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preface

REFERENCE DOCUMENTS

The following reference documentation and web addresses provide information for the
Compag Armada E500 and Armada V300 computers:
m Compag Specification
#333116, ATl Rage Mobility-P Video Controller
#353918, TI PCI1450 Cardbus Controller
#342609, ESS 1978SF Maestro-2E Audio Controller
#387046, SIMSC MS O, SMSC37N971, Tikki
#290725, Flash ROM,512k x 8, 60ns, 5V
#353924, ESS 1920 Audio Codec
#258896, Li-lon Battery Specification
Compaq Armada E500 and Armada V300 Maintenance and Service Guide
Microsoft Operating System Manual
Synaptics Touchpad Interfacing Guide
Compag Web site at http://www.compag.com
Modem commands at http://www.compag.com/support/portables
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chapter 1

SYSTEM ARCHITECTURE

The Compag Armada E500 and Armada V300 Series offer Intel Mobile Pentium 11, I11
or Celeron Processors with 32-bit or 64-bit architecture, MM X technology, and level-2
cache memory. Both Armada E500 and Armada V 300 Series provide desktop

functionality and connectivity through optional expansion bases or convenience bases.

Depending on the Armada E500 computer model, the following processors are used:

= a366- or 400-MHz Intel Mobile Pentium Il Processor with 256-KB integrated L2
cache, or

= a450-, 500-, or 600-MHz Intel Mobile Pentium |11 Processor with 256-KB
integrated L2 cache.

Depending on the Armada V300 computer model, a 400- or 466-MHz Intel Celeron
Processor with 128-KB integrated L2 cache is used.

The computers, shown in Figure 1-1, dock with the Compag ArmadaStation EM
(Armada E500 only), Armada MiniStation E/EX (Armada E500 only), Convenience
Base or Port Replicator.

Figure 1-1. Compaq Armada E500 and Armada V300 Personal Computers
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Standard Features

The computers have the following features:

The following processors are avail able, varying by computer model:

= The Armada E500 features an Intel Mobile Pentium 111 450-, 500-, or 600-MHz
Processor or Intel Mobile Pentium |1 366- or 400-MHz Processor, with 256-KB
integrated cache.

= The Armada V300 features an Intel Celeron 400- or 466-MHz Processor, both
with 128-KB integrated L2 cache.

ATI Mobility P video controller, with 8-MB (Armada E500) and 4-MB (Armada
V300) SGRAM (synchronous graphics)
The following standard memory is available, varying by computer model:

= The Armada E500 is equipped with 64-MB high-performance Syncheronous
DRAM (SDRAM), expandable to 512 MB.

= The Armada V300 is equipped with 64- or 32-MB high-performance SDRAM,
expandable to 512 MB.

Microsoft Windows 95, Window 98 or Windows NT Workstation 4.0 preinstalled

The following displays are available, varying by computer model:

= The Armada E500 features a 15-inch or 14.1-inch, XGA, TFT (1024 x 768) or
12.1-inch, SVGA, TFT (800 x 600) display, both with over 16.8 million colors.

= The Armada V300 features a 14.1-inch XGA TFT (1024 x 768), 12.1-inch
SVGA TFT (800 x 600), or 12.1-inch SVGA STN (800 x 600) display, al with
over 16.8 million colors.

The following keyboards are available, varying by computer moded!:

= The Armada E500 provides a TouchPad or pointing stick keyboard.

= The Armada V300 is equipped with a TouchPad keyboard.

Mini PCI 56K V.90 modem, optional Mini PCI V.90 modem plus 10/100 NIC
combination card.

The following PC Card features are avail able, varying by computer mode!:

= The Armada E500 features two Type || PC Card slots with support for both
32-bit CardBus and 16-bit PC Cards; Zoomed video is supported in the
bottom dlot.

= The Armada V300 features one Type |1 PC Card slot with support for both
32-bit CardBus and 16-bit PC Cards.

External AC adapter with power cord
The following battery packs are available, varying by computer model:

= The Armada E500 supports a 9- or 6-cell Lithium lon (Li-ion) primary
battery pack in the battery bay or DualBay, and a 6-cell Li-ion MultiBay battery
pack in the MultiBay; supporting up to three battery packs in the computer at
onetime.

» The ArmadaV 300 supports a 9- or 6-cell Li-ion primary battery pack in the
battery bay and a 6-cell Li-ion MultiBay battery pack in the MultiBay.
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The following hard drives are available, varying by computer model:

= The Armada E500 supports a 12.0-, 6.0-, or 4.3-GB high-capacity SMART hard
drives with Drivel.ock security and Prefailure Warranty.

= The Armada V300 supports a 6.0- or 4.3-GB high-capacity SMART hard drives
with Drivel ock security and Prefailure Warranty.

Flexible MultiBay that accommodates a 24X MAX CD-ROM drive, DVD-ROM
drive, SuperDisk LS-120 drive, 6-cell Li-ion MultiBay battery pack, or secondary
hard drive (when used with a Hard Drive MultiBay Adapter).

Armada E500 provides a DualBay that accommodates a diskette drive or a second
battery pack.

Connectors for parallel, seria, audio in/out, external monitor, universal serial bus,
externa keyboard, and AC power.

Stereo speakers providing Compag PremierSound 16-bit stereo sound.
Energy Star-compliant power saving features.
Security features, including power-on, keyboard, setup, and Drivel.ock passwords.

Desktop expandability available with the optional Compagq Armada Station EM and
Compag Convenience Base.
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External Ports/Connectors

m Standard 176-pin Armada docking connector

m Fast IR port

= One or two CardBus slots with support for Zoomed Video

= Audio connectors for speaker or headphones out, and microphonein

m PS/2 port for mouse or external keyboard with support for Y—cable for two devices
m RJ11 modem jack with internal connection to modem slot, depending on model

m RJ45 Ethernet jack with internal connection to the combination modem/LAN slot,
depending on model

= One standard 15-pin VGA connector with support for DDC-2B monitor detection
= One standard 9-pin seria port connector

= One standard 25-pin parallel port connector with support for ECP, EPP,
bidirectional, and standard mode

= One low-power USB port with standard Type-A connector

Power Management

= Advanced Power Management (APM) version 1.2 compliant

= Advanced Configuration and Power Management (ACPI) version 1.0 compliant
= Support for Suspend (S1), Suspend-to-RAM (S3), and Suspend-to-Disk (S4)

= Power management settings can be customized by the user

m Hotkeysfor setting performance level versus battery life

m Smart batteries that provide an accurate battery power gauge

m Dock device power management

m Active Thermal Feedback (ATF) support

= Lid switch suspend/resume

= Power/Suspend button with system override
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System Architecture

The system architecture is shown in Figure 1-2.

| Base SODIMM |
Coppermine or 440BX —|: !
Dixon CPU North Bridge | Usersobivm | ! Docking
! Station
AGP Bus PCl Bus Mini-PCI Modem | < :
— RJ-45 ! o
P | ! Moon F’CI PCI
SDRAM I l Bridge
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PlIX4 ESS Audio Cardbus :
____________ Controller :
Video ATI r HDD '
— ! TI1225 !
Mobility-P 1 PCI-IDE I
Y I cb .
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AC97 ;
South Bridge \: Slott '
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SVGA LCD fmmmm e ,
Display ' USB Control — USB Port .
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i PCI-ISA !
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E Floppy
Tikki MSIO ' Serial
1 Parallel
' PS/2
1
1

Flash ROM H \L PS/2
Keyboard Serial

Infrared Parallel
Touchpad Floppy
—— ROM

Figure 1-2. Compaq Armada E500 and Armada V300 Block Diagram

The system is made up of four main buses: the host bus, the AGP bus, the PCI bus, and
the ISA bus. The Intel 440BX chipset controls al four buses. The 82440 interfaces the
host bus to the AGP and PCI buses and is referred to as the Northbridge. The PI1X4E,

used with the PII, or the PI1X4M, used with the PII, interfaces from the PCI bus to the

ISA bus and isreferred to as the Southbridge.

The host bus is connected to:

m Celeron, Pentium I, or Pentium |11 processor

m Secondary cache (L2)
= Northbridge chipset (82440BX)
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The AGP busis connected to:

= Northbridge chipset (82440BX)

= Video controller (ATI RAGE Mobility-P)
= System SDRAM

The PCI busis connected to:

= Northbridge chipset (82440BX)
Southbridge chipset (Pl1X4M)

m CardBus controller

= Audio subsystem

The ISA busis connected to:

= Southbridge chipset (PI1X4M)
s Flash ROM
= Super 1/O controller (MSIO)

CPU

Armada E500:

m 366- or 400-MHz Intel Mobile Pentium Il Processor

m 450-, 500-, or 600-MHz Intel Mobile Pentium I11 Processor

Armada V 300:

= 400- or 466-MHz Intel Celeron Processor with 128-KB integrated L2 cache

Chipset

Intel 82440BX Northbridge
Support for al Intel Mobile Pentium Il and Pentium I11 Processors
m Unbuffered and registered SDRAM support (x-1-1-1 access at 66 to 100 MHZz)

Enhanced SDRAM Open Page Architecture support for 16- and 64-Mbit DRAM
devices with 2-, 4-, and 8-Kbyte page sizes

PCI businterface

n PCl revision 2.1, 3.3-volt, 33-MHz interface compliant
n PCI Parity Generation support

» Data streaming support from PCI to DRAM

» Delayed transaction support for PCI-DRAM reads
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m AGPinterface

= Integrated DRAM controller supports single AGP-66/133 compliant device (3.3
volt)

»  AGP Specification revision 1.0 compliant
»  AGP data/transaction flow optimized arbitration mechanism
» AGP side-band interface for efficient request pipelining
= AGP specific data buffering
»  Supports concurrent CPU, AGP, and PCI transactions to main memory
» AGP high-priority transaction support
= Advanced power management features
= Supports Standby (S1), Suspend-to-DRAM (S3), and Suspend-to-Disk ($4)
n Static stop clock support
= Dynamic power-down of idle DRAM rows
» SDRAM sdf-refresh power-down support in suspend mode
= Stop clock grant and halt special cycle trangation (host to PCI Bus)

= Advanced Configuration and Power Interface (ACPIl)—compliant power
management

m 492-pin BGA package
m 3.3-volt core and mixed 3.3-volt and GTL 1/O
m [nterfaces directly to the PIIX4M

Intel PIIX4M Southbridge

= 3.3-volt with 5-volt tolerance
m PCI-to-ISA bridge

» Supports full ISA or Extended 1/0 (EIO) busin positive decode or subtractive
decode

» Supports PCI DMA with three PC/PCI channels and Distributed DMA
protocols (simultaneously)

= Supports seriaized IRQ protocol

» PCI revision 2.1 specification compliant

m Built-in real-time clock with wake-on-alarm capability (ACPI/OnNow compliant)
m SMBusinterface
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m Advanced Power Management support
= 3.3-volt operation with 5-volt tolerant buffers

= Power-On Suspend (S1), Suspend-to-DRAM (S3), Suspend-to-Disk ($4), and
Soft-Off (S5) System States

n All registers readable and restorable for proper resume from zero-volt suspend
= Global and local device management

» Supports thermal alarm

» Support for external microcontroller

» Full support for ACPI revision 1.0 specification and OS directed power
management

m Integrated IDE controller with UltraaDMA-33 support
» Integrated 12 x 32-bit buffer for IDE PCI burst transfers

m Two hot-swappable USB channels with legacy keyboard/mouse support
= 324-pin MBGA package

DRAM

= 64-MB synchronous DRAM (SDRAM) memory onboard
= Two SO-DIMMs (Bank 1 and 2)
m All DRAM is 3.3-volt 66-MHz or faster self-refreshing SDRAM

PCI Bus Devices
NOTE: All internal PCI buses and PCI components operate at 3.3 volt.
s CardBus controllers
T1225
= Support for Zoomed Video slot
» Support for serialized ISA IRQs

= Supports two PC Card/CardBus slots (one PC Card slot for Aramada V 300) with
hot removal/insertion

» Burst transfers to maximize data throughput on the PCl/CardBus bus
» Supports distributed DMA and PC/PCI DMA
= Supports ring indicate

System Architecture



= Video Controller
ATl RAGE Mobility-P
»  32-bit wide memory-mapped registers

» Advanced Graphics Platform (AGP) 2X bus with sideband support; 133-MHz
throughput

» Floating-Point Setup Engine for high-performance 3D and CAD

= Motion compensation for full-screen MPEG-2 video without external acceleration
hardware

= 4o0r 8MB, 3.3-volt 125-MHz video SDRAM

= Support for Zoomed Video

= Built-in support for LVDS data busto LCD display

» Built-in NTSC and PAL video output (composite)

» Simultaneous display of CRT+LCD+TV including separate images
s DDC 2B support for external monitors

= Advanced power management features (automatic power-down, standby, and
panel-off)

= Audio
ESS Maestro 2E/ES1921 CODEC
= Hot docking 6-pin interface to expansion audio mixer (ES978)
= Monophonic full duplex using two DMA channels
n Self-timed joystick port
= |’Sinterfaceto internal stereo D/A for external ZV port
= Complete genera interrupt mapping, including sharing of all interrupts
n Stereo 16-bit, Wavetable and FM synthesizers, MPU-401 MIDI support

ISA Bus Devices

NOTE: All internal ISA buses and ISA components operate at 3.3-volt.
s BIOSROM
Intel 28F004BV

= 4-MB boot block flash ROM
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= SMC Super |I/O Controller
SMC FDC37N97X

Simultaneous support for three PS/2 ports (1 internal + 2 external)
Advanced infrared communications control ler

ACPI Embedded Controller Interface

High-performance, embedded 8051 keyboard and system controller
Low Suspend current in sleep mode

System power plane control and power sequencing

Battery management interface for charging and smart battery fuel gauge
Active thermal interface for CPU thermal management

1.44-MB Super |/0O FDC controller

|EEE 1284 parall€l port

Serial infrared support: IrDA version 1.1 (4 Mbps)

Full Plug-and-Play support

High speed NS16550A-compatible UART with 16-byte send/receive FIFOs
Real-time clock

s Modem/LAN
Mini-PCl Modem or Combination Modem/NIC Card

Internal Mini-PCl Type-1B sot

Flexible method of supporting an internal modem or modem/LAN combo card
with the least amount of difficulty surrounding European modem approvals

Slot supports only Compag-approved cards
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Power Subsystem
= System DC/DC
s Based on the MAX1630

s Provides astable 3.3 to 5.0 voltsfrom aDC source of 9V to 19 V
m AC Cube
m Provides 18.5 volts DC +/- 3.75% at 100 to 240 volts AC

= 50 watts output

m 6 0r 9-cell Li-ion battery in dedicated bay; only Armada E500 and Armada V 300-
specific batteries can be inserted into the primary bay due to mechanical keying

Mechanical

m Size 9.9-in (252 mm) x 12.36-in (314 mm) x 1.65-in (42 mm)

Weight: 5,5to 7.5 pounds (2.6 to 3.2 kQ)

Construction: 2.3 mm wall thickness using polycarbonate

Features:

= One MultiBay for SuperDisk LS-120 drive, DVD-ROM drive or second hard

drive; one Dual Bay that can be used for a diskette drive/battery on the Armada
E500; one fixed diskette drive on the Armada V300

= Removable main hard drive
» Easy-to-access memory upgrades

= Ergonomic design

Docking Support

ArmadaStation EM Support (Armada E500 only)

m One seria port

m One parald port

m Two PS/2 portsto connect an external keyboard and a pointing device
= One XGA CRT port (replicates computer port)

m Three PCI dotsfor Compag-approved PCl add-in cards

m Dua MultiBays

= One half-height bay

m An additional dual-channel, PCl-based IDE controller, to connect HDD, CD-ROM,
DVD-ROM,or other peripherals

= Audio line-in, microphone-in, speaker/headphones-out
= Additional audio speaker
= Two USB ports
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Convenience Base

One serial port

One parallel port, with support for an Armada 4100/7800-compatibl e diskette drive
option (Note: The Armada E500 and Armada V300 do not support this, but the
Convenience Base does.)

Two PS/2 ports to connect one for an external keyboard and a pointing device
One XGA CRT port (replicates computer port)

One PCI slot capable of supporting Compag-approved LAN adapters

Audio line-in, microphone-in, speaker/headphones-out

Two USB ports

Port Replicator

One serial port

Two PS/2 ports to connect an external keyboard and a pointing device
One XGA CRT port (replicates computer port)

Audio line-out

One USB port

DC power-in (pass through)

Security Features

These security management features customize system security:

Power-On and Setup Passwords—prevent unauthorized access to information and
computer configuration.

Drivel ock—prevents unauthorized access to hard drives.

Device disabling—prevents unauthorized data transfer through modems, seria ports,
paralel ports, and infrared ports on the computer and an optional docking station.

QuickL ock/QuickBlank—Iocks the keyboard and clears the screen.
Ownership Tag—displays ownership information during system restart.
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chapter 2

PROCESSOR, CACHE, AND
SYSTEM SUPPORT

Host Bus (Northbridge)

The Armada E500 and Armada V300 computers use the Intel Pentium 11, Pentium 111,
and Celeron Processors, respectively. The Pentium Processors feature:

m 450-, 500-, or 600-MHz CPU with 100-MHz SDRAM busfor PIIl, 66MHz for Pl|
B Integrated L2 cache running at processor speed

B MMX-2 insgtruction set

B SpeedStep desktop operation (Pl11)

Pentium Il or Ill CPU/Cache

The computers use the Intel Pentium 11 or 111 Processor technology housed in a BGA
package. The PIl and Pl differ in substantial ways (66-MHz businstead of a 100-
MHz bus, integrated GTL resistors) so that acommon PIl and PI1 printed circuit board
isimpossible. A genera feature list isasfollows:

m Full SMI (System Management Interrupt)

m Fully static (support Stop grant and Stop clock states)

m 66- (PIl) or 100-MHz (PI11) businterface to the system

B 32-bit address bus

H 64-bit data bus

[ |

256-KB on-chip cache (Armada E500 PIl and PI11); 128-KB on-chip cache (Armada
V300)

Capability of executing two instructions per clock through two pipelined integer
units

B Multimedia extension (MMX) register set
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The PII Processor has integrated 256 K L2 cache on the die designed using 0.18 micron
process technology. It is offered at 400- and 466-MHz with 66-MHz system bus speed.
It's core design consists of an integrated L2 cache controller and a 64-bit high
performance system bus. The on-die L2 cache complements the system bus by
providing critical datafaster, improving performance, and reducing total system power
consumption. The Pl Processor’s 64-bit wide low power GTL+ system busis
compatible with the 440BX PClset and provides a glueless, point to point interface for
an 1/0 bridge/memory controller.

The Intel Pentium 111 Processor aso implements 0.18 micron process technology with
Katmai New Instructions. It has a 100 MHz bus and uses the PI1X4M and 440BX
chipset with 100 MHz SDRAM.

The new Intel SpeedStep technology allows the Pl Processor to run at either notebook
or desktop frequencies. At the higher frequency, a higher voltage must a so be run. For
the Armada E500, the notebook frequency is 500 MHz at 8 watts, and the desktop
frequency is 650 MHz at 14 watts. The high power mode may be operated under
battery or AC power, but the battery life will be lower and the acoustic noise higher
than operation in the normal notebook mode.

The Intel PIl and Pl Processors are fully compatible with the entire installed base of
applications for DOS, Windows, OS/2, and UNIX. Superscalar architecture, branch
prediction, and separate code and data caches all provide increased performance over
previous X86 Processors. Reduced voltage operation and enhanced power management
features are provided.

82440BX

The Intel 440BX PCI-based chipset is optimized for portable systems with stringent
form-factor and power-consumption requirements. It consists of two components—the
82440BX and the PIIX4M. The 82440BX isreferred to as the Northbridge (control
between the PCI bus and the CPU and AGP buses). The PIIX4M isreferred to asthe
Southbridge (control between the PCI bus and the ISA bus). The remainder of this
section involves the 82440BX.

The 82440BX integrates the CPU, AGP, PCI, and DRAM bus interfaces. Thisincludes
the DRAM controller, AGP bus arbiter, PCI bus arbiter, power management, and the
host (CPU) interface.

The 82440B X’ s data buffer steers and buffers data between the four interfaces; 64-bit
CPU, 64-bit DRAM, 32-bit AGP, and 32-hit PCI. The data flow can be CPU-to-PCl,
CPU-to-AGP, CPU-to-DRAM, AGP-to-DRAM, or PCI-to-DRAM.
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Power Planes

The 82440BX supports suspend modes. Power-On-Suspend (POS), Suspend-To-RAM
(STR) and Suspend-To-Disk (STD). The 82440BX maintains |leakage control so that

back powering of other system functions cannot occur in Suspend. Table 2-1 liststhe
82440BX power planes.

Table 2-1

82440BX Power Planes
Plane VCC OPTIONS Selection Description
vVCcC 3.3V BXVCC3 Main power pin at 3.3 V
VCCAGP 3.3V BXVCC3 AGP bus power
GTLREFA,B 0.55VTT VBXGTLREF GTL buffer voltage reference input
VTTAB CPU selected VBXGTL GTL threshold (clamp) voltage
REFVCC5 3.3V BXVCC3 PCI 5V tolerant level (not used)

Reset Interface

The 82440BX reset function is an integral part of the Suspend/Resume functions. The
82440BX supports the normal reset function in a desktop platform, as well as various
power-up reset and resume reset functionsin the mobile platform.

The PIIX4M integrates the system reset logic for the system. The PIIX4M generates
PCIRST# and RSTDRV during power up (PWROK), when a hard reset isinitiated
through the RC register, and during certain power management resume operations.

The 440BX chipset has two separate reset inputs: RCIN# and PWROK; and four reset
outputs: PCIRST#, CPURST#, SUS _STAT#, and INIT#.

PWROK: An RC delay from the enabling of SY SVCC3. During the period when
RCRST# is de-asserted and PWROK is not yet asserted, RSTDRV and CPURST# are

asserted. When PWROK becomes asserted, RSTDRV and CPURST de-assert, causing
asystem reset.

Processor, Cache, and System Support  2-3



Table 2-2

440BX Reset Outputs
Signal Assert w/ System Devices or Source Description
PCIRST# Buses Affected

PCIRST# - PCl bus, 82440BX, NB, PIIX4M Used in power-up sequence,
PIIX4M resume from STR or STD.

CPURST# Always CPU 82440BX CPU reset signal.

RSTDRV Always ISA bus / X-Bus PlIX4M ISA bus reset. Directly derived
devices from PCIRST#. Resides in PIIX4M

main voltage well.

SUSSTAT# N/A PIIX4M Only SUSSTAT# signals a Suspend
mode entry/exit. This signal
originates from the PIIX4M
Suspend voltage well.

INIT# No CPU PIIX4M CPU soft reset generated by

PIIX4M.

CPURST# is generated by the 82440BX in the following instances:

B CPURST# isaways asserted if PCIRST# is asserted.
B CPURST# is asserted during resume sequence from POS (CRst_En= 1).

The 82440BX de-asserts CPURST# 1 ms after detecting the rising edge of PCIRST#.
The CPURST# is synchronous to the host bus clock.

The PCIRST# must be asserted when the system resumes from low power mode, in
which power is removed, including resume from Suspend-to-RAM or Suspend-to-Disk
and power-up sequence. In these cases, CPURST# is activated with the assumption that
CPU power isremoved to enforce correct resume segquence.

When resuming from POS, the PCIRST# and CPURST# typically are not used to speed
up the resume sequence. In this case, the option to reset the CPU is available by using
the CRst_En configuration bit option.

When a soft reset isinitiated, the PI1X4M drives SUSTAT# to the 82440BX. This
forces the 82440BX to switch to a Suspend refresh state. The 82440BX cannot accept
BIOS attempts to execute cycles to DRAM because it believesit isin a Suspend state.
After coming out of reset, software must set the Normal refresh enable bit (bit 4, Power
Management Control register at Offset 7Ah) in the 82440BX before accessing
memory.
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Power-0n Configuration

The 440BX chipset uses power-on registers to define system configuration variables
that must be set by hardware options. All signals used to select power-on options are
connected to either internal pull-down or pull-up resistors of minimum 50 K/maximum
150 K ohms. These resistors select a default mode on the signal during reset.

To enable different modes, external pull-up or pull-down resistors (the opposite of the
internal resistors) of approximately 10 K ohm can be connected to particular signals.
These resistors are connected to the +3.3-volt power supply. During normal operation
of the 82440BX-including whileit isin Suspend mode-the paths from GND or + 3.3
voltsto the internal strapping resistors are disabled to effectively disable the resistors.
In these cases, the MAB# lines are driven by the 82440BX to avalid voltage level.

Table 2-3 lists the Power-On options that are loaded into the 82440BX during cold
reset. The 82440BX isrequired to float al the signals connected to straps during cold
reset and keep them floated for aminimum of four host clocks after the end of cold
reset sequence.

Table 2-3

82440BX Power-0n Options During Cold Reset
Line Setting Description Notes
MAB13# - Reserved
MAB12# 0 Host frequency select 0 ***=60/66 MHz, 1 **= 100 MHz
MAB11# 1 In-order queue depth enable 0 = non-pipelined, 1 = pipelined (8-deep)
MAB10 0 Quick start select 0" = normal mode, 1 = Quick start mode
MABO# 0 AGP disable 0" = AGP enabled, 1 = AGP disabled
MABB# - Reserved
MABT7# 0 Memory module configuration 0" = normal (BX), 1 = 430TX-compatible
MABG# 1 Host bus buffer mode select 0" = desktop GTL+, 1 = mobile GTL+

" default selection *** default on P-Il versions ** default on P-ll versions

When resuming from Suspend, even while PCIRST# is active, the MAB# lines remain
driven by the 82440BX and the strapping latches maintain the value stored during the
cold reset.
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Clock Interface

The 82440BX requires two clock inputs which are CPUCLK (66 or 100 MHZz) and
PCICLK _440BX (33 MHZz). The CPUCLK signal is buffered and driven DCLKOUT.

During certain conditions the CPUCLK signals may be stopped and restarted. The
CPUCLK can be stopped in the sleep and deep-sleep modes and restarted when a
primary activity is detected. The CPUCLK signal isdriven in the On and POS states.

CPU Interface

The 82440BX Northbridge supports the Intel Mobile Pentium I1/111 Processor
technology.

CPU address pipelining is supported. The x-1-1-1 CPU writes can be supported up to
100 MHz. Write buffers exist for CPU-to-DRAM, CPU-to-AGP, and CPU-to-PCI
cycles. Read re-ordering is supported for these buffers.

DRAM Controller

The DRAM controller supported by the 82440BX alows up to four 64-bit SDRAM
banks for 512 MB. The DRAM controller supports synchronous DRAM (SDRAM).

For specifics on the computer’ s main memory, refer to the “System Memory” chapter
in this document.

Secondary Cache (L2)

The Pentium [1/111 Processors support a 128/256-KB on-chip cache. The Processor
module handles all control for the L2 cache. No external cache control logic or tag
RAM memory is used.

PCl Bus

The PCI busis a 32-hit, multiplexed address/data bus used for high-speed components.
The PCI bus operates at half or one third of the CPU externa clock rate. The PCI busis
clocked at 33 MHz. Bursting is supported from PCI bus masters into main memory.

PCI Slot Assignment

The PCI bus supports three cycle types: Memory, I/O, and Configuration.
Configuration cycles are used to access the configuration registersin each PCI device.
The only “address” associated with configuration cyclesis an index into the
configuration space composed of 256 32-bit registers. Selection of each PCI deviceis
achieved by assigning each device a unique PCI slot number. Thisis accomplished in
hardware by connecting the IDSEL pin of each device to aunique AD signa

(ADO - AD31); the same function is accomplished in the chipset by programming a
decode that corresponds to the AD line.

PCI Bus Arbiter Scheme

The 440BX chipset supports up to five PCl master devices. One is dedicated to the
PCI-to-1SA bridgein the PIIX4M. Because the PI1X4M actsfor ISA and DMA
masters, which do not support a preempt mechanism, the PI1X4M is not preemptable.
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PCI Bus Power Management

The PCI Bus Power Management Interface Specification (PCIPM) establishes the
infrastructure required to let the operating system control the power of PCI functions.
Thisis done by defining a standard PCI interface and operations to manage the power
of PCI functions on the bus. The PCI bus and the PCI functions can be assigned one of
four software visible power management states, which result in varying levels of power
savings.

The four power management states of PCI functions are: DO (Fully On state), D1 and
D2 (intermediate states), and D3 (Off state). Similarly, bus power states of the PCI bus
are BO-B3. The bus power states BO-B3 are derived from the device power state of the
upstream bridge device.

For the operating system to manage the device power states on the PCI bus, the PCI
function should support four power management operations. The four operations are;

m Capahilities reporting

B Power status reporting
B Setting the power state
B System wake-up

The operating system identifies the capabilities of the PCI function by traversing the
new capabilities list. The presence of new capabilitiesisindicated by a1b in bit 4 of
the PCI status register (PCI offset 06h). When software determines that the device has
acapabilitieslist by seeing that bit 4 of the PCI status register is set, it will read the
capability pointer register at PCI offset 14h. Thisvalue in the register points the
location in PCI configuration space of the capabilities linked list.

The first byte of each capability register block is required to be aunique ID of that
capability. The PCl power management has been assigned an ID of 01h. The next byte
isapointer to the next pointer item in the list of capabilities. If there are no more items
in the list, the next item pointer should be set to 0. The registers following the next
item pointer are specific to the function’s capability.

The power management capabilities (PMC) register is astatic read-only register that
provides information on the capabilities of the function, related to power management.
The PMCSR register enables control of power management states and
enables/monitors power management events. The data register is an optional register
that provides a mechanism for state-dependent power measurements such as power
consumed or heat dissipation.
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P11X4M PCI Functions

While the primary function of the PIIX4M isto provide a bridge between the PCI and
I SA buses, it also contains PCI devices and control logic. This section defines these
PCI functions.

Distributed DMA and Serialized IRQ (DDMA) Support

Direct Access Memory (DMA) is an open standard that supports legacy devices on the
PCI bus. The standard defines a method for supporting legacy DMA over the PCI bus
with no additional signals. It also specifies aone-signal serialized IRQ scheme that
allows ISA IRQ and PCI INTA-D to be sent over the signal pin interface.

The DMA standard specifies one “Master DMA” in the system. Each slave DMA
device is assigned a base address at which to respond. The master DMA keeps arecord
of each dave DMA's base address. When accesses are performed to the standard DMA
I/O space, the master DMA does a PCI retry, then gains control of the PCI bus and
sends the cycle out itself to the assigned save |I/O addresses. The DMA slaves perform
the actual DMA transfers themselves as standard PCI master cycles.

The serialized IRQ scheme uses a single pin interface (SERIRQ) that connects to each
device supporting the scheme. Devices that support the SERIRQ scheme can generate
IRQ15-IRQO and INTA-INTD.

PCI-IDE Controller

The PI1X4M includes a high-speed dual channel IDE interface that supports IDE
devices, providing an interface for IDE hard disks, aswell as other ATAPI -compliant
IDE devices such as CD-ROMs. The IDE controller resides on the PCI bus and does
not consume any |SA DMA resources.

Each IDE channel uses sixteen 32-bit buffers for optimal transfers. The IDE interface
supports PIO IDE transfers up to 14 Mbytes/'s and Bus Master IDE transfers up to

33 Mbytes/s (Ultra-DMA-33 compatible). Each IDE device can have independent
timings.

The IDE pins of the PlIIX4M are configured to the industry-standard Primary Master
and Primary Slave (two devices). The computer models use the dual channel
configuration with “legacy” resource allocation:

Table 2-4
PIIX4M Configuration
Resource Primary IDE Secondary IDE
Base I/0 Address 1FOh 170h
IRQ 14 15
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AGP Bus

The 82440BX supports a dedicated 66 MHz Accelerated Graphics Port (AGP) video
bus. Like the PCI bus, the AGP busis a 32-bit, multiplexed address/data bus, but it
operates at 66 MHz—full or 2/3-CPU bus speeds, with bursting support into main
memory. The AGP bus can only have two devices on it: the PCI-to-AGP bridge and the
video controller.

Devices on the AGP bus can run in two modes:

B 1X speed — 66 MHz; one datawindow per clock pulse

B 2X speed — 66 MHz; data windows on both rising and falling clock edge; 133 MHz
throughput

The computer supports both modes of operation and is compatible with the AGP
Specification, revision 1.0.

Operation in 2X mode can reach peak transfer bandwidths in excess of 500 MB/s. (In
comparison, PCI graphics controllers are limited to a peak bandwidth of 132 MB/s,
which they must share with other PCI devices.) In addition, the video system supports
AGP s pipelined sideband protocol, which improves the sustained bandwidth of data
transfers, further enhancing video performance.

From a system-architecture point of view, the AGP bus looks exactly like a secondary
PCI bus, and the AGP interface in the 82440BX appears to include a standard
PCI-to-PCl bridge.

The main “behind-the-scene” differences are:

m The graphics controller isin sole possession of this bus, so bus arbitration is
minimized.

m The AGP bus has a direct aperture into system DRAM, allowing quick accessto
large blocks of memory for 3D texture maps.
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ISA Bus (Southbridge)

PIIX4M (82371EB)

The PIIX4M serves as the Southbridge, providing the following functions:
B Bridge between the PCl and ISA buses

B Logic to support master and slave cycles on both PCI and | SA buses

B Master power management controller for the 440BX chipset

B Mechanism to generate up to 53 general-purpose I/0Os

Power Planes

The PII1X4M has aflexible power plane structure to support awide variety of system
configurations. Four independent power planes are used, plus areference signal for
communication to the ISA and PCI buses.

Table 2-5
PIIX4 Power Planes
VCC options Selection Description
VCC 3.3V +3.3V Core voltage supply
VCCRTC 3.3V + RTCVCC RTC/CMOS logic power
VCCSUS 3.3V +3VCC Suspend Well logic supply
VCCUSB 3.3V +3.3V USB logic supply
VREF 5Vor33V +5V External logic voltage reference

Clock Interface
Four clock signals are inputs to the Pl 1 X4M:

B PCICLK_PIIX isused to create all PCI control signals. The PI1X4 aso supplies the
SY SCLK output for ISA devices derived from PCICLK_PIIX.

B USBCLK isused to derive all of the signals for the USB host adapter.
B 32 KHzisused to control the on-board RTC.
B 14 MHZ_Pl1X4 is used to control the 8254-compatible timer in the PlIX4M.

Reset Interface
PCIRST# is used as the master reset signal for the P11 X4.

System Management Mode (SMM)

The PII1X4M provides aflexible System Management Mode (SMM) interface for both
software and hardware. It can generate an SMI from many sources including:

B Power management events

m Timer time-outs

m Software triggered events
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The SMM base address is defined as 000D0000H-000EFFFFH. The physical memory
space used for SMM memory is at 000A0000H-000BFFFFH in DRAM.

SMRAM accesses are always marked as write-through to the L1 cache. SMRAM
cannot be accessible by PCI or AGP masters.

Power Management Controller

The PI1X4M has the following power management functions designed to maximize
system battery life:
B Enhanced clock control

m Local and global monitoring support and PMI generation for 14 individual on-board
and system devices

B Advanced primary and secondary activity monitors

B Low-power states to provide battery conservation: power-on suspend,
suspend-to-DRAM, and suspend-to-disk. These states and how they are applied to
are discussed elsewhere in this document

B Hardware-based thermal management permitting software-independent entrance to
low-power states

m Full support for the Advanced Configuration and Power Interface (ACPI)
Specification

B Power management input from the Super 1/0

PCI-to-ISA Cycle Translation

The PI1X4M has three physical address spaces: Memory, Input/Output, and
configuration address spaces. A positive decoding scheme isimplemented in PI1X4.

ISA Bus Interface

Although the computer is a PCl-based system, areas of 1SA bus support are still
required in the notebook and peripherals. To provide ISA bus support in the PCI
system, a PCI-to-1SA bridge must be used to transl ate between the ISA and PCI buses.
The PI1X4M provides this function.

The PI1X4 provides byte-swap logic, /O recovery support, wait-state generation, and
SYSCLK generation.

The PI1X4 can be configured as both a PCI-to-1SA bridge and as a positive decode
bridge for PCI functions, such as the IDE controller and USB bus.
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General Purpose Input/Output (GPIO) Usage

The PI1X4M provides up to 22 general purpose input (GPI) signals. These GPIs can be
used to directly monitor system logic and external inputs. The read-only registers that
store the state of these inputs are located in the Pl1X4. See the 82371AB (PI1X4)
design guide and 82371EB (PI1X4M) addendum for further information.

The PI1X4 also provides up to 31 general purpose output (GPO) signals. These GPOs
can be used to directly monitor and control system logic. The read/write registers that
store and change the state of these outputs are located in the Pl1X4. See the 82371AB
(PI1X4) design guide and 82371EB (PI1X4M) addendum for further information.

Some of these GPI and GPO pins are multiplexed with other Pl1X4 functions.
Depending on the Pl1X4 features used, some of the GPIOs may not be available to the
system.

The SMSC 37N971 Super 1/0 Controller provides eight general purpose input pins, ten
general purpose outputs, and 22 general purpose /O pins. Improvements on these pins
are made for system management flexibility. The GPIO pins are controlled by the
8051, so that host access to them is through the mailbox registers. The host processor
also has accessto 16 GPIO pinsthat are in the PX114. All of the GPIO pinsthat are
located on the MSIO are as shown in Table 2-6.

Table 2-6
General Purpose Input Outputs (GPIOs)
Signal Pin | Description Location Comment
STANDBY Sw | 148 | Standby switch button INO(EE4) Input
#3
DCPRES 5 149 | DC present indication for IN1(EE2) Input
battery charge
LID_SwW# 3 150 | LID switch button IN2(EE3) Input
PWR Goop# | 151 | Power Good signal from IN3(GPWAKE) Input from DC/DC, used for
h - DC/DC wakeup event initiated by PXIl4
3 from STR. (RTC and RI).
ARB_IDLED 3 152 | PLD output for notify idle IN4(SEQQ) Input
ERDY 5 153 | Expansion Base Ready IN5(SEQ1) Input
EBOXS# 5 154 | Expansion base present ING(SEO5) Input
B (short pin)
ACPRES 5 155 | AC Power Present IN7(EEL) Input
RUNSCI_3 70 | Runtime SCI ouTo Output, ( initialized as “1” in
VCC1 init routine.)
VGER_CLKEN#_3 71 | Expansion clock enable for | OUT1 Output, (initialized as “1” in
Vger type docking station. VCC1 init routine)
RSMRST# 3 72 Resume reset to PXIl4 OUT2 Output
ADPTR_EN_ 5 74 | Enable the AC-adapter ouT3 Output (initialized as “1” in
VCC1 init routine)
PCSPKC# 3 75 | PC Speaker OUT4 Qutput
Continued
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Table 2-6 Continued

Signal Pin | Description Location Comment
DS1# 5 2 Driver Selection for 2 FDD | OUT5 Alt, Need configured this pin as
DS1# in Veel init.
MTR1# 5 3 Motor selection for 2 FDD | OUT6 Alt, Need configured this pin as
MTR1#
I2C_DCKEN_3 203 | Enable Expansion 12C ouT? Output (initialized as “0” in
interface VCC1 init routine. Level High to
enable the Docking 12C
interface)
KBCPURST#_3 23 | Output to PIIX4 for Init OUT8 (A) * Output, Need to configured as
generation KBD reset function.
JOUST_CKEN 201 | Expansion clock enable for | OUT9 (A) Output, (initialized as “1” in
Joust type docking station VCC1 init routine, level low to
enable the Arcade PCICLK)
FAN_PWM 200 | Fan control for thermal OUTA Output, (initialized as PWM in
VCC1 or VCC2 init)
INV_PWM_5 199 | PWM for panel brightness OouTB Output, (initialized as PWM in
VCC1 or VCC2 init)
FLASHCE# 184 | Chip select for flashROM | GPIOO (HL3,SE) | Output, Do not change the
default setting
MBAT 185 | MBAT event GPIO1 (HL4,SE) | Input
EBOXL#_5 186 | Expansion base present GPI02 (HL5) Input
(long pin)
MB_SMI_3 187 | SMIinput from PLD for GPIO3 (TRIG) Input
Multibay ID change.
SUSTAT2# 3 188 | Early suspend and late GPIO4 Input
resume indication
PWR SWIN# 3 | 189 | Power switch button input. | GPIO5 Input
IR_SD 190 | FIR Mode Control GPIO6 Output, Need to configure it as
FIR mode function
FLASHPGM 3 191 | Flash VPP On GPIO7 Output
AUXBAT FCHG 3 141 | Fast charge the Aux battery [ GPIO8 Output
LOW_BAT# 3 142 | Low battery signal GPIO9 Output, Need to initialize as
indication high in VCC1 init.
PCI_EXP#_3 145 | Enable docking Q switch GPIO10 Output, Need to initialize as
high in VCC1 init.
SDA_102 146 | Second I2C Data bus in the | GPIO11 Input/Output, Need to enable it
MSIO in VCC1 init
SCL_I02 147 | Second I12C Clock GPI012 Input/Output, Need to enable it
in VCC1 init
8051_A18 144 Address bit A18 for | GPIO13 Output, Do not change the
default setting, configured as
ROM Al8
PWR_SW# 3 140 | Power button output to GPIO14 Output, Need initialize as high
PXIl4 in VCC1 init
SRDY_3 139 | System Ready to expansion [ GPIO15 Output
CAPS_LED# 3 204 | Cap lock LED/(IDQ) GPIO16 Output/input, IDO is strapped
high

Continued
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Table 2-6 Continued

Signal Pin | Description Location Comment
A20GATE_3 206 | A20 Gate to PlIX4 A20 GPIO17 Output, Need to configure it as
input A20 function in VCC1 init.
IDLE_ARB_3 22 | Output to PLD for idle PCI GPI018 * Output, Need to initialize as low
bus in VCC1 init.
ARCADE_EN#_3 208 | Enable the Mux for Arcade | GPIO19 Output, Need to initialize as
mode high in VCC1 init
NUM_LED# 3 45 | NUMLock led / (ID1) GPI1020 Output/ Input, ID1 is strapped
high
SCROLL_LED# 3 46 SCROLL lock Led / (ID2) GPI021 Output/input, ID2 is strapped
high
RESET_OUT# 102 System Reset RESET_OUT
PWR_LED# 110 | Power LED nPOWER_LED
BAT LED# 197 | Battery Charge LED nBAT1 LED
FDD BAT LED 198 | MultiBay LED FDD BAT2 LED

System Interrupt Map

The interrupt usage of a PCI/PnP system can vary considerably and is based on the
commands given by the OS during hardware detection and configuration. The
following default interrupts are set on the system. Some interrupts, while immovable,
can be disabled, freeing up the resource. Table 2-7 lists the system interrupts.

Table 2-7
System Interrupts
IRQ Use
0 System timer
1 Keyboard
2 Cascade for interrupts 8-15
3 Serial IRQ for Com 2 and 4
4 Serial IRQ for COM 1 and 3
5 Reserved for ESS Audio
6 Diskette controller
7 Parallel port
8 Real-Time Clock
9 ACPI SClI interrupt
10 CardBus
11 PCI IRQ
12 PS/2 for pointing device
13 Numeric Processor
14 Primary IDE controller
15 Fast Infrared
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Real-Time Clock

The real-time clock (RTC) functions are provided in a special area of the PIIX4M
containing low-power CMOS circuitry that keeps the current time and date and a
low-power CMOS storage area for system settings. A 32.768-KHz crystal is used to
clock and update the time and date. The RTC has system wakeup capability for resume
on aarm, including Wake on Day-of-Month capability (ACPI and OnNow
requirement). This alarm can be programmed with SETUP to wake up the system from
standby and suspend-to-RAM states.

The PI1X4 has 256 bytes of battery-backed CMOS memory. The first 128 bytes are the
standard CM OS locations, of which thefirst 14 are used for clock and calendar control.
The second 128 bytes can be used for extended CM OS functions.

Read Only Memory (ROM)

The System Power Management, Video BIOS, and the setup program reside in Read
only Memory (ROM). The ROM isimplemented using one 4-Mbit (512 K x 8 bit) Intel
28F004BV boot block FLASH EPROM device. The flash consists of a 16 -KB boot
block section, two 8-K parameter sections, and 480 K of the main section. The 16-KB
boot block section stores the initial POST routines. The two 8-K parameter sections are
not used. The main 480 K holds the remainder of the code. Normal BIOS upgrades will
only update the 480 K main section.

Implementing the BIOS ROM using FLASH technology alows the ROM to be
reprogrammed dynamically by a FLASH update program. The FLASH update utility is
supplied by Phoenix Technologies (suppliers of the system BIOS). The utility verifies
that AC power is applied to the unit and that no memory management drivers are
loaded before reprogramming the BIOS. If afailure occurs during the reprogramming
(AC power islost and the main battery is dead), the computer becomes inoperable and
the FLASH ROM will have to be crisis-recovered.

Twelve voltsis needed for erasing and programming the ROM. One hardware signal is
used to program the ROM, FLASHV PPON, since the write protect pin is strapped high
and BOOTVPPON can never be used. FLASHVPPON enables 12 volts to the ROM
VPP pin and allows the 480-K main section and the two 8-K parameter sectionsto be
programmed. FLASHVPPON is generated by the Super 10.

NOTE: We never use the Boot block feature. Boot block is programmed in the same
way astherest of the block. Compag uses 2K code in the Super 10; therefore, the Boot
block feature can be disabled.

Refer to the Maintenance and Service Guide for instructions on how to re-flash the
system BIOS.
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Super 1/0 Controller

The Super 1/0O Controller deviceisthe SMC FDC37N97 (MSIO). It integrates a new
generation of complete Super 1/0O functions, plus an enhanced 8051 microcontroller for
power management and keyboard control. The MSIO resides on the SUB-ISA bus and
includes the following features:

m 3.3-volt operation with 5-volt tolerant buffers

ACPI 1.0 and PC99-compliant

Three power planes

ACPI embedded controller interface

Low standby current in sleep mode

Configuration Register Set compatible with ISA Plug-and-Play
standard (version 1.0a)

B Seria IRQ interface compatible with serialized IRQ support for PCI systems
m Diskette interface on parallel port

m 8051 controller using paralel port to reprogram the flash ROM

B Advanced infrared communications controller (IrCC 2.0)

B 512-kbyte flash ROM interface

B |SA Host interface with clock run support and ACPI SCI interface
[

[

[

[

[

[

High-performance embedded 8051 keyboard and system controller
Four independent hardware-driven PS/2 ports

Intelligent Auto Power Management

1.44-MB Super 1/O diskette controller

|EEE 1284-compliant parallel port with EPP and ECP support

Shared ROM interface so that the external 8051 Flash ROM can be shared with
system BIOS and SM firmware

For more detailed information about the MSIO, refer to Chapter 5.

Clocks

Clock Synthesizer and Clock Buffer

The clock synthesizer and SDRAM clock buffer are CK100-SM compliant
components.

The clock generator provides the clocks and low-skew distribution buffers required to
drive the Pentium Il Processor, 440BX, SDRAM memory, PCI buses, | SA bus and
USB. A 14.381 MHz clock crystal provides the reference clock for an internal PLL that
generates all other frequencies. The deviceis operated at a +3.3-volt core voltage with
the outputs being at +2.5 volts and +3.3 valts.
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The frequency synthesizer operatesin a spread spectrum mode to help reduce EMI
emissions. Three buffered 14.381-MHz clock outputs are available. These clocks are
used by other components in the system such as the MSIO, Maestro 2E, and PI1X4. It
provides two copies of CPU clock, five copies of PCI clock, one copy of free running
PCI clock, one copy of Ref. Clock at 14.318 MHz. One copy of 48 MHz is used by the
USB controller and power management control input pins.

A singleinput pin is used to select between 66 MHz and 100 MHz for the CPU clock.
This pinis strapped to the correct position on the MM C2. The other clocks generated
by the clock generator are affected by the CPU clock speed. A 32-KHz clock sourceis
provided by the PI1X4. This 32 KHz-clock is used for refreshing the video memory and
system DRAM during standby operation.

Real-Time Clock

The PI1X4M uses a crystal-controlled 32.768-KHz clock to generate the timing signals
for itsinternal real-time clock (RTC). The use of a dedicated crystal oscillator
guarantees that the RTC runs smoothly during instances where the system isfully
powered off while drawing extremely low current.

Audio Clocks

The Maestro 2E uses a 49.152-MHz crystal to generate itsinternal timing signals for
audio data sampling and conversion rates.
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chapter 3

SYSTEM MEMORY

The memory subsystem consists of 32 or 64 MB of 66-MHz (Armada Pl1) or 64 MB of
100-MHz (Armada PI11) SDRAM. Memory is expandable to 512 MB.

Base System Memory

Both the Armada E500 and Armada V300 computer models support two SODIMM
dlots and no soldered base memory. One bank will be filled with 32 MB or 64 MB with

a 64 bit data path, dependent on the type of computer. The type of memory used must
meet the following specifications:

Table 3-1
Memory Specifications

Specification Type
Type Synchronous DRAM (SDRAM)
Voltage 33V
Speed 66 MHz (P-Il); 100 MHz (P-Ill)
Refresh Self-Refresh (128 mS)
Parity Not supported
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System Memory Expansion

Memory expansion is available through the two DIMM sockets. The DIMMs supported
are 144-pin 3.3 volt SO-DIMM. The largest SO-DIMM availableis 256 MB. This
means that the maximum system memory is 256 MB + 256 MB = 512 MB for Pentium
Il and Pentium 111 Processors systems.

The system memory is expandable from the base of 32 MB to atotal of 512 MB using a
combination of 32 MB, 64 MB, 128 MB, and 256 MB memory expansion modules. The
following table illustrates the various memory configurations.

Table 3-2
Memory Configurations
Exp. Module Exp. Module Total Memory
(Bank 1) (Bank 2)
32 MB 32 MB 64 MB
32 MB 64 MB 96 MB
32 MB 128 MB 160 MB
32 MB 256 MB 288 MB
64 MB 64 MB 128 MB
64 MB 128 MB 192 MB
64 MB 256 MB 320 MB
128 MB 128 MB 256 MB
128 MB 256 MB 384 MB
256 MB 256 MB 512 MB

NOTE: Thetwo DRAM banks are interchangeabl e for the purposes of memory
expansion. The table shows the progression of adding memory as System 0 Bank 1 [
Bank 2, but the opposite progression (System [I Bank 2 [0 Bank 1) isalso valid.
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chapter 4

PC CARD INTERFACE

The PC Card interface provides system expansion that is transparent to the user through
the PC Card slot connectors. The Armada E500 supports two card slots and the Armada
V300 supports one slot. Peripheralsin the form of PC Cards can be added to the system.
The system automatically interrogates the PC Card on insertion to determineits
function and requirements. This can be accomplished without powering down,
reconfiguring, and restarting the system.

Functional Description

The PC Card interface facilitates the expansion of memory, mass storage, audio/video,
and communications capabilities of the computer through easily installable PC Cards.

A functional PC Card interface involves the use of the following components:

m Hardware: The PC Card and the PC Card controller

m Software: A set of special BIOS calls, routines, and device drivers that mediate
between the hardware, operating system, and application software. Compaq products
are provided with multilayered software support for PC Card operation. PC cards
may also require and come with device drivers to facilitate interface support.

CardBus Controller

The Texas Instruments PCI1225 is a high-performance PCI-to-PC Card controller with
a 32-bit PCI interface. The device supports two independent PC Card sockets compliant
with the 1997 PC Card Standard and the PCI Bus Interface Specification for
PCl-to-CardBus bridges. The Armada E500 can use both of these slots but the Armada
V300 uses only one. The PCI1225 supports any combination of 16-bit and CardBus PC
Cards in the two sockets, powered at 5 VDC or 3.3 VDC, asrequired.

The PCI1225 is compliant with the latest PCI Bus Power Management Specification. It
isalso compliant with the PCI Local Bus Specification revision 2.1, and its PCI
interface can act as either a PCI master device or a PCl slave device. The PCI bus
mastering isinitiated during 16-bit PC Card DMA transfers, or CardBus PC Card
bridging transactions.

All card signals are internally buffered to allow hot insertion and removal. The PCI1225
is register-compatible with the Intel 82365SL-DF ExCA controller. The PC11225
internal data-path logic allows the host to access 8-, 16-, and 32-bit cards using full 32-
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bit PCI cycles. The PCI11225 can also be programmed to accept fast posted writesto
improve system bus usage.

The PCI1225 provides an externally buffered Zoomed Video (ZV) path. Multiple
system interrupt signaling options are provided: Serial |SA/Serial PCI, Seriad
ISA/Parallel PCI, Parallel I1ISA/Paralel PCI, and PCI Only interrupts. Furthermore,
general-purpose inputs and outputs (GPIOs) are provided to implement sideband
functions.

An advanced complementary metal-oxide semiconductor (CMOS) process achieves low
system power consumption while operating at PCI clock rates of up to 33 MHz. Several
low-power modes allow the host power management system to further reduce power
consumption.

A list of general features includes the following:

m Zoomed VideoCard
m Zoomed Video auto-detect

= 3.3-volt corelogic with universal PCl interfaces compatible with 3.3-volt and 5-volt
PCI signaling environments

m Mix-and-match 5-volt/3.3-volt PC cards and 3.3-volt CardBus cards

= Support for two PC card or CardBus slots with hot insertion and removal with the
Armada E500; only one slot used with the Armada V300

m Serid interface to Tl TPS2206 dual power switch

= Support for 132 Mbyte/s burst transfers to maximize data throughput on both the PCI
bus and the CardBus bus

m Support for serialized IRQ with PCI interrupts
= Eight-way Legacy IRQ multiplexing

= Support for interrupt modes. Serial 1SA/Serial PCI, Seria 1SA/Parallel PCl, Parallel
|SA/Parallel PCI, Parallel PCI only

= Four general purpose I/Os

= Supports distributed DMA and PC/PCI DMA

= Supports 16-bit DMA on both PC card sockets

= Supports Ring Indicate, SUSPEND, and PCI CLKRUN

m Advanced submicron, low-power CMOS technol ogy

m VGA/paette memory and I/O; subtractive decoding options
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System Block Diagram

Figure 4-1 shows a simplified system implementation using the PC11225. The PCI
interface includes all address/data and control signals for PCI protocol. Highlighted in
this diagram is the functionality supported by the PCI1225. The PCI1225 supports
PC/PCI DMA, PClI Way DMA (distributed DMA), PME wake-up from D3 through DO,
4 interrupt modes, a Zoomed Video port, and 12 multifunction pins (8 IRQMUX, and 4
GPIO pins) that can be programmed for awide variety of functions.

| PCIBus
A A
—0
O ) INTA . Interrupt
Activity LED's INTB o | Controller
] Iy
PCI1950
IROSER | IRQSER
TPS2206 " Desgrializer IRQ2-16
Power < / PCI1225
Switch 3
3
A A
PC Card 681 168 _1
SocketA | — Zoom Video VGA |
23 y - Controller [~
19
PCCard [ = PCI1930
SocketB |- 23 ZV Switch
Zoom Video Audio
External ZV Port > Z, > Sub System | *

Figure 4-1. PCI1225 Simplified System Block Diagram
Clamping Rail Splits

The 1/0O sites can be pulled through a clamping diode to a power rail for protection. The
core power supply isindependent of the clamping rails. The clamping (protection)
diodes are required if the signaling environment on an 1/O is system-dependent. For
example, PCI signaling can be either 3.3 VDC or 5.0 VDC, and the PCI1225 must
reliably accommodate both voltage levels. Thisis accomplished by using a 3.3 volt
buffer with tolerance (protection) at VCCP.

PCI Interface

This section describes the PCI interface of the PCI 1225, and how the device responds
and participatesin PCI bus cycles. The PCI1225 provides all required signals for PCI
master/dlave devices.

PCI Bus Lock

The bus locking protocol defined in the PCI Specification is not highly recommended,
but is provided on the PCI1225 as an additional compatibility feature. The PClI LOCK*
terminal is multiplexed with GPIO2, and the terminal function defaultsto a
general-purpose input (GPI). The use of LOCK* is only supported by PCI-to-CardBus
bridges in the downstream direction (away from the processor).
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PCI LOCK?* indicates an atomic operation that may require multiple transactions to
complete. When LOCK* is asserted, nonexclusive transactions may proceed to an
address that is not currently locked. A grant to start atransaction on the PCI bus does
not guarantee control of LOCK*; control of LOCK* is obtained under its own protocol.
It ispossible for different initiators to use the PCI bus while a single master retains
ownership of LOCK*. To avoid confusion with the PCI bus clock, the CardBus signal
for this protocol is CBLOCK*.

An agent may need to do an exclusive operation because a critical memory access might
be broken into several transactions, but the master wants exclusive rights to a region of
memory. The granularity of the lock is defined by PCI to be 16 bytes aligned. The lock
protocol defined by PCI allows aresource lock without interfering with nonexclusive,
real-time data transfer, such as video.

The PCI bus arbiter can be designed to support only complete bus locks using the
LOCK* protocal. In this scenario, the arbiter will not grant the bus to any other agent
(other than the LOCK* master) while LOCK* is asserted. A complete bus lock can have
asignificant impact on the performance of the video. The arbiter that supports complete
bus lock must grant the bus to the cache to perform awriteback due to a snoop to a
modified line when alocked operation isin progress.

The PC11225 supports all LOCK* protocol associated with PCI-to-PCI bridges and
PCI-to-CardBus bridges. This includes disabling write posting while alocked operation
isin progress, which can solve a potential deadlock when using devices such as
PCI-to-PCl bridges. The potential deadlock can occur if a CardBus target supports
delayed transactions and blocks access as the target until it completes a delayed read.
Thistarget characteristic is prohibited by the 2.1 PCI Specification, and theissueis
resolved by the PCl master using LOCK*.

PC Card Applications Overview

This section describes the PC Card interfaces of the PCI1225. A discussion is provided
on PC Card recognition, which details the card interrogation procedure. The card
powering procedure is discussed, including the protocol of the P2C power switch
interface. The ZV buffering provided by the PCI 1225 and programming model is also
detailed in this section.

PC Card Insertion, Removal, and Recognition

The 1995 PC Card Standard addresses the card detection and recognition process
through an interrogation procedure that the socket must initiate upon card insertion into
acold, unpowered socket. Through this interrogation, card voltage requirements and
interface (16-bit versus CardBus) are determined.

The scheme uses the CD1, CD2, VS1, and VS2 signals (CCD1, CCD2, CVS1, CVS2
for CardBus). These four pins are connected in a certain configuration depending on the
type of card and the supply voltage.
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P2C Power Switch Interface (TPS2206)

A power switch with a PCM CIA-to-periphera control (P2C) interfaceis required for
the PC Card powering interface. The TI TPS2206 Dual-Slot PC Card power-interface
switch provides the P2C interface to the CLOCK, DATA, and LATCH terminals of the
PCI1225.

Zoomed Video Support

The Zoomed Video (ZV) port on the PCI1225 provides an externally buffered 16-bit
ZV PC Card data path. Thisinternal routing is programmed through the multimedia
control register.

The PCI11225 defaults to socket O (see the multimedia control register). When
ZVOUTEN is enabled, the Zoomed Video output terminals are enabled and allow the
PCI1225 to route the Zoomed Video data. However, no datais transmitted unless either
ZVENO or ZVENL1 is enabled in the multimedia control register. If the PORTSEL maps
to acard port that is disabled (ZVEN =0 or ZVEN1 = 0), the Zoomed Video port is
driven low (for example, no datais transmitted).

D3_STAT* Pin

An additional feature of the 1225 isthe D3_STAT* (D3 status) pin. This pin is asserted
under the following two conditions. Both conditions must be true before D3_STAT* is
asserted.

m Function 0 and Function 1 are placed in D3.
s PME* isenabled.

Theintent of including this feature in the PCI1225 is to use this pin to switch an
external Vcc /VAUX switch. This feature can be programmed on GPIOL1 pin (terminal
W11) by writing 01b to bits 7-6 of the GPIOL1 control register (PCI offset 89h).

Internal Ring Oscillator

Theinternal ring oscillator provides an internal clock source for the PCI1225 so that
neither the PCI clock nor an external clock is required for the PCI1225 to power down a
socket or interrogate a PC Card. Thisinternal oscillator operates nominally at 16 KHz
and can be enabled by setting bit 27 of the system control register (PCl offset 80h) to a
1b. Thisfunction is disabled by default.
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SPKROUT Usage

The SPKROUT signa carries the digital audio signal from the PC Card to the system.
When a 16-bit PC Card is configured for 1/O mode, the BV D2 pin becomes SPKR*.
Thisterminal, aso used in CardBus applications, is referred to as CAUDIO. SPKR*
passesa TTL level digital audio signal to the PCI1225. The CardBus CAUDIO signal
also can pass a single amplitude, binary waveform. The binary audio signals from the
two PC Card sockets are XORed in the PCI1225 to produce SPKROUT. Figure 4-2
illustrates the SPKROUT connection.

BIt 1, Card Control Register (offset 91h)
Card A SPKROUT Enable
Card A SPKR

SPKROUT

Speaker

BIt 1, Card Control Register (offset 91h) Driver

Card B SPKROUT Enable
Card B SPKR

Card A SPKROUT Enable
Card B SPKROUT Enable

Figure 4-2. SPKROUT Connection to Speaker Driver

The SPKROUT signal istypically driven only by PC modem cards. The PCI1130/1131
requires a pull-up resistor on the SUSPEND/SPKROUT terminal. Because the PCI 1225
does not multiplex any other function on SPKROUT, thisterminal does not require a
pull-up resistor.

PC Card 16 DMA Support

The PCI1225 supports both PC/PCI (centralized) DMA and a distributed DMA dave
engine for 16-bit PC Card DMA support. The distributed DMA (DDMA) dave register
set provides the programmability necessary for the slave DDMA engine.

Programmable Interrupt Subsystem

Interrupts provide away for 1/0 devicesto | et the microprocessor know that they
require servicing. The dynamic nature of PC Cards and the abundance of PC Card I/O
applications require substantial interrupt support from the PCI1225. The PCI1225
provides several interrupt signaling schemes to accommodate the needs of a variety of
platforms. The different mechanisms for dealing with interrupts in this device are based
on various specifications and industry standards. The EXCA register set provides
interrupt control for some 16-bit PC Card functions, and the CardBus socket register set
providesinterrupt control for the CardBus PC Card functions. The PCI1225 is therefore
backward-compatible with existing interrupt control register definitions, and new
registers have been defined where required.

The PCI1225 detects PC Card interrupts and events at the PC Card interface and
notifies the host controller through one of several interrupt signaling protocols. To
simplify the discussion of interrupts in the PCI1225, PC Card interrupts are classified as
either card status change (CSC) or as functiona interrupts.
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The method by which any type of PCI1225 interrupt is communicated to the host
interrupt controller varies from system to system. The PCI11225 offers system designers
the choice of using parallel PCI interrupt signaling, parallel ISA type IRQ interrupt
signaling, or the IRQSER serialized ISA and/or PCI interrupt protocol. Traditional 1SA
IRQ signaling is provided through eight IRQMUX terminals. It is possible to use the
paralel PCI interrupts in combination with either parallel IRQs or seridlized IRQs, as
detailed in the sections that follow.

PC Card Functional and Card Status Change Interrupts

PC Card functional interrupts are defined as requests from a PC Card application for
interrupt service. They are indicated by asserting specially defined signals on the PC
Card interface. Functional interrupts are generated by 16-bit 1/O PC Cards and by
CardBus PC Cards.

Card status change (CSC) type interrupts are defined as events at the PC Card interface
that are detected by the PCI 1225 and may warrant notification of host card and socket
services software for service. CSC events include both card insertion and removal from
PC Card sockets, as well as transitions of certain PC Card signals.

CSC and functional interrupt sources are dependent on the type of card inserted in the
PC Card socket. The three types of cards that may be inserted into any PC Card socket
are: 16-bit memory card, 16-bit 1/0O card, and CardBus cards. Functional interrupt
events are valid only for 16-bit 1/0 and CardBus cards; that is, they are not valid for 16-
bit memory cards. Card insertion and removal type CSC interrupts are independent of
the card type.

The signal naming convention for PC Card signals describes the function for 16-bit
memory and /O cards, as well as CardBus. For example, the READY (IREQ*)//CINT*
signal includesthe READY signal for 16-bit memory cards, the IREQ* signal for 16-bit
I/O cards, and the CINT* signal for CardBus cards. The 16-bit memory card signal
name isfirst, with the 1/O card signal name second enclosed in parentheses. The
CardBus signal name follows after a forward double slash (//).

The PC Card standard describes the power-up sequence that must be followed by the
PCI1225 when an insertion event occurs and the host requests that the socket Vcc and
VPP be powered. On completion of this power-up sequence, the PCI1225 interrupt
scheme may be used to notify the host system, denoted by the power cycle complete
event. Thisinterrupt source is considered a PCl11225 internal event because it does not
depend on asignal change at the PC Card interface, but rather the completion of
applying power to the socket.
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Interrupt Masks And Flags

Host software may individually mask or disable most of the potential interrupt sources
by setting the appropriate bits in the PC11225. By individually masking the interrupt
sources, software can control which events will cause a PC11225 interrupt. Host
software has some control over which system interrupt the PCI 1225 will assert by
programming the appropriate routing registers. The PCI1225 allows host software to
route PC Card CSC and PC Card functional interrupts to separate system interrupts.

When an interrupt is signaled by the PCI1225, the interrupt service routine must be able
to discern what kind of event caused the interrupt. Internal registers in the PCI1225
provide flags that report which interrupt source was the cause of an interrupt. By
reading these status bits, the interrupt service routine can determine which action should
be taken. All interrupts may be masked except the functional PC Card interrupts, and an
interrupt status flag is available for al types of interrupts.

There is not amask bit to stop the PCI11225 from passing PC Card functional interrupts
through to the appropriate interrupt scheme. Functional interrupts should not be fired
until the PC Card isinitialized and powered.

The flag bitsin the EXCA registers (16-bit PC Card-related interrupt flags) may be
cleared by two different methods. One method is an explicit write of 1 to the flag bit to
clear, and the other is areading of the flag bit register. The selection of flag bit clearing
ismade by bit 2 in the global control register (EXCA offset 1Eh/S5Eh/81Eh), and
defaultsto the flag are cleared on read method.

The CardBus-related interrupt flags can only be cleared by an explicit write of 1 to the
interrupt flag in the socket event register. Although some of the functionality is shared
between the CardBus registers and the EXCA registers, software should not program the
chip through both register sets when a CardBus card is functioning.

Legacy Interrupt Multiplexer

The IRQ multiplexer implemented in the PCI1225 provides a mechanism to route the
IRQMUX signalsto any of the 15 legacy IRQ signals. The IRQMUX7—6 signals share
the PC/PCI DMA terminals, and take precedence when routed. The other six IRQMUX
signals (IRQMUX5-RQMUXO0) are available in all platforms. To use the IRQMUX
interrupt signaling, software must program the device control register, located at PCI
offset 92h, to select the legacy IRQ signaling scheme.
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Figure 4-3 illustrates the IRQMUX functionality. Thisillustration describes only the
PCREQ/IRQMUX 7/SCL signal.

System Control Register (Bit 3):

When bit 3 =0 EEPROM SCL is routed on IRQMUX7
When bit 3=1 PCREQ is routed on IRQMUX7

EEPROM SCL ———| 0
0000
0001
PCREQ — 1 :
0010 PCREQ/IRQMUX7/SCL
1111

IRQMUX7 Routing Register
Figure 4-3. Interrupt MUX Functionality - Example of IRQMUX7 Routing
If paralel |SA IRQs are selected in the device control register, then the IROMUX
routing register, located at PCI offset 8Ch, must be programmed with the associated
ISA IRQ connections. The PCI 1225 supports up to eight parallel 1SA IRQ signal
connections, IRQMUX7-IRQMUXO.

Figure 4-4 is an example PCI 1225 IRQ implementation that provides eight ISA
interrupts.

PCI1225 PCI
IRQMUXO0 IRQ3
IRQMUX1 IRQ4
IRQMUX2 IRQ5
IRQMUX3 IRQY
IRQMUX4 IRQ10
IRQMUX5 IRQ11
IRQMUX6 IRQ12
IRQMUX7 IRQ15

Figure 4-4. Example PCI1225 IRQ Implementation

The system in the preceding example cannot support PC/PClI DMA because al eight
ISA IRQs are used. In this example, the IRQMUX7 and IRQMUX6 terminals are used
to signal ISA IRQs, and are not available for PC/PCI DMA. For systems not using all
eight IRQs, PC/PCI DMA can be implemented and coexist with ISA IRQs by using
IRQMUX6 and IRQMUX?7 for PC/PCI DMA. For instance, legacy IRQs and PC/PCI
DMA implementation are not mutually exclusive. However, if the IRQMUX registers
are programmed to use IRQMUX7-IRQMUX6, they will override PC/PCI DMA.

Software is responsible for programming the IRQMUX routing register to reflect the
IRQ configuration shown in Figure 4-4. In this example, this programming is
accomplished by writing a double-word of data FCBA9543h to the PCI1225 IRQMUX
routing register, PCI offset 8Ch. In this example (FCBA9543h), F correspondsto
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IRQ15, C to IRQ12, B to IRQ11, A to IRQ10, 9 to IRQ9, 5 to IRQ5, 4 to IRQ4, and 3
to IRQ3.

The IRQMUX routing register is shared between the two PCI1225 functions, and only
one write to function O or function 1 is necessary to configure the IRQMUX signals.

Using Parallel PCI Interrupts

Parallel PCI interrupts are available when in pure parallel PCI interrupt mode,
IRQMUX signaling mode, and when only IRQs are serialized with the IRQSER
protocol. The PCI interrupt signaling is dependent on the interrupt mode. The interrupt
mode is selected in the device control register (92h). The IRQSER/INTB* signalsINTB
when one of the parallel interrupt modes is selected through bits 2—1 in the device
control register (92h). PCI INTB* is also available on the IRQMUXO terminal by
programming bits 3-0 to 0001b in the IRQMUX routing register (8Ch). PCI INTA* is
available on the GPIO3 terminal by programming bits 7-6 in the GPIO3 control
register.

Power Management Overview

In addition to the low-power CMOS technology process used for the PCI1225, various
features are designed into the device to allow implementation of popular power saving
techniques. These features and techniques are discussed in this section.

CLKRUN* Protocol

CLKRUN?* isthe primary method of power management on the PCI bus side of the
PCI11225. Because some chipsets do not implement CLKRUN®*, thisis not always
available to the system designer so aternate power savings features are provided.

If CLKRUN* is not implemented, the CLKRUN* pin should betied low. CLKRUN* is
enabled by default through bit 1 (KEEPCLK) in the system control register (80h).

CardBus PC Card Power Management

The PCI1225 implements its own card power management engine that can turn off the
CCLK to asocket when there is no activity to the CardBus PC Card. The CCLK can
also be configured as divide by 16 instead of stopped. The CLKRUN®* protocol is
followed on the CardBus interface to control this clock management.
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CardBus Device Class Power Management

The specific issues addressed by the PCI Bus Interface Specification for
PCl-to-CardBus bridges for D3 wake-up are:

m Preservation of device context: The PCI Power Management Specification version
1.0 states that PRST* must be asserted when transitioning from D3, to DO. A
method to preserve wake-up context must be implemented so that PRST* does not
clear the PME* context registers.

m Power sourcein D3, if wake-up support is required from this state.
The PCI1225 addresses these D3 wake-up issues as follows:

m Preservation of device context: When PRST* is asserted, bits required to preserve
PME?* context are not cleared. To clear al bitsin the PCI1225, another reset pinis
defined: G_RST* (global reset). G_RST* isnormally only asserted during the initial
power-on sequence. After theinitial boot, PRST should be asserted so that PME
context is retained for D3-to-DO transitions. Bits cleared by G_RST*, but not cleared
by PRST* (if the PME* enable bit is set), are referred to as PME* context hits.

m Power sourcein D3, if wake-up support is required from this state. Because Vcc is
removed in D3, , an 