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=e¢__PCle Protocol/Configurationgz
™ Basics

= Configuration Space

= Interrupts

= Power Management

= Power Negotiation

= Boot Considerations
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~" Configuration Space

= PCI-Compatible and Extended Config Space

= Do not rely on Extended Config space to be available in
legacy environments

v" Extended Configuration Space access may not be available
in legacy OS scenarios

v If access to Extended Configuration Space elements is
really needed, design for aliasing elements through a BAR
or PCl-Compatible Configuration Space region

= Note that registers critical to device functionality are all
located in PCI-Compatible Configuration Space

v PCI Express Capability Structure located below 256 bytes
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" Configuration Space

= Specification defined capabilities are for system software
use

v Device-specific software should rely on OS services for
access to these registers

v Writes to spec-defined capabilities are not recommended for
software other than system software (firmware / OS)

— Improper use can cause upgrade problems during OS migration

= Recommend that device-specific registers be located in
BAR regions
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“ Interrupts

= PCI Express supports three interrupt

mechanisms:

v INTx: level triggered
v" MSI: edge triggered
v" MSI-X: edge triggered; newly added via ECN

= INTX, MSI, & MSI-X are mutually exclusive

v" Enabling MSI or MSI-X disables INTx
SW is prohibited from enabling MSI & MSI-X concurrently
MSI/MSI-X are not controlled by (INTx) interrupt disable bit

MSI/MSI-X messages are memory write requests and can be disabled by
clearing the BME (Bus Master Enable) bit

MSI/MSI-X/INTx interrupts can only be signaled in DO state

NURNIRN

\
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~ Interrupts

= |Level triggered interrupts can result in interrupt storms

v" Especially high risk in virtual wire scenarios if de-assert
messages not sent correctly

v Be sure to:
— De-assert INTx in low-power states
— De-assert INTx when source becomes masked
— De-assert INTx when interrupts become disabled

v Asserts / De-asserts must be sent in pairs

= Switches must synthesize de-asserts as necessary
v For example, if attached device is surprise removed
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* Interrupts: Design Example

NOTE: Example intended to illustrate device
interrupt logic. Do not use example for hot-plug.

Slot Contral
Register Interrupt
Disable
Hot-plug X
Interrupt
Enable |
X . Activate INTX
Slot Status Mechanism
Register Command
Completed MSI
Interrupt Enable Enable
Command
Completaed — - Activate M3I
X X Interrupt Message
C Attention
i Button Pressed
Attention Enable
Button PME_En Bit
Pressed X {or host bridge
C equivalent)
Power Fault X
Detected Enable
Fower Fault
Detected x — Activate Wake
- Mechanism
‘—
C
MRL Sensor
Changad Enable
MRL Sensor
Changed X
C
Presence Detect
o D Changed Enzable
resence Detect . ;
Changed X } C | RegislerBi-
c Regi Bi
egistar Bit—
x ReadWrite
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- Power Management

= Devices cannot source memory on |O requests when in a non-DO
state

v Remember to de-assert any pending INTx interrupts when
transitioning out of DO to a low-power state

= PME_Turn_Off message can be received at any time
v" Not just in non-D0 states

v" Simply indicates to device that power and clocks are going to be
removed

— For example, can be received on system shutdown

= PME sequence is a two-stage process
v' Two-stage process:
— Wakeup is separated from request for service
v" Wakeup is responsible for getting clocks and power

v Service is requested through PME message
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~“ Power Negotiation

= Slot Power Notification mechanism

v Flexible and scalable mechanism to notify a PCI
Express adapter of additional available slot power

= Conditions that trigger the message:

v"On a Configuration Write to the Slot Capabilities
register (when the Data Link Layer reports DL_Up
status)

v" Anytime when a Link transitions from a non-
DL Up status to a DL_Up status
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'SIG
Event Flow

Set Slot Power Limit
Message with default value

System Power Up Device Power Up

A 4 A 4

Link Training Complete » | Link Training Complete

Set Slot Power Limit
Message with updated
high-power value

\ 4 \ 4
. Firmware writes / Device updates
>

Slot Power Limit Captured Power Limit
Time available l

for device to
initialize

Firmware enables device +
invokes option ROM Boot services execute
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Considerations

= Devices strongly encouraged to provide minimum level
of functionality within the CEM specification power

v" Driver or Option ROM can detect available power through
captured power limit registers

= Power Budgeting Extended Capability can allow
flexibility in power redistribution

v Implementation specific dynamic power redistribution

v Devices are strongly encouraged to implement this
capability
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Robustness Guidelines

= Don't rely on access to extended configuration space for PCI
compatible device operation

= |O BARs can be closed by system software for native PCI Express
devices

v Device may support an 10 BAR for booting in legacy environments

v" But... Native PCIl Express device must alias 10 resources through
MMIO as per PCI Express specification

= Do not hang on unexpected TLPs
v" For example, power changes or hot-plug messages

= Do not assume that TLPs can only arrive in certain states
v" For example, PME_Turn_Off

= Not sending de-asserts correctly for INTx can cause interrupt storms

Legacy software compatibility and transition strategy to

PCle-aware software environment must be considered
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* Firmware Guidelines

=  Firmware must correctly communicate configuration space
information to operating system

= Firmware support required for legacy compatible support in the
absence of a PCIl Express-aware OS

v" ExpressCard* hot-plug through ACPI
v" ACPI PME handling

=  Firmware must implement functionality for transition of services
to PCI Express aware OS

v" Native OS PME handling
v" Native OS hot-plug

= Firmware support required for correct power negotiation

v" Power budgeting can enable firmware to optimize power distribution
at boot
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eeg__ Firmware Initialization k2
Example
Initialize Slot Y
System Power
d On Power Limits Complete
,, BIOS POST
) e PME for
Chipset ACP ivery |
Initialization 3 Boot OS

PCIl Bus
Enumeration/
Configuration

Initialize ASPM

Initialize for
ACPI Hot-pluﬂ\ =~

Consider doing
Slot Power Limit
Initialization as
early as possible

Firmware plays a key role in enabling new PCle features
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=zt PCle Protocol/Config PO
Summary

= Legacy software compatibility and transition
strategy to PCI| Express-aware software
environment must be considered at all times

= MSI/MSI-X have major advantages over INTx, but
correct interrupt handling to avoid loss of edge-
triggered interrupts is not intuitive

= Implement MSI-X instead of MSI when multiple
vectors are merited

= Firmware plays key role in enabling new PCI
Express features

PCI-SIG Developers Conference APAC Tour 2005 Copyright © 2005, PCI-SIG, All Rights Reserved 16






