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e Example:  MNDSHARE
Intel 955 Chipset Based PC System
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S /) MINDSHARE

' PCl Bus Features

= Processor Independence

= Support for 256 functional devices per bus
= Support for up to 256 PCI buses

= Low power consumption

= Burst transactions supported

= 33MHz or 66 MHz top frequencies

= 32- or 64-bit data bus width

= Access time as little as 2 clocks for writes, 3
clocks for reads
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PCI| Bus Features, continued

= Concurrent bus operation

= Bus master support

= Hidden bus arbitration

= Low pin count

= Transaction integrity checking

= Three address spaces:
v" Memory (4GB optionally 16EB),
v 1/0O (64KB optionally 4GB), &
v Configuration

= Auto configuration
= Software transparency
= Add-in cards with different dimensions
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PC Address Space Mapping

Memory Map
4GB/ 16 ER
PCI
Configuration
Space
16MB

DRAM Boundary

Extended
Memory

1MB

Boot ROM

Expansion ROM

Legacy Video

640KB

Conventional
Memory
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PCIl Transaction
Protocol
Fundamentals
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Clock
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Frame#
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Clock

Addr/Data
CMD/BE#s

11
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Clock

Addr/Data
CMD/BE#s
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Address

Phase

Addr/Data
CMD/BE#s
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Data Phases

Address

Addr/Data §_<Ad§1rx nim)

CMD/BE#s \—(Gma XZm)

IRDY# _“'_—L_
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Clalmlng the Transaction

Address

CIOCk Phasei \ r \ /—\ r \ r
Frame# _\ :

Addr/Data .—<Ader m‘m)

CMD/BE#s —(cm )(Enab.es)
IRDY# _“"_—L_
TROY# |~ | \

J 1
) ~“uh 3

DEVSEL# |~ | \ .
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Address

Addr/Data §_<Ad§1rx nim)

CMD/BE#s +——Cmd Y52
ROY# |~ 1\ i

TRDY# _”1
DEVSEL# | — | \ !
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Address

Addr/Data —<Ader Data)
CMD/BE#s —<Cmd y & 5)

IRDY# _”_l_

TRDY# _”1
DEVSEL# | ~ | \ |
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Address

Addr/Data —<Ader Data)
CMD/BE#s —<Cmd y & 5)

IRDY# _”_l_

TRDY# _”1
DEVSEL# | ~ | \ |
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Addr/Data —<Ader Data)
CMD/BE#s —<Cmd y & 5)

IRDY# _“"_—\_’_

TRDY# _”1
DEVSEL# | — | \ !
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Addr/Data —(Ader Data X Data)
CMD/BE#s —<Cmd XEnabIe Enables)

IRDY# _“"_—\ i
TRDY# _31

~

DEVSEL# ” \
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Addr/Data —(Ader Data X Data)
CMD/BE#s —<Cmd XEnabIe Enables)

IRDY# _“"_—\ i
TRDY# _31

~

DEVSEL# ” \
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Addr/Data —(Ader Data X Data)
CMD/BE#s —<Cmd XEnabIe Enables)
ROY# | = 0\ |
TRDY# | =~ | \

J 1
) ~“uh 3

DEVSEL# ;“g \
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Addr/Data —(Ader Data X Data)

CMD/BE#S _<Cmd XEnabIeQ(E Ies)
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L —
TRDY# 5 5 \ *
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Addr/Data —(Ader Data X Data)

CMD/BE#S _<Cmd XEnabIeQ(E Ies)
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L —
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Address Data Data

Framet#

Addr/Data —(Ader Data X Data)

CMD/BE#S _<Cmd XEnabIeQ(E Ies)
IRDY# T“i \ -
L —
TRDY# 5 5 \ *

J 1
} ~“uh 3

DEVSEL# ;“g \
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The Last Data Phase

Address Data Data

ase Phase Phase
Clock 4"“\_‘? /—\ /_\_/_
Frame# 5 : [ ,
Addr/Data —(AddrxDataxData) .
CMD/BE#S _<Cmd XEnabIe Enables)
RDY# | — | \ ]
TROY# | = |

J 1
) ~“uh 3

DEVSEL# | ~ | \
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Address Data —
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Address Data —
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Address Data Data

ase Phase Phase
Clock ’i Ph e /—\ /_\_/_
Frame# i : / . .
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Address Data Data

ase Phase Phase
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Frame# i : / . .
Addr/Data —(Ader Data X Data X Data > :
CMD/BE#S _<Cmd XEnable Er?i?es)(Enﬁes)

TRDY# T{}?_\ é g i

J 1
) ~“uh 3

DEVSEL# ;“g \

PCI-SIG Developers Conference Copyright © 2008, PCI-SIG, All Rights Reserved

N/

31



Address Data Data Data

ase Phase Phase Phase i
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Address P?lata P?‘:t; P?Iata :
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Address Data Data Data

ase Phase Phase Phase i
Clock 'E Ph = 1‘_’! : : - ‘E, \ :,_
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Address Data Data Data
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Reflected Wave Switching

IDevice- IDevice- |Device- IDevice- IDevice- IDevice- IDevice- IDevice- IDevice- IDevice-
One Two Three Four Five Six Seven| | Eight | | Nine Ten

Trace
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Note that CLK is not a reflected-wave signal.

PCI CLK Cycle

A0ns (at 33MHz) "
|
I
|
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Note that CLK is not a reflected-wave signal.

PCI CLK Cycle
30ns (at 33MHz)

I
I
|
Tprop I Tsu |
10ns max I7ns minl

¥
I
I
|
I
I
I
I
I
I
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Bus Master-related Signals

Required
Signals

AD[31:0]

Address/Data
and Command

C/BE#[3:0]

PAR

PCI

FRAME#

TRDY#

¢ Compliant
Master

Interface

IRDY#

Device

{
{

Control STOP#:
DEVSEL#,
REQ#
Arbitration { GNT#
System { RST#
PERR#

Error
Reporting{ SERR#

PCI-SIG Developers Conference
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Optional
Signals

AD[63:32]

C/BE#[7:4] 64-Bit

Extension
PARG4

I

REQ64#

L

ACKG64#

CLKRUN#_ Clock Control

. 3.3Vaux

Power Management
(added in 2.2)

PME# }

TDI

DO > JTAG
TCK (IEEE
TMS 1149.1)
TRST#
INTA# N
INTB#

- Interrupt
INTC# > Request
INTD#

A\ 4
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Target-related Signals

Address/Data
and Command

Interface
Control

System

Error
Reporting
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Required

Optional

Signals

AD[31:0]

C/BE#[3:0]

PAR
FRAME#
TRDY#
IRDY#
~ STOP#
_DEVSEL#

IDSEL ,

A

A

CLK
RST#

PERR#
SERR#

{
{:

Copyright © 2008,
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Compliant

Target
Device

Signals

AD[63:32]

C/BE#[7:4]

PARG4
REQ64#
ACK6B4#

CLKRUN#

————————— >

64-Bit
Extension

Clock Control

}

PME#

Power Management
3.3Vaux )

(added in 2.2)

TDI
TDO

(IEEE
™S 1149.1)
TRST#
INTA# .
INTB# nt t
> nterrup
INTC# > Request

INTD#
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Arbitration Signaling
REQO#
D(I:\Ei:(l:e GNTO#
REQ1#
_ Dg\ﬁée GNT1#
Hidden Bus .
Arbitration e Pl
Device GNT2# ~{Arbiter
<
REQ3#
Dg\fﬂ:e _ GNT3#
REQA4#
Dg’\ﬁ'ce . GNT4#
42
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&iﬁE . . . | MmosHaRe
xamEIe Arbiter with fairness

First Group

First Group: Short Latency Devices

Second Group: Long Latency Devices

Second Group
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““The Command Set

Table 1-1: PCI Command Types

C/BE[3:0]# Command Type
(binary)
0000 Interrupt Acknowledge
0001 Special Cycle
0010 I/O Read
0011 I/O Write
0100 Reserved
0101 Reserved
0110 Memory Read
0111 Memory Write
1000 Reserved
1001 Reserved
1010 Configuration Read
1011 Configuration Write
1100 Memory Read Multiple
1101 Dual Address Cycle
1110 Memory Read Line
1111 Memory Write-and-Invalidate

PCI-SIG Developers Conference Copyright © 2008, PCI-SIG, All Rights Reserved
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State

Data Phase

Wait

Address
Phase

ngle Data Phase Read

S

—_—10C

FRAME#
AD[31:0]
C/BE#[3:0]
DEVSEL#
GNT#

45
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™ Example Burst Read
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Wait Wait Wait
State State State

Address Data Phase 1 Data Phase 2 Data Phase 3
Phase

CLK

R T T B
PRAMES \ [
AD :j [ Data }<D621ta>< Data } :j

__'Bus\/ _Byte B .
C/BE# — Cmd Enables Endbles Enables 4 w.

e
| *— !
IRDY# | _\ |
oA

L~
! Y !
DEVSEL# ; ;\

GNT# L/ |
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d Burst Read

™ Optimize

Data

Data
Phase 2 | Phase 3

Data Phase 1

Phase

Address

FRAME#

Byte
ELIES

Byte
Enables En

DEVSEL#

47
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ngle Data Phase Write

™ Sing

Data
Phase

Phase

Address

1
1
=
<
o4
LL

AD[31:0]
C/BE#[3:0]
DEVSEL#

48
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Burst Write

State

Wait

Wait

State

Wait

State

Data Phase 3

Data

Address| Data
Phase |Phase 1 |Phase 2

FRAME#

DEVSEL#

49
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Configuration Transactions

= Each PCI device must be identified and
configured.
= Devices are identified by:
v Bus number on which they reside
v Device number
v Function number within the device
v’ Byte location with 256 Bytes of config. space
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8

Processor

Processor

Processor

4

4

Processor

i

[ Address Port || Data Port |

Host/PCI Bridge

Bus =0

Subord =3

“—>

* PCIBus 0
'

v

PCl-to-PCI
Bridge

Primary =0
Secondary =
Subord =3

1

+ PCl Bus 1
>

Main
Memory

hE"

v

PCI-to-PClI
Bridge

Primary =1
Secondary =2
Subord =2

PCl-to-PCI
Bridge

Primary =1
Secondary =3
Subord =3

+ PCI Bus 2
>

PCI-SIG Developers Conference

A

PCIBus 3

<

>
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[ Address Port ||

Data Port |

Host/PCI Bridge
Bus =4
Subord =5

PCI-to-PClI
Bridge

Primary =4
Secondary =5
Subord =5

PCI Bus 4

+ PCI Bus 5

/\ MINDSHARE
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eag__ Configuration Address s
Generation (mechanism #1)

Configuration Address Register

Writes to the Configuration Address Register
|dentifies configuration location to be accessed.

Configuration Data Register

Reads from or Writes to the Configuration Data Register
Causes a configuration read or write transaction to be
Performed.
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Configuration Address Registers

OCFBh OCFAh OCF9h OCF8h
31 30 24 23 16 15 1110 8 7 210
Bus Device :
\Z Reserved Number | Number [Number| Poubleword| 00

Should always be zeros

1 = enabled

PCI-SIG Developers Conference
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Enable Configuration Space Mapping
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Conflg ycle Address Bus Contents

-

Target configuration doubleword number

31 11 10 87 21 0
Function DW
Reserved Number | Number | O] O
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IDSEL Generation

Configuration Register
\1\ Reserved \ Bus \Device \Func\ Dword ‘oo
CPUPCI Device-to-IDSEL
Bridge Decoder
S e
> >
(D)
a A
» %
= i
EIRERREEEEELELS o
— —
L I
) n
al a
\4 \4
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IDSEL Generation

AD20

rmwno—

Processor
Host/PCI
Bridge
AD16 AD17 AD18 AD19
[ I [ I
D D D D
S S S S
E E E E
L L L L
P P P P
| I | I
N N N N
Device Device Device Device
0 3

PCI-SIG Developers Conference
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ea¢__ Type 1 Configuration T——
Transactions

Doubleword number in device's configuration space

31 24 23 16 15 1110 8 7 v 21 0
Bus Device Function DW
Reserved Number Number Number Number | O|1
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Header Type Zero

Doubleword
Number
(in decimal)

Byte

2

Class Code

—1—‘

Device Vendor
ID ID
Status Command
Register Register
feggn |

Revision
|

Latency| Cache
Timer

Base Add

ress 0

Base Add

ress 1

Base Add

ress 2

Base Add

ress 3

Base Add

ress 4

Base Add

ress 5

Subsystem ID

CardBus CIS Pointer

Subsystem
Vendor ID

Expansion ROM
Base Address

Reserved Capabilities

Pointer

Reserved

Max_Lat| Min_Gnt

Interrupt| Interrupt
Pin Line

.Required configuration registers

Copyright © 2008, PCI-SIG, All Rights Reserved

00
01

07

08

09

10

11

12

13

14

15

/' MINDSHARE
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™" Registers that ID the Device

Doubleword
~Number
(in decimal)

Byte
3

1 0
A A
Vendor ’ 00
ID
01

§ Device
ID

Status

Ar

Command ’
Pegister ’

REVISION 02
ID

Latency CLa,Che 03
Timer !

Base Address 0 04
05

Base Address 1

Base Address 2 06
Base Address 3 07
4 08

5 09

10

inter

Subsystem ID| Subsystem 11

Vendor ID
Expansion ROM 12
Base Address
Reserved Capabilitieq | 13
Pointer
Reserved 14

i Interrupt| Interrupt| | 15
Max_Lat| Min_Gnt o p Cine

.Required configuration registers
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Class Code Register Format

23

16 15 8 7

Class Code

Sub-Class Code

Prog. I/F

PCI-SIG Developers Conference
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Command Register Format

15 10 98 76 5 4 3 2 1 0

Reserved

Fast Back-to-Back Enable_ T A A A A A A A

SERR# Enable

Stepping Control

Parity Error Response

VGA Palette Snoop Enable

Memory Write and Invalidate Enable

Special Cycles

Bus Master

Memory Space

IO Space
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" Status Register Format

151413 12 1110 9 8 7 6 5 4 3

/), MINDSHARE

2.2

‘2.2

Reserved

A 3 A A 3 A A

A

A

A

Capabilities List; new in 2.2
66MHz-Capable

Was UDF Supported; now Reserved in 2.2

Fast Back-to-Back Capable

Master Data Parity Error

DEVSEL Timing

Signalled Target-Abort

Received Target-Abort

Received Master-Abort

Signalled System Error

Detected Parity Error

PCI-SIG Developers Conference
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™ Header Type Register Format

Header Type

Configuration header format

O = single-function device
1 = multi-function device
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BIST Register Format

/7 6 5 4 3 0
Completion
Reserved Code
T T_Start BIST
BIST Capable
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32-Bit Memory Bar

Base Address

/ 00 = 4GB Range

Prefetchable 10 = 16EB Range
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64-Bit Memory Bar

63 32 31 432 10
Upper 32 bits of Base Address Lower part of Base Address 0
A
Pefetchable T
Type

00 - 32-bit decoder. Locate anywhere in lower 4GB

01 - locate below 1MB (reserved in 2.2 sgec)

10 - 64-bit decoder. Locate anywhere in 2** memory
space (implies this register is 64-bits wide and
consumes next dword of config space as well
as this one).

11 - reserved

Memory space indicator
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| |O Bar

31 2 1 0
Base Address 1J

Reserved T
/O Space Indicator
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PCI Interrupt Deliver Mechanisms

= INTx Interrupt Delivery (x=A, B, C, or D)

= Message Signaled Interrupts - MSI
(via Memory Writes)

= Enhanced Message Signaled Interrupts - MSI-X
(via Memory Writes)
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Interrupt Signal Routing

INTA#
INTA# Py
INTB# ISA
Slave
Programmable 8259A
Interrupt Interrupt
Router Controller
INTA# Py
IRQO8
IRQ9 (IRQ2)
IRQ10
INTA# ° IRQ11
INTB# IRQ12 MIS?
INTC# IRO13 aster
Input 0#
INTD# nPd IRQ14 8259A
. Input 1# [RQ15 Interrupt
Input 2# Controller

INTA# * Input 3#

[RQO

IRQ1

IRO3 R
INTA# ROA
INTB# ROS

IRQ6

IRQ7
INTA#
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Interrupt Sharing
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Message Signaled Interrupts

= Allow master to send interrupts via Memory
Write transaction.

= Software assigns memory address location to
write to within CPU/PCI bridge and assigns data
value to be written.
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- Advantages of MSI

= No interrupt traces required

= No interrupt sharing

= No device driver chaining

= MSI can identify the service to be performed

= No read needed to ensure write buffers are
flushed
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32 & 64 Bit Versions

31 16 15 8 7 Offset
Message Control Register Pointer to Next ID [Capability ID = 05h 00h
Message Address Register 04h
Reserved Message Data Register 08h
Mask Bits OCh
Pending Bits 10h

31 16 15 8 7 0
Message Control Register Pointer to Next ID [Capability ID = 05h 00h
Least-Significant 32 bits of Message Address Register 04h
Most-Significant 32 bits of Message Address Register 08h
Reserved Message Data Register OCh
Mask Bits 10h
Pending Bits 14h
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Thank you for attending the
PCI-SIG Developers Conference 2008

For more information please go to
WWW.pCISig.com
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