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“‘What's all this PCI stuff anyway?

= Presentation will cover basic concepts and their
evolution from PCI™ through PCI-X™ to PCI
Express®

v Specs written assuming designers have these key
background concepts

v High level overview of PCI, PCI-X, PCI Express
— Brief introduction to PCI Express Power Management
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Revolutionary AND Evolutionary

= PCI

v Revolutionary

— Plug and Play jumperless configuration (BARS)

— Unprecedented bandwidth
e 32-bit/ 33MHz — 133MB/sec
* 64-bit / 66MHz — 533MB/sec

— Designed from day 1 for bus-mastering adapters

v Evolutionary

— System BIOS maps devices then operating systems boot and
run without further knowledge of PCI

— PCl-aware O/S could gain improved functionality
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Revolutionary AND Evolutionary

= PCI-X
v Revolutionary

— Unprecedented bandwidth
* Up to 1066MB/sec with 64-bit / 133MHz

— Registered bus protocol
» Eased electrical timing requirements
— Brought split transactions into PCI “world”

v Evolutionary

— PCI compatible at hardware *AND* software levels

— PCI-X 266/533 added as “mid-life” performance bump
« 2133MB/sec at PCI-X 266 and 4266MB/sec at PCI-X 533
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Revolutionary AND Evolutionary

= PCI Express (aka PCle®)

v Revolutionary

— Unprecedented bandwidth
* x1: 500MB/sec in *EACH* direction
* x16: 8000MB/sec in *EACH* direction

— “Relaxed” electricals due to serial bus architecture
« Point-to-point, low voltage, dual simplex with embedded clocking

v" Evolutionary

— PCI compatible at software level
« Configuration space, Power Management, etc
e Of course, PCle-aware O/S can get more functionality

— Transaction layer familiar to PCI/PCI-X designers

— System topology matches PCI/PCI-X

— PCle 2.0 doubled bandwidth from 250MB/s/lane to 500MB/s/lane
— PCle 3.0 will double again to 1GB/s/lane!
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“Address Spaces — Memory & I/O

= Memory space mapped cleanly to CPU semantics

v' 32-bits of address space initially

v" 64-bits introduced via Dual-Address Cycles (DAC)
— Extra clock of address time on PCI/PCI-X
— 4DWORD header in PCI Express

v" Burstable

= |/O space mapped cleanly to CPU semantics
v’ 32-bits of address space

— Actually much larger than CPUs of the time

v Non-burstable
— Most PCI implementations didn’t support
— PCI-X codified
— Carries forward to PCI Express
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Address Spaces — Configuration

= Configuration space???
v" Allows control of devices’ address decodes without conflict

v No conceptual mapping to CPU address space

— Memory-based access mechanisms introduced with PCI-X and
PCle

v Bus / Device / Function (aka BDF) form hierarchy-based address

— “Functions” allow multiple, logically independent agents in one
physical device.

e E.g. combination SCSI + Ethernet device
« 256 bytes or 4K bytes of configuration space per device

— PCI/PCI-X bridges form hierarchy

— PCle switches form hierarchy
* Look like PCI-PCI bridges to software

v “Type 0" and “Type 1” configuration cycles
— Type 0O: to same bus segment
— Type 1: to another bus segment
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- Configuration Space (cont’'d)
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Using Configuration Space

= Device ldentification Byte

v'VendorID: PCI-SIG assigned i
- - C@:“:@?:ﬂ "
v'DevicelD: Vendor self-assigned ’

v Subsystem VendorID: PCI-SIG st [l ] G )

. Base Address 0 oe

v Subsystem DevicelD: Vendor -

= Address Decode controls e ritent
v Software reads/writes BARS to sase Adiiess 4 ||
determine required size and maps pase paaresss )%

ap p ro p rl ate Iy Su uc_IS tem ’ 11
v"Memory, I/O, and bus-master capanson ROW |12
enables Reserved Caggit;iges 13

2 Reserved 14

= Other bus-oriented controls o] o a1
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eel__ Using Configuration Space —

Capabilities List

Bit 4
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Doubleword
Number
(in decimal)

Vendor ’

' 00
1D
L Command 01
Register Register
02

Class Code ’

Latency| Cache 03

Subsystem ID| Subsystem | &

Timer 'é'l';g

Base Address 0 04
Base Address 1 05
Base Address 2 06
Base Address 3 07
Base Address 4 08
Base Address 5 09

10

CardBus CIS Pointer

Vendor ID
Expansion ROM 12
Base Address
Reserved Capabilitied | LS
Pointer
Reserved 14

Max_Lat|Min Gnt| Interrupt|Interrupt|| 15

Pin Line
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eaf__ Using Configuration Space —
_____ Capabilities List (cont’d)

= Linked list

v Follow the list! Cannot assume fixed location of any
given feature in any given device

v" Features defined in their related specs:

— PCI-X
— PCle
— PCI Power Management
— Etc...
31 16 15 8 7 0)

Pointer to

Feature_specrnc Next Capability Capability ID Dword O

Configuration Registers Digel &
Dword n
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eaf__ Using Configuration Space —
Extended Capabilities List

= PCI Express only
= Linked list

v Follow the list! Cannot assume fixed location of any

given feature in any given device
v First entry in list is *always* at 100h

v Features defined in PCI Express specification

31 2019 16 15 8 7 0
Pointer to Next Versi o
Capability sl Capability 1D
Feature-specific Configuration Registers
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Interrupts

= PClintroduced INTA#, INTB#, INTC#, INTD# -
collectively referred to as INTX

v Level sensitive
v Decoupled device from CPU interrupt
v System controlled INTx to CPU interrupt mapping

v" Configuration registers

— report A/B/C/D
— programmed with CPU interrupt number

= PCI Express mimics this via “virtual wire”
messages

v'Assert INTx and Deassert INTX
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What are MSI and MSI-X?

= Memory Write replaces previous interrupt
semantics

v PCI and PCI-X devices stop asserting INTA, INTB,
INTC, INTD once MSI or MSI-X mode is enabled

v PCI Express devices stop sending Assert_INTx and
Deassert INTx TLPs once MSI or MSI-X mode is
enabled

= NOTE: Boot devices and any device intended for
a non-MSI operating system generally must still
support the appropriate INTx signaling!
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'MSI vs MSI-X

= MSI uses one address with a variable data value
indicating which “vector” is asserting

= MSI-X uses a table of independent address and
data pairs for each “vector”

v Allows software to control aliasing (when fewer
vectors are allocated than requested)

v Table size supports more vectors than MSI structure
allowed
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PCI-X Explained
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‘What is PCI-X?

= “PCI-X Is high-performance backward
compatible PCI”

v PCI-X uses the same PCI architecture

v PCI-X leverages the same base protocols as PCI
v PCI-X leverages the same BIOS as PCI

v PCI-X uses the same connector as PCI.

v PCI-X and PCI products are interoperable

v PCI-X uses same software driver models as PCI

= PCI-X Is faster PCI

v PCI-X 533 is up to 32 times faster than the original
version of PCI

v PCI-X protocol is more efficient than conventional PCI
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PCI-X Modes and S

peeds

64-Bit 32-Bit .. | Error | Conf
Mode Vijo Slots* | MB/s | Slots* | MB/s | 0B | prot Bytes Dili
c’ PCI 33 5V/3.3V i i i i 266 i i i i 133 N/A par 256 N/A
i-
PCI 66 3.3V 533 266 N/A par 256 N/A

PCI-X 66

Mode 1 [ pci-x 133

(operating at

100 MHz)

I_I|
o
L

ﬁ
!
J

PCI-X 133

PCI-X 266

Mode 2

PCI-X 533

* For lower bus speeds, # slots / bus is implementation choice to share bandwidth
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PCI 2.x/3.0 vs. PCI-X Mode 1

= Same bus and control signals

= Evolutionary protocol changes New “Attribute”

_ phase for
Clock frequency up to 133 MHz enhanced features

1 2 3 4 5 6 7 8 9 10 11 12 1:2

© PCI_CLK

PCI_CLK ; : : : : : : : f
AD ——é—-(ADDR:ESSX .DATAO X DAT/ilXDAT/;ZXDATI:\3XDAT/;rX DAT/;ET) /:_'_':————:L— AD : : :::XOATAOXEATRlUATRZ X DATAa XDATALX DATAS) /':/*
C/IBE# ——E—-(BusCEMEX BE#sO LXBE#sLXBE#SZAX BE#$3XBE#$4XBE#$5) /—‘ __ Lk __E_ BUSC?VQ: ATT;R ii_é\(BE#SOXBE#slXBE#SZXBE#SBXBE#“XBE#%);——A/
T ;. g: g: ;: ;-/g—?/_“_FRAME# . %%~ 8 3 Q
: : : [ o o e e . 53 0 N . . ® (I (I | | o |
LN B R N s s R NI s ot ot vt
< )
¢ > ) Bus Transaction ’

Bus Transaction
=lo
[CoNVENTIONAL B
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eag__ PCI-X 66/133 (Mode 1) vs.
PCI-X 266/533 (Mode 2)

= Same bus and control signals

= PCI-X 266 moves 2x the data
PCI-X 533 moves 4x the data TS [0

= Clock frequency up to 133 MHz clock cycle

PCI_CLK
PCI_CLK i
AD ——E— '(ADDR.ESSX ATT.R‘X - X DATAD X DATA'»D( DATA.»Z‘X DATA-3 )(DATAQ-:: X DATAS ) 7 AD ¢
C/BE# ——g—-(BUSC:MDX ATT??T’ X BE#'sE—O X BE#‘%-D( BE#‘%»Z‘X BE#‘%&T( BE#'é:-zt‘X BE#‘%-?} “ C/BE# - m (BUs o X ATTRED’
IRDY#
IRDY#
TRDY#
R S I S TRDY#
DEVSEL# : : -

Bus Transaction

PCI-X 66/133 (Mode 1) PCI-X 533 (Mode 2)
source-

synchronous
data strobes
share C/BE pins
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Transaction Attributes

Requester Attributes for Burst Transactions

35 32 31 30 2928 24 23 16 15 1110 08 07 00
Requester Requester
Bytjepgi[mt R g g Tag =l Def/zi?:(luNeztnirber LB Bylt-gvcvgtmt
Number Number
C/BE[3-0)# AD[31:0]
Requester Attributes for DWORD Transactions
35 32 31 30 2928 24 23 16 15 1110 08 07 00
Requester Requester Requester
Byte Enables R g (F; Tag Bus Devicc(]e Number Function Reserved
Number Number
C/BE[3-0]# AD[31:0]
RO -- Relax ordering
NS -- No Snoop
R -- Reserved
23
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Transaction Attributes

Split Completion Address

3 0 31 30 29 28 24 23 16 15 11 10 08 07 06 00
R Requester Requester Requester
BUS CMD R|IR o Tag Bus Device Function R Lower Address [6:0]
Number Number Number
C/BE[3-0]# AD[31:0]
RO -- Relaxed ordering
Completer Attributes
3 0 31 30 29 28 24 23 16 15 11 10 08 07 00
B|S Completer Completer Completer
U S : . L
syecount | (NSNSl R e b || T
C/BE[3:0]# AD[31:0]
SCM -- Split Completion Message
SCE -- Split Completion Error
BCM -- Byte Count Modified
R -- Reserved
24
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Split Transactions

= Bus efficiency of Read almost as good as Write

= Split Completion routed back to requester across
bridges using initiator’'s number and bus number

= Split Transaction components
v’ Step 1. Requester requests bus and arbiter grants bus
v’ Step 2. Requester initiates transaction

v Step 3. Target (completer) communicates intent with new
target termination, Split Response

v Step 4. Completer executes transaction internally
v’ Step 5. Completer requests bus and arbiter grants bus
v' Step 6. Completer initiates Split Completion
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Bandwidth Usage with PCI-X Protocols,

Bandwidth Usage with Conventional PCI Protocols ) k
included in PCI-X 2.0

275 275
100% 100%
0 f , 0 System Overhead
250 : 250 Idle Time ;
Idle Time » -- Scheduling
Unused B
-- Unused BW 90% 90%
225 225 Transaction Overhead
80% -- Addressing and Routing
3 @ )
@ 0]
% 200 System Overhead 0% § o 20 70% Y
Q -- Scheduling =] b4 a
> s o S 175 S
m 60% = 0% 60% g
S Transaction Overhead S' o =
s 150 _ z A — 3] 150 —
ess ) 50% £ = 50% O
< w s R
S g5 T 125
s ! 0% 3 S 4% F
° s 35 5
3 S & 100 %
100 30% = ] 30%
@ = sl Transaction =
Data Payload 5
50 Transaction Data Payload 20% 50 -- Actual user 20%
-- Actual user data data
25 10% 25 10%
1 2 3 4 [ 1 2
Number of Load Exerciser Cards Number of Load Exerciser Cards

The PCI-X protocol is more efficient than traditional PCI.
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PCle Specifications

B — Base
I v rotocol
Transaction a ’ L
Form Factors: Q Data Link S - Bridge
— Card (CEM) _ e — /O Virtualization
—  Mini Card (MiniCEM) y

- eressvoauie (Y

— Cable

&

= Layered, scalable architecture
= Performance matched to applications

= |nnovative form factors
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= PCI-X Address/Attrlbute phases

PCle Protocol Overview

PCI_CLK
AD - — — —(ADDRl_EssX ATTB X X DATA-O X DATA.-1 X DATA-z X DATA_&-s X DATA§-4 X DATA?-S )~
C/BE# - — — —(BUS C;MDX ATTia Y X BE#'si-o X BE#'si-1 X BE#'si-Z X BE#'si-3 X BE#‘si-4 X BE#'%-s ) /‘
FRAME# & . \___ ' o .;.5 .:.5 .:.5 / .:,2 UE -
: : : = o 8 8 8 8
IRDY# R \; ;: ;: ;: ;: ;: Y
T = 3 2 = 9 2
S & & & &
DEVSEL# @ T T T AT : : : : an
= Evolved into the PCIe Packet Header:
?’6‘5 4‘3‘2‘1‘0?6‘5‘4 3‘2‘1‘0?65‘4 3‘21‘0 ?‘6‘5‘4 3‘2‘1‘0
yte O R X 1 Type R TC Reserved D|p Attr R Length
Byte 4 = Requester ID Tag La%tEDW 1SEEW
Byte 8 = Address[63:32]
Byte 12 = Address[31:2] R
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PCle Protocol Overview

= The packet bytes get converted to 8b/10b
and serialized

+0

+1 +2

+3

Byte 0 >

Byte 4 > /

SDP

r S

END

Symbol 0 Symbol 1

Symbol2 Symbol3 Symbol4 Symbold Symbol 6
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PCle Protocol Overview

Header and Payload from
Device Application/Transaction

1B

a

Layer
A
- N\
Header Data Payload ECRC
2B 3-4 DW 0-1024 DW 1DW  1DW

4

A

1

1

Created by Transaction Layer

A

A

Appended by Data Link Layer

End

1B

A

Appended by Physical Layer
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PCle Protocol Overview

= Framing varies depending on link width
v x1

STP Framing Symbol
added by Physical Layer

Reserved bits and
Sequence Number
added by

Data Link Layer

\\/_\ TLP generated by

Transaction Layer
L L L]

LCRC added by
Data Link Layer

END Framing Symbol
added by Physical Layer
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PCle Protocol Overview

= Framing varies depending on link width
v x4

Lane 0 Lane1 Lane 2 Lane 3

STP/END Framing Symbols-
Physical Layer

Sequence Number/LCRC-
Data Link Layer

TLP - Transaction Layer
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PCle Power Management

= PCl Power Management — Device Layer
v Introduced with Conventional PCI
v’ Software-driven, addresses devices not in use

v' DO — operating normally
v' D1 - reduced power

v' D2 — reduced power

— In both D1/D2, the device can’t *do* anything on the
bus except respond to configuration cycles

v D34 — device powered off
v D3, . — device all but powered off
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PCle Power Management

= Link Layer
v LO — operating normally
v LOs — one or both sides in low power mode
v L1 — lower powered mode
v L2 — deep power save mode but Vaux provided
v L3 — powered off

= Active State Power Management (ASPM)
v’ Software-invisible, addresses idle devices
v" LOs required — enter on timer, exit on activity

v' L1 optional — enter on timer or other conditions,
exit on activity
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PCle Power Management

= Dynamic Power Allocation (DPA)

v New configuration space reporting and selecting
different power “envelopes” for each device
function

— ECN against PCle 2.0 (appears in PCle 2.1 and 3.0)
— Endpoint-only
v Addresses fully functioning devices

v’ Software-set

— Allows trading off performance for power
— Exact “cost” of reduced power is device-dependent
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Thank you for attending the
PCI-SIG Developers Conference Asia-
Pacific Tour 2009

For more information please go to
WWW.PCISIg.COM
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