memory interface is capable of a transfer rate of 72Mbyte/s. While using
random access a transfer rate of 40Mbyte/s is achieved. Both rates are at a 25MHz processor clock

speed.

The main memory also features software selectable parity protection.

DISPLAY

The SPARCbook is equipped with a 640 x 480 pixel color or monochrome liquid crystal flat panel
display. Both types are side-lit by a cold fluorescent lamp, which can be controlled to vary the screen
brightness. Reducing the brightness of the sidelight reduces the power consumption, prolonging
battery life.

The display is controlled by a GD6410 VGA compatible display controller made by Cirrus Logic.
This provides control for a monochrome LCD display and for an external color CRT display. Both
displays may be used simultaneously. Advanced grey scale control by the GD6410 provides quality
grey scale rendering of color images for clear display on the LCD.

In the color SPARCbook, a GD6340 color LCD controller provides the additional control required for
the color LCD display. The color model is able to display 16 colors simultaneously from a palette of
262144,

The SPARCbook supports three display modes:

* Mode 1 - Inbuilt LCD only
* Mode 2 - Simultaneous LCD and standard VGA 640 x 480 Color monitor

* Mode 3 - Extended VGA 800 x 600 external high resolution only

Both color and monochrome models of the SPARCbook are able to display an image in 16 colors on
the external monitor. They are both able to display the same image simultaneously on the LCD and
external CRT when in mode 2.

Mode 3 allows the SPARCbook to display an image on an external high resolution monitor, but turns
the inbuilt LCD screen off. This mode requires the use of a multisync monitor.

15



UNIVERSAL PERIPHERAL CONTROLLER

One of the highly integrated devices used in the SPARCbook to achieve its compact size is the
82C710 Universal Peripheral Controller (UPC) manufactured by Chips and Technologies Inc. This
single device provides the following:

« Hard Disk Control

* Floppy Disk Control

 Centronics Interfacing

« External Mouse/Keyboard Interfacing
+ RS232 Serial Interfacing

Floppy Disk Control
The UPC provides control for one or two IDE (Integrated Drive Electronics) PC/AT compatible hard
disk drives. It provides a complete electronic interface, and control of a 16-bit data buffer.

Floppy Disk Control

Single hard disk versions of the SPARCbook contain a 3.5" floppy disk drive. The UPC provides an
NEC765 compatible command set for control of the drive, and the SPARCbook's operating system
allows 720Kbyte and 1.4Mbyte SUN and DOS format disks to be read and written.

Centronics Interface
The UPC provides control and data buffering for the parallel interface which appears on the rear panel
of the SPARCbook. This interface supports connection to a printer with a Centronics interface.

External Mouse/Keyboard Interface

The UPC provides data buffering and control over a serial interface. This interface supports the
connection of an external mouse or keyboard and appears via a 6-way mini DIN socket on the rear
panel. This interface operates with TTL signal levels and does not allow the connection of RS232
devices.

RS232 Serial Interface
In addition to the TTL serial interface, the UPC provides data buffering and control over an RS232
serial interface.

16
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MICROCONTROLLER SUBSYSTEM

An 87CS51 microcontroller provides control over the in-built keyboard, the bit I/O interface and the
power management functions.

The bit I/O interface enables aspects of the SPARCbook’s functionality to be controlled in software
using keyboard commands. The microcontroller interprets certain special characters from the key-
board as being commands, and carries out system configuration changes accordingly. This includes
display screen brightness and contrast.

The bit I/O interface also controls the LEDs next to the display in order to convey machine status
information to the user.

The power management function maintains a constant check on the condition of the supply voltages,
and provides early warning when the battery requires recharging. Recharging is carried an in-built
power supply unit and battery charger when the SPARCbook is connected to an external electricity
supply.

The microcontroller also provides control over the Mousekey.

ETHERNET INTERFACE

The SPARCbook is equipped with an IEEE802.3 compliant Ethernet interface controlled by a 86960
Network Interface Controller with Encoder (NICE) from Fujitsu. This provides complete control over
the network interface.

The NICE has direct control over a 64Kbyte area of SRAM in which it maintains receive and transmit
buffers. The host is able write data into the transmit buffer and read data of the receive buffer via
port in the NICE's address space. The NICE is able to carry out network operations with minimal
demand on the CPU, and an integral driver and receiver interfaces directly to the 15-way D-type
socket at the rear of the unit.

17



MODEM

The SPARCbook’s modem interface is implemented with chipset comprising a Sierra SC11075
Modem Access Controller (MAC) and SC11054. The SC11075 provides a direct interface between
the host system and SC11054 modem; it incorporates an Intel 8096 equivalent processor core, sup-
porting an AT command set; it contains a built-in 16C450 equivalent UART; and it contains 16Kbytes
of on-chip ROM and 320bytes of RAM.

The SC11054 is a complete 2400bps (bits per second) modem IC which, when combined with the
SC11075, provides Sendfax capability up to 9600bps.

The modem interface can be controlled completely using Hayes compatible commands written to the
UART section of the MAC. Commands are sent to the interface using character strings, and these are
interpreted by the MAC’s in-built processor core and acted on appropriately.

Command characters and data for transmission onto the telephone line are written into the UART’s
transmit buffer. Data received from the telephone line and status information from the MAC can be
read from the UART’s receive buffer.

REAL TIME CLOCK AND EPROM

Many of the background operations of the SPARCbook, such as system startup and battery condition
monitoring, are controlled by the Tadpole resident firmware monitor. This is a body of software (most
often referred to as firmware) that is permanently stored in an EPROM and is not erased when the
machine is without power.

A 48T02 provides a battery backed real time clock and non-volatile RAM. This provides ti_me 9f day
clock and calendar functions and a 2Kbyte area of RAM which retains data when the board is without
power.

A 1Mbit serially accessed EEPROM is used by the resident firmware to store the SPARQbook’s
Ethernet address and manufacturing information. The EEPROM is accessible via the microcontroller.

18
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SPARCbook TECHNICAL SPECIFICATION

* Processor and Memory
Processor
Cache Controller/MMU
Cache
FPU (optional)
DRAM (standard)
DRAM (-E models)

+ Components

EPROM 128Kbytes - 1Mbyte
SERIAL UPC
MISC MK48T02

NMC93C46

NETWORK Fujitsu NICE Controller

DISK 82C710 UPC Controller

e J/O Interfaces
Ethernet

Centronics

Mouse/Keyboard

Modem

25MHz CY601 Integer Unit

25MHz CY604 CMU

64Kbyte direct mapped virtual cache
25MHz CY602 Floating Point Unit
8Mbytes with byte parity

32Mbytes with byte parity

One 8-bit 32-pin JEDEC socket

One asynchronous RS232 port
TxD, RxD, CTS, RTS, DCD,
DTR, DSR, RING

RTC/2Kbyte DRAM with battery backup
1Kbit EEPROM

IEEE802.3 interface with local buffer memory

Two IDE disks supported
Floppy disk controller

IEEE802.3 compliant

15-pin D-type AUI interface with slidelock
IBM PS/2 compatible interface

36-pin miniature D-type with cable to 25-pin
D-type socket

IBM PS/2 compatible (TTL)

6-pin mini-DIN socket

2400baud data and 9600baud SendFax
FCC Part 68 compliant, 0.3 REN

V.29, V.27ter, V.22bis, V.22, V.21

Bell 212A, Bell 103 standards

RJ11 jack socket

19



VGA 640x480 25.057MHz dot clock
800x600 36.242MHz dot clock (external monitor)
15-pin PS/2 compatible D-type connector

Serial 110 to 38400baud
9-pin mini-DIN connector

* Peripherals
Winchester disk 85Mbyte formatted IDE interface or 125Mbyte

formatted IDE interface, depending upon model
One or two drives per system
Maximum transfer rate 8Mbyte/s buffer to memory
Maximum sustained transfer rate 1.8Mbyte/s

Floppy disk 720Kbyte/1.44Mbyte formatted 3.5" floppy disk
drive
Fitted in single Winchester disk models

» Display
Monochrome 640x480 VGA paper-white display side-lit
Displays 16 gray scales from 64
Color (-C models) 640x480 VGA color STN display side-lit
Displays 16 colors from 256

* Keyboard 82-key notebook style with integral Mousekey
based upon Force Sensitive Resistor (FSR) tech-
nology

* LEDs

External DC supply connected
Hard disk active

User controlled indicator
Battery low/exhausted indicator

* (Case and Emissions

Magnesium alloy AZ91 castings
SPARCbook is certified to FCC Part 15 Class B

20
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Power Supply
Internal

External

Physical
Dimensions
Weight (with battery)
(without battery)

Environmental
Temperature (operational)
(storage)
Vibration (operational)
(storage)
Shock (operating)
(storage)
Humidity (operating)

Operating System
SunSoft Solaris 1.01
Comprising

Switched mode PSU with battery charge and
charge detection

facilities

Universal input 110V-240V AC

Output 18V 0-3.1A DC

11.8" x 8.5" x 1.95"
6.81b/7.01b (monochrome/color)
5.21b/5.41b (monochrome/color)

5-40 degrees Celsius
-20 - 60 degrees Celsius
5-100Hz 0.25G
5-100Hz 1.2G

4G

50G

8-80% relative humidity

SPARCbook Version A

SunOS 4.1.2 sun4m architecture

OpenWindows V3

SPARCbook utilities

Meets SPARC Compliance Definition (SCD) 1.1
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SPARCbook DETAILED ADDRESS MAP

This section provides a detailed address map for the SPARCbook. Please note the meanings of the

following abbreviations used in the address map. All addresses are shown in hexadecimal.

R/W: R =read, W = Write

SIZE: b = byte, h= halfword (16-bits), w= word (32-bits), d = doubleword (64-bits)

DRAM
ADDRESS DEVICE or REGISTER RW SIZE
000000000 - C007FFFFF DRAM (8Mbyte) R/W b/h/w/d
000000000 - 001 FFFFFF DRAM (32Mbyte) R/W b/h/w/d

Display Controller

00C000000 - 00CCFFFFF
00C0003B4
00C0003B5
00C0003C0

00C0003C1
00C0003C2

00C0003C3
00C0003C4
00C0003C5
00C0003C6
00C0003C7

00C0003C8
00C0003C9
00C0003CA
00C0003CC
00CO0003CE
00CO003CF
00C0003D4
00C0003D5
00C0003DA

00C0046E8

CL-GD6410/CL-GD6340t . 7 11 U‘gf‘lo_ 7 s e

CRTC Index MP (o[l
CRTC Data MP

Attribute Controller Index

Data

Attribute Controller Data

Misc Output

Feature

Motherboard Sleep Address

Sequencer

Sequencer

RAMDAC Pixel Mask

RAMDAC Address — Read Mode
RAMDAC Status Register

RAMDAC Address — Write Mode
RAMDAC Data

Feature Control

Misc Output

Graphics Controller and Extensions Index
Graphics Controller and Extensions Data
CRTC Index

CRTC Data

Feature Control

Display Status

AT Adapter Sleep Address

E- DI T

(= 2= - g~ i - i p- g~ > i~ i~ g g MG S~ S~ S - A~ o~ - g - o - o -

R/W

E

RW
w
R

R/W

Note ¥ CL-GD6340 only present in color models. It contains RAMDAC registers shadow mapped over
similar CL-GD6410 registers.
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Ethernet Controller
ADDRESS DEVICE or REGISTER SIZE
00C200000 - 00CFFFFF Fujitsu 86960 NICE
00C200000 Transmit Status b
00C200001 Receive Status b
00C200002 Transmit Interrupt Mask b
00C200003 Receive Interrupt Mask b
00C200004 Transmit Mode b
00C200005 Receive Mode b
00C200006 Control Register 1 b
00C200007 Control Register 2 b
00C200008 Node ID (Register Bank 0) b
Mask Address (Register Bank 1) b
Buffer Memory Port (Register Bank 2) h
00C200009 Node ID (Register Bank 0) b
Mask Address (Register Bank 1) b
00C20000A Node ID (Register Bank 0) b
Mask Address (Register Bank 1) b
Transmit packet Control 1 (Register Bank 2) b
00C20000B Node ID (Register Bank 0) b
Mask Address (Register Bank 1) b
Transmit packet Control 2 (Register Bank 2) b
00C20000C Node ID (Register Bank 0) b
Mask Address (Register Bank 1) b
DMA Enable (Register Bank 2) b
00C20000D Node ID (Register Bank 0) b
Mask Address (Register Bank 1) b
DMA Burst Control (Register Bank 2) b
00C20000E TDR (LSB) (Register Bank 0) b
Mask Address (Register Bank 1) b
Receive Buffer Pointer (Register Bank 2) b
00C20000F TDR (MSB) (Register Bank 0) b
Mask Address (Register Bank 1) b

Note: Register Bank 0, 1 and 2 are selected using bits 2 and 3 of Control Register 2

23



Modem Interface
ADDRESS DEVICE or REGISTER R/W SIZE
00C400000 - 00C4FFFFF Sierra SC11075 — UART Registers
00C400000 Receive Buffer R b
Transmit Buffer w b
Divisor Latch (LSB)t R/W b
00C400001 Interrupt Enable R/W b
Divisor Latch (MSB) RW b
00C400002 Interrupt ID R b
00C400003 Line Control R/W b
00C400004 Modem Control R/W b
00C400005 Line Status R/W b
00C400006 Modem Status R/W b
00C400007 Scratch Pad R/W b

Note: ¥ The divisor latch can be accessed only when bit 7 of the Line Control Register is set.

Real Time Clock /| SRAM
00C600000 - 00CTFFFFF MK48T02
00C600000 SRAM R/W bm/w/d
00C6007F8 Calibration R/W b
00C6007F9 Seconds R/W b
00C6007FA Minutes R/W b
00C6007FB Hours R/W b
00C6007FC Day R/W b
00C6007FD Date R/W b
00C6007FE Month R/W b
00C6007FF Year R/W b
16-Bit 1/0 Region — Hard Disk Data Interface
00C800000 - 00CBFFFFF
00C8001F0 IDE - Hard Disk Data Interface R/W h

24
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8-Bit I/0 Region — UPC Associated Interfaces

ADDRESS

00CCO00000 - 00CEFFFFF
00CCO001F1
00CC001F2
00CC001F3
00CCO001F4
00CCO01F5
00CCO001F6
00CCO001F7

00CCO003F6

00CC00310
00CC00311

00CC00330
00CC00331
00CC00332

00CC00390
00CC00391

00CCO003F2
00CCO003F4
00CCO003F5
00CCO03F7

00CCO003F8

00CCO003F9

00CCO03FA
00CCO03FB
00CCO03FC
00CCO003FD
00CCO03FE
00CCOO03FF

DEVICE or REGISTER

82C710 Universal Perpheral Controller

IDE - Error Register

IDE - Sector Count

IDE - Sector Number

IDE - Cylinder Low

IDE - Cylinder High

IDE - Drive/Head Register
IDE - Status Register

IDE - Command Register
IDE - Alternate Status
IDE - Fixed Disk Register

Mouse Port - Data Register
Mouse Port — Status/Control Register

Parallel Port — Data Register
Parallel Port - Status Register
Parallel Port — Command Register

UPC Configuration Index
UPC Configuration data

Floppy I/F — Digital O/P Register
Floppy I/F — Main Satus Register
Floppy I/F — Data Register

Floppy I/F — Data Rate

Floppy I/F - Digital Input Register

UART - Receive Buffe

UART - Transmit Buffer

UART - Baud Rate Divisor (LSB)t
UART - Interrupt Enable Register
UART - Baud Rate Divisor (MSB)t
UART - Interrupt Flag Register
UART - Byte Format Register
UART - Modem Control Register
UART - Line Status Register
UART - Modem Status Register
UART - Scratch Pad

g

$E2EEEEEETT TTETT §F fTg g§ SUUUEREEYT

SIZE

coococo oo oo o

o oo o o

o o

cooocag

coooovcoocoTooca

Note: + The Baud Rate Divisor Registers can only be accessed when bit 7 of the Byte Control Register is set.
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MPI ASIC
ADDRESS DEVICE or REGISTER R/W SIZE
00D00000 — 00DFFFFFF Mbus to Pbus Interface Controller
00D000000 Mbus Error Status R b
00D000010 Set Count CTO R/W w
00D000018 Current Count CT0 R w
00D000020 Control CTO R/W b
00D000028 Set Count CT1 R/W w
00D000030 Current Count CT1 R w
00D000038 Control CT1 R/W b
00D000050 Interrupt Pending R w
00D000058 Interrupt Polarity R/W w
00D000060 Interrupt Enable R/W w
00D000068 Interrupt Acknowledge w w
00D000070 Serial Receive Port R b
00D000088 Serial Receive Status R b
00D0000%0 Serial Transmit Port w b
00D000098 Serial Transmit Data w b
00D0000AO Reset R/W b
00D0000AS Clock Control R/W b
00D0000BS Power Down w b
00D0000CO FIFO Start Address R./W w
00D0000CS8 FIFO Control R/W w
00DO00OFS FIFO Data R/W d

R/W: R =read, W = Write

SIZE: b = byte, h = halfword (16-bits), w = word (32-bits), d = doubleword (64-bits)

26
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CHAPTER TWO
ARCHITECTURE

One of the factors that contributes to the compactness of the SPARCbook is that at its heart is a single
board of less than 12 square inches, the Base Board. This one board carries the processor module,
provides 8 or 32Mbytes of memory and provides all of the control required for the display, keyboard,
disks and interfaces.

This section provides a brief description of the architecture of the SPARCbook. Figure 2-1 shows
how the main components connect together.

Power Supply Unit
and Batery Charger
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BUS STRUCTURE

It will be seen from Figure 2-1 that the SPARCbook is based on a dual bus architecture, with the
SPARC CPU and DRAM connected to a fast 64-bit bus, called the Mbus, and the I/O devices con-
nected to a 16-bit peripheral bus called the Pbus.

The SPARC processor is the only Mbus master device and is able to access all locations in DRAM,
and locations on the Pbus via the MPL.

As described in the previous chapter, the SPARC CPU comprises the integer unit, floating point unit
and the combined memory management unit and cache controller. These communicate via a private
address bus which remains local to the SPARC chipset. This consists of a 32-bit address bus, an 8-bit
address space identifier bus, and a 32-bit data bus. The IU uses logical (or virtual) addresses as labels
to identify locations in its address space. The memory management unit translates the virtual ad-
dresses used on this bus into physical addresses used on the M-bus.

Mbus

The Mbus is an address and data multiplexed bus, which means that some of the wires are used to
carry both address information and data, though at different times. The time when address information
is on the bus is the address phase, and the time when data is on the bus is the data phase. In a SPARC
based environment, a bus cycle consists of an address phase followed by one data phase for single
access cycle, or an address phase and four data phases for a burst cycle.

The memory management unit produces a physical address on Mbus(35:0) and, during the address
phase of the Mbus, provides bus control information on Mbus(45:36). The whole bus, Mbus(63:0), is
used to transfer data during the data phase.

Pbus

The Pbus is a 16-bit PC-AT style bus which supports the on-board I/O devices. It consists of 16 data
lines, PD(15:0), and 19 address lines, PA(18:0). The CPU addresses and exchanges data with the disk,
Ethernet , modem and serial interfaces and the EPROM and RTC using the Pbus.

28

— 1 1 /]




— [ [

— - =

[

L [

L

Mbus - Pbus Interface

The gateway between the Mbus and Pbus is provided by the Mbus to Pbus Interface controller (MPI),
a Tadpole Technology designed custom ASIC (Applications Specific Integrated Circuit).

The MPI provides an internal 512byte bidirectional FIFO, address decode facilities for the Pbus,
interrupt support and two internal counter/timers. It provides a byte packing interface which converts
between 8-, 16-, 32- and 64-bit accesses used on the Mbus, and 8- and 16-bit accesses used on the
peripheral bus. This allows the two buses to operate at their optimum speed.

The MPI provides two data paths between the Mbus and Pbus.. The first path provides direct access
by the CPU to the Pbus devices, and the second path is via the MPI’s internal 512byte FIFO. The MPI
also provides DMA support for floppy disk operations.

In addition to providing an interface between the Mbus and Pbus, the MPI contains a fifteen level
interrupt controller and two 16-bit counter/timers. The interrupt controller section is used to consoli-
date the large number of interrupt requests from devices within the SPARCbook, and from the FIFO
controller and counter/timers within the MPL. Interrupt controller provides the CPU with a code
which identifies a pending interrupt, and allows individual interrupts to be masked
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CHAPTER THREE
THE SPARC CPU MODULE

The SPARC CPU module comprises the CY7C601A integer unit (IU), the CY7C602A floating point
unit (FPU), and the CY7C604A cache controller and memory management unit (CMU). In the
SPARCbook implementation, these are carried on a small module along with two CY7C157A cache
storage units (CSU).

The devices on the SPARCbook CPU module are connected together via a 32-bit virtual address bus
and a 32-bit data bus. The CMU provides an interface between this bus and the Mbus. The Mbus is a
SPARC architecture standard 64-bit multiplexed address and data bus that provides the SPARCbook
with a high bandwidth data path between the CMU and main memory. The CMU performs address
translations between these buses and provides memory management and cache control functions. The
two CY7C157A SRAMs provide 64Kbytes of zero wait-state cache memory.

CY7C601 CY7C602
Integer Unit Floating Point
Unit
AQGL:0) D(31:0) A(31:0) D(31:0)

A(152)

CY7C604A
Cache Controller/
Memory management
Unit

2xCYTCISTA
64Kbyte
Cache

MADX(63:0) — Physical Bus A
ST TOTOTOTOTOTOTOTOTTOTOTOTOTOTOTOTOTOTOTTE

Figure 3-1 The SPARC CPU Module
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CY7C601A INTEGER UNIT

The IU is the main processing engine that executes all of the instruction set except for floating point
operations.

Instructions Overview

The CY7C600 architecture supports 62 integer instructions which fall into the following basic catego-
ries:

. Load and Store Instructions

. Arithmetic, Logical and Shift Instructions
. Control Transfer Instructions

. Read/Write Control Registers Instructions

The load and store instructions are the only instructions which cause the movement of data on the
Mbus. They use two registers, or a register and a constant, to calculate the memory address involved.
Halfword accesses must be aligned on 2-byte boundaries, word accesses on 4-byte boundaries, and
doubleword accesses on 8-byte boundaries. These alignment restrictions greatly speed up memory
access.

The arithmetic, logical and shift instructions compute a result that is a function of one or two source
operands and then place the result non-destructively in a register. They perform arithmetic, logical, or
shift operations. :

The control transfer instruction category includes jumps, calls, traps, and branches. Control transfers
are usually delayed until after execution of the next instructions so that the pipeline is not emptied
every time a control transfer occurs, allowing compilers to be optimized for delayed branching.

The read/write control register instructions include instructions to read and write the contents of
various control registers. Generally the source or destination is implied by the instructions.

In addition to the instruction types within the categories listed above, there are Floating Point instruc-
tions executed by the FPU.

Table 3-1 provides a summary of the IU instruction set.
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INPUTS OPERATION

Load and Store Instructions

LDSB(LDSBA¥*) Load Signed Byte (from Alternate Space)
LDSH(LDSHA*) Load Signed Halfword (from Alternate Space)
LDUB(LDUBA¥*) Load Unsigned Byte (from Alternate Space)
LDUH(LDUHA¥*) Load Unsigned Halfword (from Alternate Space)
LD(LDA¥*) Load Word (from Alternate Space)
LDD(LDDA¥*) Load Doubleword (from Alternate Space)
LDF Load Floating Point

LDDF Load Double Floating Point

LDDFSR Load Floating Point Status Register

LDC Load Coprocessor

LDDC Load Double Coprocessor

LDDCSR Load Coprocessor Status Register

STB(STBA¥*) Store Byte (In Alternate Space)
STH(STHA¥*) Store Halfword (In Alternate Space)
ST(STA*) Store Word (In Alternate Space)
STD(STDA¥*) Store Doubleword (In Alternate Space)
STF Store Floating Point

STDF Store Double Floating Point

STFSR Store Floating Point Status Register

STDFQ* Store Double Floating Point Queue

STC Store Coprocessor

STDC Store Double Coprocessor

STCSR Store Coprocessor Status Register

STDCQ* Store Double Coprocessor Queue

LDSTUB(LDSTUBA*) Atomic Load/Store Unsigned Byte  (In Alternate Space)
SWAP(SWAPA*) Swap r Register With Memory (In Alternate Space)
Arithmetic, Logical and Shift

ADD(ADDcc) Add (Modify icc)
ADDX(ADDXcc) Add With Carry (Modify icc)
TADD(TADDccTV) Tagged Add and Modify icc (and Trap on Overflow)
MULScc Multiply Step and Modify icc

AND(ANDcc) AND (Modify icc)
ANDN(ANDNCcc) AND NOT (Modify icc)
OR(ORcc) OR (Modify icc)
ORN(ORNcc) OR NOT (Modify icc)
XOR(XORcc) Exclusive OR (Modify icc)
XNOR(XNORcc) Exclusive NOR (Modify icc)

SLL Shift Left Logical

SRL Shift Right Logical

SRA Shift Right Arithmetic

SETHI Set High 22 Bits of r Register

SAVE Save Caller’s Window

RESTORE Restore Caller’s Window
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INPUTS OPERATION

Control Transfer

Bicc Branch on Integer Condition Codes

FBicc Branch on Floating Point Condition Codes
CBccc Branch on Coprocessor Condidition Codes
CALL Call

JMPL Jump and Link

RETT Return from Trap

Ticc Trap on Integer Condition Codes

Read/Write Control Registers

RDY Read Y Register

RDPSR Read Processor State Register
RDWIM Read Window Invalid Mask
RDTBR Read Trap Base Register
WRY Write Y Register

WRPSR* Write Processor State Register
WRWIM* Write Window Invalid Mask
WRTBR* Write Trap Base Register
UNIMP Unimplemented Instruction
IFLUSH Instruction Cache Flush

FP and Coprocessor Ops

FPop Floating Point Operations
CPop Coprocessor Operations

* Privileged instuctions

Table 3-1 Instruction Set Summary

CY7C601A Internal Registers

The IU contains two types of registers, working registers (or r registers) and control registers. The r
registers are used for storage by processes and the control registers are used to track and control the
state of the IU. The r registers are contained within a large register file containing one hundred and

thirty-six 32-bit registers. Eight of these are global registers and are always accessible to a program,
and the remaining registers are accessed via register windows.

Figure 3-2 shows the register window organization
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The register file contains eight register windows, and each window contains twenty-four working
registers. Each register window is divided into three sections called ins, outs, and locals. There are
eight registers in each of these sections. A window shares its ins and outs with adjacent windows.
The outs of the previous window are the ins of the current window, and the outs of the current window
are the ins of the next window. The windows are joined together in a circular stack where the outs of
the last window are the ins of the first window.

A current window pointer (CWP) in the processor state register keeps track of which window is
currently active. The CWP is decremented when the program calls a subroutine that causes the
processor to access to the next window, and is incremented when the processor returns to the previous
window.

Register windows may be marked as invalid in the WIM register, and interrupts may be enabled to
signal when movement into an invalid window is caused by an instruction.

Previous Window

r31

: INS
124

23

qg LOCALS Current Window

s e ———

: OUTS

r8

Next Window
INS
LOCALS
OUTS

Figure 3-2 Window Register Organization
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Control Registers
These include the Processor State Register, the Window Invalid Mask Register, the Trap Base Regis-
ter, the Y Register, illustrated in Figure 3-3, and the Program Counter.

Processor Status i
Regi imp I ver ICC

Trap Base
Register

31 28 27 2% 23 20 19 14 13 1211 87 65 4 0
P [slpsfer] cwe |

0
[ 1]

31 1211 43210
| Trap Base Address | Trap Type [T 111

Figure 3-3 IU Control Registers

The Processor Status Register (PSR) contains a number of fields that control the processor and hold
status information. The PSR is modified by SAVE, RESTORE, Ticc and RETT instructions, and also
by all instructions that modify the condition codes. The privileged instructions RDPSR and WRPSR

read and write the PSR directly.

Bits 31:28  impl - identifies the implementation of the IU

Bits 27:24  ver - identifies the version number of the IU

Bits 23:20  icc—contains the IU’s condition code and are set by the conditions occurring during integer logic and
arithmetic operations:
Bit 23 = Negative flag
Bit 22 = Zero flag
Bit 21 = Overflow flag
Bit 20 = Carry

Bits 19:14  Reserved

Bit 13 EC - Enable Coprocessor. This feature should remain disabled
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Bit 12 EF - Enable Floating Point Unit. This bit enables the FPU. An FP instruction will trap if the EF =
0, or if an FPU is not fitted.

Bits 11:8 PIL - identifies the interrupt levels in operation. The IU will only accept interrupts whose level is
greater than the contents of this field.

Bit7 S - Supervisor. This bit determines whether the processor is in supervisor or user mode. S = 1 selects
supervisor mode.

Bit6 PS — Previous Supervisor. This bit indicates the value of the S bit at the time of the most recent trap.

Bit5 ET - Enable Traps. This bit determines whether traps are enabled. A trap automatically resets ET.
When ET = 0, an interrupt request is ignored and an execution trap causes the IU to halt execution,

typically resulting in a reset trap.

Bits 4:0 CWP - Current Window Pointer. This field identifies the current window into the r registers.
Hardware decrements the pointer when traps are encountered and on SAVE instructions. The pointer
is incremented on RESTORE and RETT instructions

Window Invalid Mask Register
The Window Invalid Mask Register (WIM) allows windows to be marked as invalid in the WIM
register. Movement into an invalid window caused by a SAVE, RESTORE or RETT instruction will

cause a window overflow or underflow interrupt to be generated.

Trap Base Register
The Trap Base Register contains three fields that generate the address of the trap handler when a trap

occurs.
Bits 31:12  Trap Base Address. This contains the most significant 20 bits of the trap table address.

Bits 11:4 Trap Type. This field is written by hardware at the time of a trap. It provides an offset into the trap
table.

Bits 3:0 Reserved - Should always be written as zeros.

Y Register
The Y Register is used to store the partial product during multi-step instructions.

Program Counter
The Program Counter (PC) contains the address of the instruction being executed. The next Program

Counter contains the address of the next instruction to be executed.
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Traps and Interrupts

The CY7C600 design supports a full set of traps and interrupts. They are handled by a table that
supports 128 hardware and 128 software traps. Even though floating-point instructions can execute
concurrently with integer instructions, floating-point traps are precise because the FPU supplies (from
the table) the address of the instruction that failed.

The IU supports both asynchronous traps (interrupts) and synchronous traps (error conditions and trap
instructions). Traps transfer control to an offset within the trap table. The base address of the table is
specified by the Trap Base Register and the offset is a function of the trap type. Traps are taken
before the current instruction causes any changes visible to the programmer and can therefore be
considered to occur between instructions.

Table 3-2 shows priority levels of the exceptions and traps.

Interrupts from the peripheral devices within the SPARCbook are controlled and prioritized by the
Mbus to Pbus interface (MPI) ASIC (see Chapter 5).

Memory Protection

The CY7C600 design provides memory protection, which is essential for smooth multitasking
operation. Memory protection makes it impossible for user programs to corrupt the system, other user
programs, or themselves.

The IU supports a multitasking operation system by providing user and supervisor modes. Some-+
instructions are privileged and can only be executed while the processor is in supervisor mode.
Changing from user to supervisor mode requires taking a hardware interrupt or executing a trap
instruction. This instruction execution protection ensures that user programs cannot accidentally alter
the state of the machine with respect to its peripherals.
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TRAP PRIORITY OFFSET
Reset 1 7?
Instruction access exception 2 0x01
Illegal Instruction 3 0x02
Privileged Instruction 4 0x03
FP Disabled 5 0x04
CP Disabled 5 0x24
Window Overflow 6 0x05
Window Underflow 7 0x06
Unaligned Memory Address 8 0x07
FP Exception 9 0x08
CP Exception 9 0x28
Data Access Exception 10 0x09
Tag Overflow 11 0x0A
Trap Instruction 12 0x80 OxFF
Interrupt Level 15 — Microcontroller/Floppy Disk 13 Ox1F
Interrupt Level 14 — Battery Power Low 14 Ox1E
Interrupt Level 13 — MPI (Counter/timer 0) 15 0x1D
Interrupt Level 12 — MPI (Counter/timer 1) 16 0x1C
Interrupt Level 11 — MPI (Keyboard buffer) 17 0x1B
Interrupt Level 10 — Mouse 18 Ox1A
Interrupt Level 9 — Serial Port 19 0x19
Interrupt Level 8 - Modem 20 0x18
Interrupt Level 7 — Ethernet Interface 21 0x17
Interrupt Level 6 - VGA Controller 22 0x16
Interrupt Level 5 — Hard Disk Interface 23 0x15
Interrupt Level 4 — MPI (FIFO Full/Empty) 24 Ox14
Interrupt Level 3 — MPI (FIFO Op Complete) 25 0x13
Interrupt Level 2 — Microcontroller/Floppy Disk 26 0x12
Interrupt Level 1 — Centronics Interface 27 0x11
Implementation Dependent Exceptions Dependent 0x60 - 7F

Table 3-2 Trap Table
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FLOATING POINT UNIT

The FPU provides high-performance, [IEEE STD-754 compatible single- and double-precision
floating-point calculations for CY7C600 systems and is designed to operate concurrently with the IU.
All address and control signals for memory accesses by the FPU are supplied by the IU.

Overview

The IU and FPU are able to execute instructions simultaneously. The FPU performs all floating-point
calculations with its own set of registers and arithmetic and logic unit.

Floating-point instructions are addressed by the IU, and are simultaneously latched from the data bus
by both it and the FPU. Floating-point instructions are concurrently decoded by the IU and the FPU,
but do not begin executing in the FPU until after the instruction is enabled by a signal from the IU.
Pending and currently executing FP instructions are placed in an on-chip queue while the IU continues
to execute non-floating-point instructions.

Floating Point Registers

The FPU contains thirty-two 32-bit floating-point F registers. These form a 32 x 32-bit register file.
The contents of these registers are transferred to and from external memory under control of the IU
using floating-point load/store instructions. Addresses and control signals for data accesses during a
floating-point load or store are supplied by the IU, while the FPU supplies or receives the data.

Figure 3-4 F Registers
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Although the FPU operates concurrently with the IU, a program containing floating-point computa-
tions generates results as if the instructions were being executed sequentially.

Figure 3-4 illustrates the F registers.

A single F register is able to one single-precision operand, two are required to hold a double precision
operand, and four are required to hold and extended precision operand.

Floating-Point State Register

The floating-point status register (FSR) contains mode and status information about the FPU. It is
read and written using the STFSR and LDFSR. Figure 3-5 illustrates the FSR.

FPU State
Register

3130 29 28 27 232221 1716 1413121110 9 5 4 0
[ro|rRe | 1M k| f fodi foc | aexc | cexc |
/7

AU

Figure 3-5 FSR

Bits 31:30

Bits 29:28

Bits 27:23

Bit 22

Bits 21:17

RD - Rounding Direction. These select the rounding direction for floating-point results:
00 = Nearest

01 =Zero

10 = +o0

11 = —o

RP - Extended Rounding Precision
00 = Extended

01 = Single

10 = Double

11 = Unused

TEM - Trap Enable Mask. These are enable bits for each of the five floating-point exceptions:
Bit 27 = Invalid Operation Trap Mask

Bit 26 = Overflow Trap Mask

Bit 25 = Underflow Trap Mask

Bit 24 = Divide by Zero Trap Mask

Bit 23 = Inexact Trap Mask

AU - Abrupt Underflow. When set, this bit causes denormalized FP operands or results to be rounded
to zero.

Reserved
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Bits 16:14  ftt — Floating-Point Trap Type. These indicate the type of exception:
0 = None
1 = IEE E Exception
2 = Unfinished FP operation
3 = Unimplemented FP operation
4 = Sequence Error
5-F =reserved

Bit 13 gne —Queue Not Empty. When set, this bit indicates that the FP queue is not empty following an FP
exception or STDFQ instruction was executed.

Bit 12 Reserved

Bits 11:10  fcc — FPU Condition Codes. These bits are updated by FP compare instructions:
00 = fsrl = fsr2
01 =fsrl < fsr2
10 = fsrl > fsr2
11 =fsrl ? fsr2 (unordered)

Bits 9:5 aexc — Accrued Exception Bits.
Bit 9 = Accrued Invalid Operation
Bit 8 = Accrued Overflow
Bit 7 = Accrued Underflow
Bit 6 = Accrued Divide by Zero
Bit 5 = Accrued Inexact

Bits 4:0 cexc — Current Exception Bits
Bit 4 = Current Invalid Operation
Bit 3 = Current Overflow
Bit 2 = Current Underflow
Bit 1 = Current Divide by Zero
Bit 0 = Current Inexact
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CACHE CONTROLLER AND MEMORY MANAGEMENT UNIT

The interface between the bus, on which the IU, FPU and cache memory reside, and the Mbus, on
which the main memory and peripheral interfaces reside, is provided by a CY7C604 Cache Controller
and Memory Management Unit (CMU). This device provides translation between the 32-bit virtual
addresses used on the CPU module and 36-bit physical addresses used on the Mbus. It provides
hardware support for a demand-paged virtual memory environment for the IU. The Page size is fixed
at 4Kbytes. The CMU also manages a 64Kbyte cache memory.

Memory Management Unit

The memory management unit (MMU) conforms to the standard SPARC architecture definition for
memory management.

The MMU provides virtual to physical address translation using a translation lookaside buffer (TLB).
This is an area of specialized on-chip memory containing sixty-four Page Table Entries (PTE) as
shown in Figure 3-6.

Virtual Section Physical Section

/\ /\
/7 \N/

VA(31:12) | CXN(11:0) | PPN(35:12) |C [M]| ACC(2:0) ST(1:0)

<|/

64 TLB Entries

VA@31:12) | CXN(11:0) | PPN(35:12) |C |[M| ACC(2:0) ST(1:0) |V

Figure 3-6 Translation Lookaside Buffer

Each entry within the TLB contains a virtual section and a physical section. The virtual section
comprises a virtual address field, for comparison with VA(31:12), and 12-bit context field, for
comparison with the contents of the context register.
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The physical section contains the physical address field, PPN(35:12), a cache control bit, a modified
bit, a 3-bit access protection field, a translation control field, and a valid bit.

Bits (31:12) of the virtual address are translated and expanded to physical address bits (35:12).
During an access by the IU, the virtual address supplied by the IU and the contents of the context
register are compared with the virtual section of all sixty-four entries simultaneously. When a match
is found (or a “hit” occurs), the physical address field PPN(35:12) supplies the address of a 4Kbyte
page in memory. Virtual address bits A(11:00) from the IU are passed through unchanged to supply a
byte offset. This is illustrated in Figure 3-7. Each hit TLB entry is checked for memory protection
attributes automatically and violations are reported to the IU as memory exceptions.

31 % 2 18 17 12 11 0
Vinual Address|  Index1 | Index2 | Index3 | PageOffser | [ Context register |
TBEmy | yamioe) |vagsas| vaaray | axwaio)  [acceo|stao|v]
by by
Hit Detection Logic
vy A 4
ASI(5:0) B
RD - Access Violation
LDSTO »

Figure 3-7 Address Translation

If the virtual address from the IU does not match an entry in the TLB, the CMU automatically per-
forms a search (or table walk) through a translation table in main memory to obtain an address
translation.

The translation table forms a tree structure in main memory as illustrated in Figure 3-8. The Context
Pointer register provides a pointer to the context table, and the context register provides an index to
the Root Pointer, which in turn points to a level 1 page table. Index 1 from the virtual address selects
an entry within Level 1 pointing to a level 2 page table, where Index 2 selects a pointer to a level 3
table. Index 3 then selects one of the entries in the level 3 table which should point to a 4Kbyte
memory page.
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When a page table pointer (PTP) is encountered within the tables, the search continues to the next
lower level. If a page table entry (PTE) is found, the search is terminated and the entry is stored in the
TLB. If no PTE is found at all, a synchronous fault exception is signalled to the IU.

The PTE provides a pointer to a physical page while the lower 12 bits of the virtual address provides
an offset.

The level at which a table walk terminates (i.e. a PTE is found) is related to the size of addressing
region associated with the entry. A table walk which finds a PTE in the context table corresponds to a
region of 4Gbytes. A PTE in level 1 corresponds to a 16Mbyte region, or 256Kbyte in level 2, or
4Kbyte in level 3. The virtual address bits not used to index table entries are used to supply the page
offset.

31 24 23 1817 1211 0

Virwal Address|  Index1 | index2 | index3 | offsw |
............................................................................. N
.
Context Pointer Context Table H
Register :
Level 1 Page H
Table H
] Root Pointer ;
Level 2 Page :
Lo Table
Level 3 Page
Table '
PTP H
:
PTE E

35 l 12 11 l 0

Physical Address | Physical Page Number | Byeomse |

Figure 3-8 A Three Level Table Walk in Memory
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Figure 3-8 shows a table walk which uses three page table levels. In this example A(31:12) from the
virtual address are used to index the page tables, and A(11:0) supply an offset address into the selected
memory page

Figure 3-9 shows a table walk which terminates at level 2. In this case A(31:18) are used as index
bits, and A(17:0) provide an offset address into the selected page.

31 24 23 1817 0
Virual Address|  Index1 | Index2 | Offset |
........................................................... :
H \
Context Pointer : > Context Table ¢
Register :
H Level 1 Page \
: Table
Context Register T Root Pointer >
: Level 2 Page
H Table
: PTP >
: —» e
.
.
L}
L]
H
.
H
.
H
35 v 18 17 . 0
Physical Address [ Physical Page Number | Byte Offset |

Figure 3-9 A TwoLevel Table Walk in Memory
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Cache Controller

The cache controller provides access control for the 64Kbyte cache memory implemented on the CPU
module.

The cache is organized with 2048 cache lines of 32bytes each, as illustrated in Figure 3-10. The <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>