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= Feature Selection Considerations
= Chip Integration Considerations

= Summary
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Introduction

= Discuss PCIl Express implementation
considerations for Example SOC application

= Highlight critical trade-offs
v’ Features supported
v Die area
v Performance
= Help sort through
v Optional features
v Implied requirements
v Implementation specific choices

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 4



PClI ¢ PCI >
_“"ﬁ-;ia_ EXPRESS

Agenda

= Example Product Description

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 5



PCI ¢ PCI >
___-t;fﬁ' EXPRESS

SOC - Dual Endpoint/Root Complex
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Typical PCle SOC Building Blocks

= PCI| Express Port
= Buffers (Replay, RX, TX)
= System Bus Bridge
= Programming Registers
= Controllers

v'Hot-plug

v Interrupt

v'Power Management

= Diagnostic Support
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" Logical PCI Express Hierarchy

PM Host Interrupt = The Base Specification refers to
Controller Bridge Controller device typeS such as Root
Controlier i RCRB Complex, Switch, and Endpoint,
us . .
and defines the architecture and
intgrated | [RC Event | —____ protocols to interoperate in a PCle
Endpoint Collector Bri;lge Bri;Ige System
RooLt Cc_>m||olex = From a hardware implementation
ezt Bus1 | Bus2 perspective, the majority of the
PCIE Base Specification is represented
Endpolnt by the port or port(s) on the device
that incorporate the functionality of
Poridgs. the protocol layers as defined in
Switch Bus 3 the specification
(Logical) . . . .
seipail [Perperl [Pei-pei = Devices often have functionality in
Bridge Bridge Bridge addition to and outside the scope
: : of the specification
' Bus 4 ' Bus 5 Bus 6
' ' PCIE
Endpoint

PCI-SIG Developers Conference
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PCle Stack/Device Relationship
System Bus
PM H_OSt Interrupt  Unber TI and Annlication Snecific
Controller Bridge Controller System Interface
Hot-Plug
Controller RCRB !
Bus 0
Integrated || RC Event \ Space Transaction Layer
Endpoint || Collector PCI - PCI PCI - PCI A A
Bridge Bridge
\ 4 ) 4
R°°Lt Cc_>m|l:>lex \\ Data Link Layer and Bulk of
(Logical) i Logical Physical Layer
Y
PCIE '
Endpoint
Physical Interface Compliant with
the Intel PIPE Specification
PCI - PCI
Bridge
Switch Bus 3
(Logical)
PCI - PCI PCI - PCI PCI - PCI
Bridge Bridge Bridge
| |
0 0 PCI Express Link
l Bus 4 l Bus 5 Bus 6
| | PCIE
Endpoint
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ﬂﬁle of General Use PCle IP

= Make or Buy?
v What to look for in general use PCle IP

= Provides multiple levels of flexibility in terms of features,
area, and performance

v" Provides functional partitioning along natural protocol layer
boundaries

— Well-defined interfaces (e.g., PIPE)

— Supports full and partial hardware stacks
» For customers to incorporate proprietary functions/features

v Supports extensive pre-synthesis configurability and pin
programmability options

— Minimizes or eliminates unused logic
— Provides flexibility for multiple application support

v Provides ‘hooks’ for expansion and support of optional features
— Hot-plug, interrupts, error handling, power management

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 11
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Programmable ltems

= Configurable (pre-synthesis)
v" Maximum link width (performance & area)
v" Buffer sizes (performance & area)
v Number of virtual channels (performance & area)
v ECRC (area)
v" Configuration space capability structures (area)

= Programmable (flexibility)
v" Maximum link width
v" Buffer sizes
v Number of virtual channels
v ECRC
v" Configuration space capability registers
v" Device/port type support
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™" Example of General Use PCle IP
" Upper TL

v" Device specific TL
funCtiOna"ty System Interface

L ConfiguratiOn SpaCe ------------ % ““““ I;Jtzl;f/;rtlz_e
= Lower Transaction Layer - i e

Transaction Layer
v Common TL functions for _ —&® - & _ ____ __ TLDLP
a” deV|Ce types A 4 : A 4 Interface
] ) Data L!nk Layer.and Bulk of
= Data Link & Logical Phys. Logical Physical Layer S
7y nte
v PIPE, LTSSM, DLCMSM R " Interface
. Physical Interface Compliant with
= Physical Inte rface the Intel PIPE Specification
v PIPE, 8b/10b, e-FIFO
= Electrical Physical Layer Electrical Physical Layer
v" SerDes, PLL 1

PCI Express Link
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_ Features with Significant ===

Imgact on Die Area

Maximum link width

v Anything which needs to be handled on a per lane basis is multiplied by
number of lanes

— SerDes, Elastic FIFOs, 8b/10b encode/decode
v" LCRC generation/checking logic generally larger for wider links
v LTSSM

Buffer sizes (dependencies on Maximum Payload Size and number
of requests and completions supported)

v" Replay, RX and TX
Number of Virtual Channels

v Buffers, buffer management, arbitration logic, flow control logic
ECRC

v Generation and checking logic generally larger for wider links
AER

v" Many additional registers - for Root Ports there are even more registers
and considerations for system notification

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 15
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Area Optimization Options

= Consider port bifurcation when multiple ports are
required
v Enables reuse of SerDes lanes for more than one link
v Must consider optional support for intermediate link widths
v Also implies use of multiple protocol stacks
— Good trade-off since protocol logic area < (Protocol + PHY) area
= Optimize replay buffer size if TX payloads < RX payloads

v" Since replay buffer is associated with TX, the local device
determines maximum payload of outgomg packets

v Need to keep in mind how the Maximum Payload Size
parameter (Device Control Register) is used.

= ECRC

v Typically would use both generation and checking, but if the
application permits, use only one or the other.

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 16
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Port 2
x8 Protocol Stack

Port 1
x16 Protocol Stack

System Bus System Bus

System Interface System Interface
ommon Subset o
Space Transaction Layer

Data Link Layer and Bulk of
Logical Physical Layer

ommon Subset o
Space Transaction Layer

Data Link Layer and Bulk of
Logical Physical Layer

. T T __Intel PIPE
v Interface
MODE —» Port Bifurcation Logic and Physical Interface Logic
XO Electrical Physical Layer XO Electrical Physical Layer
Port 1 Port 1
Lanes 0 -7 Lanes 8 - 15
Port 2
Lanes 0 -7
MODE1 [N 16 — .
MODE 2 | X8 || X8 |
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MPS in Device Control Register

= Maximum Payload Size parameter is used for:

v Receive error checking
— Malformed TLP
- FCPE

v Replay timer timeout

v" As Endpoint, for L1 and ASPM L1 minimum Flow Control credit
accumulation

= |n an Endpoint, if TX payloads are < RX payloads, then
special system consideration may have to be given to
PM Flow Control credit accumulation
v" Root Complex (supporting peer-to-peer), initial CPLD credit

advertisement could be equivalent to largest Read Request Size
issued by Root Complex and this could be smaller than MPS.

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 18
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= Chip Integration Considerations
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Dual EP/RC Considerations
. HOt Reset A Sys(e‘ Logic PowerPC 440 Core

v Initiated from Root
Complex/received at Endpoint

= Configuration Requests
v Only from Root Complex

v Support for Configuration
Request Retry as Endpoint

= Messages
v" Message flow reversed

= |nterrupts

v Generation (EP & RC) versus
Termination (RC only)

= Power Management
v" Role reversals for L1 and
ASPM L1 entry 8
L ‘ |
= Hot Plug System-On-Chi R

v Controller versus Adapter
PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 20
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Reset Considerations

= Component must enter LTSSM Detect within 20ms of
the end of Fundamental Reset

v SOC initialization including internal PLL locks and PCle stack
initialization must complete in time

= Booting embedded processor from PCIl Express

v Need to ensure PCle stack initialization does not require
firmware support

= Minimum Hot Reset time is < 5ms

v Endpoint must manage how it will respond to Hot Reset and
complete internal ‘housekeeping’ in time

v" Physical layer must remain active to detect Hot Reset de-
assertion

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 21
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Root Port Error Consolidation

= Reporting PCle System Errors due to either error
messages (ERR_COR, ERR_NONFATAL, and
ERR_FATAL) received by the Root Port or Root Port
detected errors is controlled by the Root Control Register
(PCle System Error)

= Root Port generates PCle AER related interrupts if
enabled through the Root Error Command Register
(AER related MSI)

= Root Error Status Register is the consolidation of errors
from received error messages from the link AND errors
detected within the Root Port itself

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 22
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Uncorrectable Err

Root Port Consolidation

Root Control
Register
Root Error
Command Register

Root Error
Status Register

Error Source ID
Register

j— PCIE System Error
:)— PCIE AER MSI

PCI>>

EXPRESS

r Messages

Command

Register

Es ET: Signaled
nable System
Tf Error

Status
Register

Host
PM Bridge Interrupt
Controller Controller
Hot-Plug
Controller RCRE
Bus 0
Prima Prim:<
Integrated RC Event ] il
Endpoint Collector PCI - PCI PCI - PCI
Bridge Bridge
Secondary % dary
Root Complex
(Logical)
PCIE Bus 1 Bug 2
Endpoint
Primary
PCI - PCI Primary
Bridge Secondary
Switch Bus 3 Secondary
(Loglcal) Primary Primary Primary
PCI - PCI PCI - PCI PCI - PCI
Bridge Bridge Bridge
' Secondary ' Secondary Secondary
' Bus 4 ' Bus 5 Bus 6
PCIE
Endpoint

PCI-SIG Developers Conference

Bridge
Control
Register

SERR
Enable

Received
System
Error

Received
ERR_FATAL
or
ERR_NONFATAL
Message
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Root Control
Register :)— PCIE System Error
Host
PM Bridge Interrupt Root Error
Controller Controller i
Command Register D_ PCIE AER MSI
Hot-Plug
Controller RERE
Root Error
Bus 0 Status Register
\< Error Source ID
Prima Prima i i Regist
Integrated RC Event ry ry Root Port Consolidation egister
Endpoint Collector PCI - PCI PCI - PCI
Bridge Bridge
Secondary % dary
Root Complex
(Logical)
Bus 1 Bus 2 Command SERR -
el Register Enable Signaled Status
Endpoint System Register
Error
Primary
Primal
PCI - PCI v
Bridge Secondary
Switch Bus 3 Secondary
(Loglcal) Primary Primary Primary
PCI - PCI PCI - PCI PCI - PCI
Bridge Bridge Bridge
™ Bridge SERR Received Secondary
' Secondary ' Secondary Secondary Control Enabl System Status
Register nable Error Register
' Bus 4 ' Bus 5 Bus 6
PCIE
Endpoint
Received
ERR_COR
Message
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. Root Port Detects

@
Register D— PCIE System Error
Host
PM Bridge Interrupt Root Error
Controller Controller i
Command Register } PCIE AER MSI
Hot-Plug
Controller BCRE
Root Error
Bus 0 Status Register
\< Error Source ID
Prima Prima i i Regist
s RC Event ry ry Root Port Consolidation egister
Endpoint Collector PCI - PCI PCI - PCI
Bridge Bridge
Secondary Secoydary
Root Complex N _
q Device Control
(Loglcal) Register [ Uncorrectable Error
PCIE Bus 1 Bug 2 | Severity Register
Endpoint Command SERR po—
Prima Register Enable Sgstem Status
y érmr Register
PCI - PCI
Bridge
Switch Bus 3 Secondary Uncorrectable Error Uncorrectable Error
a Status Register Mask Register
(Logical) Primary Primary Primary AER Capabilities &
PCI - PCI PCI - PCI PCI - PCI Root Port Device Status | Control Register
Bridge Bridge Bridge Detected Register | Header Log Register
' Secondary ' Secondary Secondary Uncorrectable
Primary Error
' Bus 4 ' Bus 5 Bus 6 Secondary
PCIE
Endpoint
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. Root Port Detects

Root Control
Register :)— PCIE System Error
Root Error
Command Register D_

Root Error
Status Register
Error Source ID

Register

PCIE AER MSI

PCI ==
EXPRESS"

Signaled
System
Error

Status
Register

Correctable Error
Status Register

!

Correctable Error
Mask Register

Root Port Device Status
Detected Register
Correctable
Error

Host
PM Bridge Interrupt
Controller Controller
Hot-Plug
Controller RCRE
Bus 0
Prima Prim:< i i
Integrated RC Event ry ry Root Port Consolidation
Endpoint Collector PCI - PCI PCI - PCI
Bridge Bridge
Secondary w dary
Root Complex
(Logical) Device Control
PCIE Bus 1 Bus 2 Register
Endpoint
Pri Command SERR
rimary Register Enable
PCI - PCI
Bridge
Switch Bus 3 Secondary
(Loglcal) Primary Primary Primary
PCI - PCI PCI - PCI PCI - PCI
Bridge Bridge Bridge
' Secondary ' Secondary Secondary
Primary
' Bus 4 ' Bus 5 Bus 6 Secondary
PCIE
Endpoint
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T

| BRIDGE CONTROL REGISTER - SERR ENABLE }

ROOT ERROR COMMAND REGISTER - FATAL_REPORT_ENABLE I

-
]
H '
0
: !
]
| COMMAND REGISTER - SERR ENABLE [—1 H
ROOT PORT DETECTED CORR ERROR 1 ® H
0
i ! B ’
RECEIVED CORR ERROR MSG ! @ |— !
ROOT CONTROL REGISTER - SYSTEM ERROR ON CORR ENABLE } i 0
]
ROOT PORT DETECTED NONFATAL ERROR : ® 0
' ® PCI EXPRESS |
' D—@— SYSTEM i
RECEIVED NONFATAL ERROR MSG ' @ |— ERROR :
ROOT PORT DETECTED FATAL ERROR ¢ '
]
| ROOT CONTROL REGISTER - SYSTEM ERROR ON NONFATAL ENABLE | ' ® :
’ ! @ B ’
RECEIVED FATAL ERROR MSG —e |— H
| ROOT CONTROL REGISTER - SYSTEM ERROR ON FATAL ENABLE } A ;
1 ]
1 ]
1 ]
| o '
1 ]
| |_ ;
ROOT ERROR COMMAND REGISTER - CORR_REPORT_ENABLE } i 0
1 ]
0
; PCI EXPRESS |
' — ERROR H
; INTERRUPT 1
L [ (AER-MSI) ]
ROOT ERROR COMMAND REGISTER - NONFATAL_REPORT_ENABLE | 4 '
; '
1 ]
1 ]
1 ]
. DD} i
: [ :
1
! &

Application Specific - EXAMPLE ONLY -
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' Interrupt Considerations

= Several potential interrupt sources
v" MSI/MSI-X and INTx
v PME
v" Errors and System Errors
v" Hot-plug events

= |ndividual interrupts or consolidation?
v" Number of ports
v" Size of supported hierarchy
v" Number of interrupt controllers
= How are interrupts to be terminated in Root Complex?

v" MSI| addresses mapped to interrupt controller?
v INTx as physical wires from Root Port to interrupt controller?

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 28



morl__ 29

Power Management Considerations

= L1 and ASPM LOs (as receiver) are required
= ASPM LOs (TX is PCle optional)

v Look for TX support since driver power can be a significant
contributor

= ASPM L1 (PCle optional)

v' Many early customers have this on their list

= L2 (PCle optional)

v Useful low power state if also enabled for shutting down unused
ports

— Active port (with no device connected) will perform Receiver Detect
every 12ms

— Must have method of shutting down unused ports with no device
attached (i.e., not able to perform normal L-state transition)

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 29
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™" Hot-Plug Considerations

= Controller on-chip or off-chip?

v"Number of chip-level I/O about the same in either
case

= PCle stack should provide necessary hooks
to/from configuration space

v Control outputs
v' Status inputs
v Event notification

PCI-SIG Developers Conference Copyright © 2004, PCI-SIG, All Rights Reserved 30
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__" Hot-Plug Controller Concept

Hot-Plug Controller

ATTENTION BUTTON (Slot)

ATTENTION INDICATOR CONTROL[1:0] (PCIE Stack)

POWER INDICATOR CONTROL[1:0] (PCIE Stack)

POWER CONTROLLER CONTROL (PCIE Stack) __|

PRSNT2# (Connector)

MRL SENSOR (Slot)

POWER FAULT (Slot)

» ATTENTION BUTTON PRESSED (PCIE Stack)

» MRL SENSOR STATE (PCIE Stack)

» MRL SENSOR CHANGED (PCIE Stack)

» SLOT DETECT STATE (PCIE Stack)

» SLOT DETECT CHANGED (PCIE Stack)

Indicator Control
llonll/lloffll/IIBIinkll

» COMMAND COMPLETE (PCIE Stack)

Indicator Control
"On"/"Off"/"Blink"

» ATTENTION INDICATOR (Slot)

5 POWER INDICATOR (Slot)

POWER FAULT DETECTED (PCIE Stack)

Control
&

Status
—@———— >
®— >
>

Slot Power
Control

\4

5 POWER ON/OFF (Slot)

» RESET ON/OFF (Slot)

PCI-SIG Developers Conference
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' Debug Considerations

= Near-end loop back (SerDes specific)
v" Helpful diagnostic support for high-availability systems
PCle (far-end) loop back

v" Master mode (PCle optional) support is important

= On-chip logic analyzer access points

v" Functional partitioning within PCle stack should provide
considerable access

Performance monitors

v" Primarily consisting of counters and timers

v For multi-port devices, could be consolidated (die area)
Error Injection

v Good for simulation and perhaps for initial system bring-up
v Keep it simple — sophisticated mechanisms can be expensive
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Miscellaneous Considerations

= PIPE (Intel PHY Interface for PCl Express)

v If developing upper protocol layers, look for PIPE
support from third party PHY vendors

v Ensures level of portability between foundries
= PHY Integration Considerations
v Please see your PHY provider

= System Memory Map

v" Address Decode
— BARSs and Base/Limit Registers

v Address Translation
— System specific
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PCI
EXTRES Express Reference
PIN Link Clock
A A T
;E—His——: b
4
(3] ROM >
\ 4 \ 4 22 €»{ UART >
=3 E’ E UART —>
DDR <
Hot-plug SDRAM o +
Controller PLB-OPB ~
Controll . o
ontroller Bridge — % N >
Y
| ) ¥ ¢ | &
Processor Local Bus (PLB) + ARB s USB 1.1
T f ¢ ¢ A g ! Host | >
2
32K 32K SRAM 64K 10/100 2 E
|-Cache D-Cache Control [ SRAM Ethernet }, 2l 12C € >
MAC « S
het [ €—» O
Interrupt A
440 CP Controller ) | GPIO < >
0 CPU System Logic
Clocks
P Power Mgmt
| JTAG | Trace | Timers | Traceg o orT led—
PowerPC 440 Core PLLs
System-On-Chip v v \ 2 /
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' Concluding Remarks

= PCI Express SOC implementations should be
straightforward

= Just need to keep in mind critical trade-offs...

v’ Features supported
v Die area
v Performance

= ...and consider what to select and integrate
v Optional features
v Implied requirements
v Implementation specific choices
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Thank you for attending the
PCI-SIG Developers Conference 2004.

For more information please go to
WWW.PCisig.com
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