Intel® 82574 GbE Controller Family

Datasheet

Product Features

m PCIl Express™ (PCle*) = High Performance
— 64-bit address master support for systems — TCP segmentation capability compatible with
using more than 4 GB of physwal_memory Large Send offloading features
— Programmable host memory receive buffers — Support up to 256 KB TCP segmentation (TSO
(256 bytes to 16 KB) v2)
— Intelligent interrupt generation features to — Fragmented UDP checksum offload for packet
enhance driver performance reassemble
— Descriptor ring management hardware for — IPv4 and IPv6 checksum offload support
transmit and receive software controlled reset (receive, transmit, and large send)
(resets everything except the configuration — Split header support
space) ) — Receive Side Scaling (RSS) with two hardware
— Message Signaled Interrupts (MSI and MSI-X) receive queues
— Configurable receive and transmit data FIFO, — 9 KB jumbo frame support
programmable in 1 KB increments — 40 KB packet buffer size
= MAC ) ) ®m Manageability
— Flow Control Support compliant with the — NC-SI for remote management core
802.3X Specification — SMBus advanced pass through interface

— VLAN support compliant with the 802.1Q

Specification = Low Power

— Magic Packet* wake-up enable with unique

— MAC Addres_s filters: pe_rfec_t match unicast_ MAC address

— filters; mqltlcast hash filtering, broadcast filter — ACPI register set and power down functionality

— and promiscuous mode supporting DO andD3 states

— Statistics for management and RMOM — Full wake up support (APM and ACPI 2.0)

— MAC loopback — Smart power down at SO no link and Sx no link
= PHY — LAN disable function

— Compliant with the 1 Gb/s IEEE 802.3 802.3u 4 Technology
802.3ab Specifications — 9 mm x 9 mm 64-pin QFN package with

— IEEE 802.3ab auto negotiation support Exposed Pad*

— Full duplex operation at 10/100/1000 Mb/s — Configurable LED operation for customization
— Half duplex at 10/100 Mb/s of LED displays

— Auto MDI, MDI-X crossover at all speeds — TimeSync offload compliant with the 802.1as

specification
— Wider operating temperature range; -40 °C to
85 °C (82574IT only)

Order Number: 317694-016
April 2009 Revision 2.5
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1.0 Introduction
The 82574 family (82574L and 82574IT) are single, compact, low power components
that offer a fully-integrated Gigabit Ethernet Media Access Control (MAC) and Physical
Layer (PHY) port. The 82574 uses the PCI Express* (PCle*) architecture and provides a
single-port implementation in a relatively small area so it can be used for server and
client configurations as a LAN on Motherboard (LOM) design. The 82574 family can also
be used in embedded applications such as switch add-on cards and network appliances.
External interfaces provided on the 82574:
e PCle Rev. 1.1 (2.5 GHz) x1
= MDI (Copper) standard IEEE 802.3 Ethernet interface for 1000BASE-T, 100BASE-
TX, and 10BASE-T applications (802.3, 802.3u, and 802.3ab)
= NC-SI or SMBus connection to a Manageability Controller (MC)
= |EEE 1149.1 JTAG (note that BSDL testing is NOT supported)
Additional product details:
« 9 mm x 9 mm 64-pin QFN package
e Support for PCI 3.0 Vital Product Data (VPD)
= IPMI MC pass through; multi-drop NC-SI
= TimeSync offload compliant with 802.1as specification
1.1 Scope
This document presents the architecture (including device operation, pin descriptions,
register definitions, etc.) for the 82574. This document is intended to be a reference for
software device driver developers, board designers, test engineers, or others who
might need specific technical or programming information about the 82574.
1.2 Number Conventions

10

Unless otherwise specified, numbers are represented as follows:
= Hexadecimal numbers are identified by an "0x" suffix on the number (Ox2A, 0x12).

« Binary numbers are identified by a "b" suffix on the number (0011b). However,
values for SMBus transactions in diagrams are listed in binary without the "b" or in
hexadecimal without the "0x".

Any other numbers without a suffix are intended as decimal numbers.
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1.3 Acronyms

Following are a list of acronyms that are used throughout this document.

Acronym Definition
ACK Acknowledge.
ARA SMBus Alert Response Address.
ARP Address Resolution Protocol.
ASF Alert Standard Format. The manageability protocol specification defined by the DMTF.
MC Mana_geability Controller. The general name for an external TCO controller, relevant
only in TCO mode.
CSR Control and Status Register. Usually refers to a hardware register.
DHCP Dynamic Host Configuration Protocol. A TCP/IP protocol that enables a client to

receive a temporary IP address over the network from a remote server.

The international organization responsible for managing and maintaining the ASF

DMTF e
specification.
IEEE Institute of Electrical and Electronics Engineers.
P Internet Protocol. The protocol within TCP/IP that governs the breakup and

reassembly of data messages into packets and the packet routing within the network.

The 4-byte or 16-byte address that designates the Ethernet controller within the IP
IP Address communication protocol. This address is dynamic and can be updated frequently
during runtime.

IPMI Intelligent Platform Management Interface Specification.

LAN Local Area Network. Also known as the Ethernet.

The 6-byte address that designates Ethernet controller within the Ethernet protocol.

MAC Address This address is constant and unique per Ethernet controller.

NA Not Applicable.

NACK Not Acknowledged.

NC-SI Network Controller Sideband Interface. New DMTF industry standard sideband
interface.

NIC Network Interface Card. Generic name for a Ethernet controller that resides on a
Printed Circuit Board (PCB).

os Operating System. Usually designates the PC system’s software.
The SMBus checksum signature, sent at the end of an SMBus packet. An SMBus

PEC . N . . . ot
device can be configured either to require or not require this signature.

PET Platform Event Trap.

PT Pass-Through. Also known as TCO mode.

PSA SMBus Persistent Slave Address device. In the SMBus 2.0 specification, this
designates an SMBus device whose address is stored in non-volatile memory.

RMCP Remote Management and Control Protocol.

RSP RMCP Security Extensions Protocol.

SA Security Association.

11
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1.4

12

Acronym Definition
SMBus System Management Bus.
SNMP Simple Network Management Protocol.
TCO Total Cost of Ownership.
TBD To Be Defined.

Reference Documents

Specification

Document Name Version Owner Location

SMBL.‘S. . 2.0 SBS Forum http://www.smbus.org/

Specification

1°c Specification 2.1 Philli_ps http://www.philipslogic.com/
. Semiconductors ) ’ .

NC-SI 1.0 DMTF http://www.dmtf.org/

Search for NC-SI.

Other reference documents include:
« Intel® 82574 Family GbE Controller Specification Update, Intel Corporation.
= PCI Express* Specification v2.0 (2.5 GT/s)
= Advanced Configuration and Power Interface Specification
= PCI Bus Power Management Interface Specification
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1.5

Figure 1.

1.6

1.7

82574 Architecture Block Diagram

Figure 1 shows a high-level architecture block diagram for the 82574.

RMII SMBus PCle
RMII I/F PCle I/F
SMBus
I/F
NC-SI Rx/Tx DMA
Rx/Tx FIFO Rx/Tx FIFO
Transmit .
Switch Filter
MAC
PHY
Link

82574 Architecture Block Diagram

System Interface

The 82574 provides one PCle lane operating at 2.5 GHz with sufficient bandwidth to
support 1000 Mb/s transfer rate. 40 KB of on-chip buffering mitigates instantaneous
receive bandwidth demands and eliminates transmit under—runs by buffering the entire
outgoing packet prior to transmission.

Features Summary

This section describes the 82574’s features that were present in previous Intel client
GbE controllers and those features that are new to the 82574.

13
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Table 1. Network Features
Feature 82574 83573L
Compliant with the 1 Gb/s Ethernet 802.3 v v
802.3u 802.3ab specifications
Multi-speed operation: 10/100/1000 Mb/s Y
Full-duplex operation at 10/100/1000 Mb/s Y Y
Half-duplex operation at 10/100 Mb/s Y
Flow control support compliant with the 802.3X Y v
specification
VLAN support compliant with the 802.3q v v
specification
MAC address filters: perfect match unicast
filters; multicast hash filtering, broadcast filter Y Y
and promiscuous mode
Configurable LED operation for OEM v v
customization of LED displays
Statistics for management and RMON Y
MAC loopback Y Y
Table 2. Host Interface Features
Feature 82574 83573L
PCle interface to chipset Y Y
64-bit address master support for systems using Y v
more than 4 GB of physical memory
Programmable host memory receive buffers (256 v v
bytes to 16 KB)
Intelligent interrupt generation features to
X N Y Y

enhance software device driver performance
Descriptor ring management hardware for Y v
transmit and receive
Software controlled reset (resets everything

" N Y Y
except the configuration space)
Message Signaled Interrupts (MSI) Y Y
MSI1-X Y N

14
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Table 3. Manageability Features
Feature 82574 83573L
NC-SI over RMII for remote management core Y N
SMBus advanced pass through Y N
Table 4. Performance Features
Feature 82574 83573L
Configurable receive and transmit data FIFO; v v
programmable in 1 KB increments
TCP segmentation capability compatible with NT v v
5.x TCP Segmentation Offload (TSO) features
Supports up to 256 KB TSO (TSO v2) Y N
Fragmented UDP checksum offload for packet re- v v
assembly
IPv4 and IPv6 checksum offload support (receive, v v
transmit, and TSO)
Split header support Y Y
Receive Side Scaling (RSS) with two hardware v N
receive queues
Supports 9018-byte jumbo packets Y Y
Packet buffer size 40 KB 32 KB
TimeSync offload compliant with 802.1as v N
specification
Table 5. Power Management Features
Feature 82574 83573L
Magic packet wake-up enable with unique MAC v v
address
ACPI register set and power down functionality v v
supporting DO and D3 states
Full wake-up support (APM and ACPI 2.0) Y Y
Smart power down at SO no link and Sx no link Y Y
LAN disable functionality Y Y

15
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Product Codes

82574 GbE Controller—Introduction

Table 6 lists the product ordering codes for the 82574 family.

Product Ordering Codes

Part Number

Product Name

Description

Intel® 82574L Gigabit Network

Embedded and Entry Server GbE LAN.

WG82574L Connection Operates using a standard temperature
range (0 °C to 85 °C).
. . Embedded and Entry Si GbE LAN.
Intel® 82574IT Gigabit Network mboedde a_n " r_y erver
WG82574I1T Operates using a wider temperature

Connection

range (-40 °C to 85 °C).

16
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Note:

This page intentionally left blank.
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2.0 Pin Interface

2.1 Pin Assignments

The 82574 supports a 64-pin, 9 x 9 QFN package with an Exposed Pad* (e-Pad*). Note
that the e-Pad is ground.

zl =z
[
<
|>< < (%]
=
< @
lx|>|> [ (81 (%]
<55 de| 2 <22]|2
alSlmlim Slx|x| S 835 ®| 5%
m a2 9| FF] o |o|'a8|o|d]|alm
] = Tt Ol = = = = I B = = [ e e
olz|o|lo|"|™NEl Yol [Z|RN
P
48| 47|46|45(44(43|42|41|40(39(38(37|36|35|34|33
MDI_MINUS[3]| 49 32| VDD3p3
MDI_PLUS[3]| 50 31| LEDO
AVDD1p9| 51 30| LED1
MDI_MINUS[2]| 52 29| TEST_EN
MDI_PLUS[2]| 53 28| DEV_OFF_N
MDI_MINUS[1]| 54 27|VvDD1p0
e PECLK|
MDI_PLUS]1]| 55 64 Pin QFN 26 P
9mmx 9 mm
AVDDI1p9 56 0.5 mm pin pitch 25| PECLKn
MDI_MINUSI0] | 57 with Exposed Pad* 24| PE_Rp
MDI_PLUS[0] | 58 23| PE_Rn
DIS_REG10 | 59 22|AVDD1p9
vDD1po| 60 21| PE_Tp
AVDD1p9 | 61 20| PE_Tn
CTRL10 |62 19| vDD1p9
AVDD1p9 | 63 18| vDD1po
CTRL19 | 64 17| PE_RST N
1(2(3(4|5|6|7 |89 |1011[12|13|14|15 (16
>| 2 <|lz|Z o
SR EHEEREEEEIEEHEEE
Sl o'e| 8|l vl o' |'n| 22022 2
S-S D g = e W o el Ul B A R A B R R
gleolo| m = gl'9lg|® o|»| z
X2 S| | X| x| x | &
g|J|@ Ol o| |58 z| 3
S >|'g Pl S| R[S Kol
i) < —
G g

Figure 2. 82574 64-Pin, 9 x 9 QFN Package With e-Pad
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2.2 Pull-Up/Pull-Down Resistors and Strapping Options

« As stated in the Name and Function table columns, the internal Pull-Up/Pull-Down
(PU/PD) resistor values are 30 KQ #+ 50%o.

« Only relevant (digital) pins are listed; analog or bias and power pins have specific
considerations listed in Section 12.0.

= NVMT and AUX_PWR are used for a static configuration. They are sampled while
PE_RST_N is active and latched when PE_RST_N is deasserted. At other times,
they revert to their standard usage.

2.3 Signal Type Definition
In Input is a standard input-only signal.
Out (O) Totem pole output is a standard active driver.
T/s Tri-State is a bi-directional, tri-state input/output pin.

Sustained tri-state is an active low tri-state signal owned and driven by one and only one agent
S/t/s at a time. The agent that drives an s/t/s pin low must drive it high for at least one clock before
letting it float. A new agent cannot start driving an s/t/s signal any sooner than one clock after
the previous owner tri-states it.

o/d Open drain enables multiple devices to share as a wire-OR.
A-in Analog input signals.

A-out Analog output signals.

B Input bias.

NC-SI_in NC-SI input signal.

NC-SI_out | NC-SI output signal

2.3.1 PCle
Table 7. PCle
Symbol Lead # Type op Name and Function
Mode
PCle Differential Reference Clock In
PECLKp 26 ) This pin receives a 100 MHz differential clock input. This clock
PECLKnN 25 A-in Input is used as the reference clock for the PCle Tx/RX circuitry and
by the PCle core PLL to generate a 125 MHz clock and 250
MHz clock for the PCle core logic.
PCle Serial Data Output
PE_Tp 21 Serial differential output link in the PCle interface running at
PE Tn 20 A-out | Output | 2.5 Gb/s. This output carries both data and an embedded 2.5
- GHz clock that is recovered along with data at the receiving
end.

19
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Table 7.

2.3.2

Table 8.
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PCle
Op .
Symbol Lead # Type Mode Name and Function
PCle Serial Data Input
PE_Rp 24 Acin Input Serial differential input link in the PCle interface running at
PE_Rn 23 2.5 Gb/s. The embedded clock present in this input is
recovered along with the data.
Wake
The 82574 drives this signal to zero when it detects a wake-
y up event and either:
?.II_EK(\;NAI%EO—N 16 o/d Output | = The PME_en bit in PMCSR is 1b or
- = The APME bit of the Wake Up Control (WUC) register is
1b.
JTAG TDO Output.
Power and Clock Good Indication
PE_RST_N 17 In Input | The PE_RST_N signal indicates that both PCle power and
clock are available.
NVM Port
NVM Port
Symbol Lead # Type Op Name and Function
Mode
Serial Data Output
Connect this lead to the input of the Non-Volatile Memory
NVM_SI 12 T/s Output | (NVM).
Note: The NVM_SI port pin includes an internal pull-up
resistor.
Serial Data Input
NVM_SO 14 T/s Input Connect this lead to the ou.tp.ut of the NVM.
Note: The NVM_SO port pin includes an internal pull-up
resistor.
Non-Volatile Memory Serial Clock
NVM_SK 13 T/s Output | Note: The NVM_SK port pin includes an internal pull-up
resistor.
Non-Volatile Memory Chip Select Output
NVM_CS_N 15 T/s Output | Note: The NVM_CS port pin includes an internal pull-up
resistor.
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2.3.3

Table 9.

Note:

2.3.4

Table 10.

intel.

System Management Bus (SMBus) Interface

SMBus Interface

Symbol

Lead # Type

Op Mode Name and Function

SMB_DAT

36 T/s, o/d

Bi-dir Stable during the high period of the clock (unless it

SMBus Data

is a start or stop condition).

SMB_CLK

34 T/s, o/d

Bi-dir One clock pulse is generated for each data bit

SMBus Clock

transferred.

SMB_ALRT_N

35 T/s, o/d

Output Acts as an interrupt pin of a slave device on the

SMBus Alert

SMBus in pass-through mode.

If the SMBus is disconnected, an external pull-up should be used for these pins, unless
it is guaranteed that manageability is disabled in the 82574.

NC-SI and Testability

NC-SI and Testability

Oop )
Symbol Lead # Type Mode Name and Function
NC-SI Reference Clock Input
Synchronous clock reference for receive, transmit, and control
NC_SI_CLK_IN 5 _NC—SI_ Input interface. This signal is a 50 MHz clock +/- 50 ppm. _
in Note: If not used, should have an external pull-down resistor.
Also, this clock is in addition to and separate from the XTAL
clock.
- NC-SI Carrier Sense/Receive Data Valid (CRS/DV).
NC_SI_CRS. DV |3 E'Et S| output ( )
- NC-SI Receive Data O
NC_SI_RXDO 6 NC-SL_ | output _ .
out Data signals to the Manageability Controller (MC).
- NC-SI Receive Data 1
NC_SI_RXD1 5 NC-S1_ Output )
out Data signals to the MC.
- NC-SI Transmit Enable
NC_SI_TX_EN 7 NC-S1_ Input )
n Note: If not used, should have an external pull-down resistor.
NC-SI Transmit Data O
NC_SI_TXDO 9 mC_SI— Input Data signals from the MC
Note: If not used, should have an external pull-up resistor.
NC-SI Transmit Data 1
NC_SI_TXD1 8 :\r']c's'— Input | Data signal from the MC
Note: If not used, should have an external pull-up resistor.
Enables Test Mode
Test pins are overloaded on the functional signals as described
TEST_EN 29 In Input mgtr?e pin description text of this section. The pin is active
Note: This pin should be externally pulled down for normal
operation.

21
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Table 10. NC-SI and Testability

Op )
Symbol Lead # Type Mode Name and Function
Auxiliary Power Indication.
AUX_PWR is supported when sampled high and should be
AUX_PWR/ 39 In Input connected using a resistor
JTAG_TCK P JTAG Clock Input

Note: The AUX_PWR/JTAG_TCK port pin includes an internal
pull-down resistor.

NVM Type

The NVM is Flash when sampled LOW and EEPROM when
sampled HIGH.

NVMT/JTAG_TMS | 38 In Input | JTAG TMS Input.

Note: The NVMT/JTAG_TMS port pin includes an internal pull-
up resistor. Also note that the internal pull-up is disconnected
during startup. As a result, NVMT MUST be connected
externally.

JTAG TDI Input

JTAG_TDI 40 In Input | Note: The JTAG_TDI port pin includes an internal pull-up
resistor.

2.3.5 LEDs
Table 11 lists the functionality of each LED output pin. The default activity of each LED

can be modified in the NVM. The LED functionality is reflected and can be further
modified in the configuration registers (LEDCTL).

Table 11. LEDs

Op .
Symbol Lead # Type Mode Name and Function
LEDO
LEDO 31 out Output
Programmable LED.
LED1
LED1 30 out Output
Programmable LED.
LED2
LED2 33 out Output
Programmable LED.
2.3.6 PHY Pins
Note: The 82574 has built in termination resistors. As a result, external termination resistors

should not be used.

22
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Table 12.

2.3.7

Table 13.

intel

PHY Pins
Op .
Symbol Lead # Type Mode Name and Function
Media Dependent Interface[0]:
1000BASE-T:
In MDI configuration, MDI[0O]+/-corresponds to BlI_DA+/-
and in MDI-X configuration MDI[0]+/- corresponds to
Bl_DB+/-.
MDI_PLUS[O] 58 A Bidi 100BASE-TX: _ _
MDI_MINUS[0] 57 I=dir | In MDI configuration, MDI[0]+/- is used for the transmit
- pair and in MDIX configuration MDI[0]+/- is used for the
receive pair.
10BASE-T:
In MDI configuration, MDI[O]+/- is used for the transmit
pair and in MDI-X configuration MDI[0]+/- is used for the
receive pair.
Media Dependent Interface[1]:
1000BASE-T:
In MDI configuration, MDI[1]+/- corresponds to BI_DB+/-
and in MDI-X configuration MDI[1]+/- corresponds to
Bl_DA+/-.
MDI_PLUS[1] 55 A Bidi 100BASE-TX: _ _
MDI_MINUS[1] 54 1=dir 1 In MDI configuration, MDI[1]+/- is used for the receive
- pair and in MDI-X configuration MDI[1]+/- is used for the
transmit pair.
10BASE-T:
In MDI configuration, MDI[1]+/- is used for the receive
pair and in MDI-X configuration MDI[1]+/- is used for the
transmit pair.
Media Dependent Interface[3:2]:
1000BASE-T:
mg:_f/:_ll.l\]li[sz[]z] gg In MDI and in MDI-X configuration, MDI[2]+/-
— A Bi-dir corresponds to Bl_DC+/- and MDI[3]+/- corresponds to
MDI_PLUS[3] 50 Bl DD+/-
MDI_MINUSI[3] 49 = :
100BASE-TX: Unused.
10BASE-T:Unused.
XTAL In/Out
XTALL 43 A-In Input/ | These pins can be driven by an external 25 MHz crystal or
XTAL2 42 A-Out | Output | driven by an external MOS level 25 MHz oscillator. Used to
drive the PHY.
ATEST_P 45 _ Positive side of the high speed differential debug port for
ATEST_N 46 A-out | Output | o by,
PHY Termination
RSET 48 A Bias This pin should be connected through a 4.99 KQ +-1%
resister to ground.
Miscellaneous Pin
Miscellaneous Pin
Symbol Lead # Type Op Name and Function
Mode
This is a 3.3 V dc input signal. Asserting DEV_OFF_N
DEV_OFF_N 28 In Input puts the 82574 in device disable mode. Note that this
pin is asynchronous.

23
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2.3.8 Power Supplies and Support Pins

2.3.8.1 Power Support

Table 14. Power Support

Symbol Lead # Type / Name and Function
Voltage
1.05 V dc Control
CTRL10 62 A-out
Voltage control for an external 1.05 V dc PNP.
1.9 V dc Control
CTRL19 64 A-out

Voltage control for an external 1.9 V dc PNP.

Disable 1.05 V dc Regulator

) When high, the internal 1.05 V dc regulator is disabled and the
DIS_REG10 59 A-in CTRL10 signal is active. When low, the internal 1.05 V dc
regulator is enabled using its internal power transistor. In this
case, the CTRL10 signal is inactive.

2.3.8.2 Power Supply

Table 15. Power Supply

Symbol Lead # Type / Name and Function
Voltage
4,11, 18, 27, |1.05V
VDD1pO 37, 41, 60 de 1.05 V dc power supply (7).
22, 44, 47,
AVDD1p9 51, 56. 61, 63 1.9V dc | 1.9V dc power supply (7).
VDD3p3 10, 32 3.3V dc | 3.3V dc power supply (2).
AVDD3p3/
VDD3p3 1 3.3V dc | 3.3V dc power supply (1).
Fuse voltage for programming on-die fuses. Connect to 1.9 V dc for
VDD1p9 19 1.9Vde normal operation.
GND e-Pad Ground The e-Pad metal connection on the bottom of the package. Should be
connected to ground.
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The 82574 supports a 64-pin, 9 x 9 QFN package with e-Pad. Figure 3 shows the

package schematics.
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82574 QFN 9 x 9 mm Package

Figure 3.
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3.0 Interconnects

3.1 PCle

PCle is a third generation 1/0 architecture that enables cost competitive, next
generation 1/0 solutions providing industry leading price/performance and feature
richness. It is an industry-driven specification.

PCle defines a basic set of requirements that comprehends the majority of the targeted
application classes. High-end application requirements such as Enterprise class servers
and high-end communication platforms are delivered by a set of advanced extensions
that compliment the baseline requirements.

To guarantee headroom for future applications of PCle, a software-managed
mechanism for introducing new, enhanced capabilities in the platform is provided.
Figure 4 shows the PCle architecture.

PCl sys Compliant

Presenve Driver Model

A ——
Advanced Xtensions '

Common Base Protocol

Poiniiter peint, serial; diffierential;
hot-plug, Inter-ep fermiactorns

Figure 4. PCle Stack Structure
The PCle physical layer consists of a differential transmit pair and a differential receive
pair. Full-duplex data on these two point-to-point connections is self-clocked such that
no dedicated clock signals are required.

Note: The bandwidth of this interface increases linearly with frequency.
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3.1.1

A packet is the fundamental unit of information exchange and the protocol includes a
message space to replace the number of side-band signals found on many of today’s
buses. This movement of hard-wired signals from the physical layer to messages within
the transaction layer enables easy and linear physical layer width expansion for
increased bandwidth.

The common base protocol uses split transactions along with several mechanisms that
are included to eliminate wait states and to optimize the reordering of transactions to
further improve system performance.

Architecture, Transaction, and Link Layer Properties

Split transaction, packet-based protocol

Common flat address space for load/store access (such as a PCl addressing
model):

— Memory address space of 32 bits to enable compact packet header (must be
used to access addresses below 4 GB)

— Memory address space of 64 bits using extended packet header
Transaction layer mechanisms:
— PCI-X style relaxed ordering
— Optimizations for no-snoop transactions
Credit-based flow control
Packet sizes/formats:
— Maximum packet size supports 128- and 256-byte data payload
— Maximum read request size of 4 KB
Reset/initialization:
— Frequency/width/profile negotiation performed by hardware
Data integrity support:
— Using CRC-32 for transaction layer packets
Link layer retry for recovery following error detection:
— Using CRC-16 for link layer messages
No retry following error detection:
— 8b/10b encoding with running disparity
Software configuration mechanism:
— Uses PCI configuration and bus enumeration model

— PCle-specific configuration registers mapped via PCl extended capability
mechanism

Baseline messaging:

— In-band messaging of formerly side-band legacy signals (such as interrupts)
— System-level power management supported via messages

Power Management (PM):

— Full PCI PM support

— Wake capability from D3cold state

— Compliant with ACPI 2.0, PCI PM software model

— Active state power management (transparent to software including ACPI)
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3.1.1.1 Physical Interface Properties

= Point to point interconnect
— Full-duplex; no arbitration

Signaling technology:
— Low voltage differential
— Embedded clock signaling using 8b/10b encoding scheme

Serial frequency of operation: 2.5 GHz.

Interface width of one lane per direction

DFT and DFM support for high volume manufacturing

3.1.1.2 Advanced Extensions
PCle defines a set of optional features to enhance platform capabilities for specific
usage modes. The 82574 supports the following optional features:

= Extended error reporting — messaging support to communicate multiple types/
severity of errors

e Serial number

3.1.2 General Functionality

« Native/legacy:

— The PCle capability register states the device/port type.

— The 82574 is a native device by default.
* Locked transactions:

— The 82574 does not support locked requests as a target or master.
= End to End CRC (ECRC):

— Not supported by the 82574

3.1.3 Transaction Layer

The upper layer of the PCle architecture is the transaction layer. The transaction layer
connects to the 82574’s core using an implementation-specific protocol. Through this

core-to-transaction-layer protocol, the application-specific parts of the 82574 interact

with the PCle subsystem and transmit and receive requests to or from the remote PCle
agent, respectively.

3.1.3.1 Transaction Types Received by the Transaction Layer
Table 16. Transaction Types at the Rx Transaction Layer
. Tx Later Hardware Should Keep .
Transaction Type FC Type Reaction Data From Original Packet For Client
(Rtggzlg:tratlon Read NPH CPLH + CPLD | Requester ID, TAG, Attribute | Configuration space
Configuration Write NPH + - . .
Request NPD CPLH Requester ID, TAG, Attribute | Configuration space
'\R"emory Read NPH CPLH + CPLD | Requester ID, TAG, Attribute | CSR
equest
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3.1.3.2

Table 17.

3.1.3.3

intel

. Tx Later Hardware Should Keep .
Transaction Type FC Type Reaction Data From Original Packet For Client

Memory Write PH +

Request PD N - CSR

1/0 Read Request NPH CPLH + CPLD | Requester ID, TAG, Attribute | CSR

. NPH + .
1/0 Write Request NPD CPLH Requester ID, TAG, Attribute | CSR
. CPLH +
Read Completions CPLD - - DMA
Message Unit / INT / PM

Message PH - - / Error Unit

Flow control types:

« PH - Posted request headers

= PD - Posted request data payload

< NPH - Non-posted request headers

= NPD - Non-posted request data payload

e CPLH - Completion headers

« CPLD - Completion data payload

Transaction Types Initiated by The 82574

Transaction Types at the Tx Transaction Layer

Transaction Type Payload Size FC Type From Client
Conflgur_atlon Read Request Dword CPLH + CPLD Configuration space
Completion
Conflgurgtlon Write Request _ CPLH Configuration space
Completion
1/0 Read Request Completion Dword CPLH + CPLD CSR
1/0 Write Request Completion - CPLH CSR
Read Request Completion Dword/Qword CPLH + CPLD CSR
Memory Read Request - NPH DMA
Memory Write Request <= MAX_PAYLOAD_SIZE1 PH + PD DMA

Message Unit / INT /
Message - PH PM / Error Unit

1. The MAX_PAYLOAD_SIZE supported is loaded from the NVM (either 128 bytes or 256 bytes). Effective

MAX_PAYLOAD_SIZE is according to configuration space register.

Message Handling by The 82574 (as a Receiver)

Message packets are special packets that carry a message code.

The upstream device transmits special messages to the 82574 by using this

mechanism.

The transaction layer decodes the message code and responds to the message

accordingly.
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Table 18. Supported Message in The 82574 (As a Receiver)

C'glg:s[%g;g] Rroz"lf;ipog Message Device’s Later Response
0x14 100 PM_Active_State_NAK Internal signal set

0x19 011 PME_Turn_Off Internal signal set

0x41 100 Attention_Indicator_On Silently drop

0x43 100 Attention_Indicator_Blink Silently drop

0x40 100 Attention_Indicator_Off Silently drop

0x45 100 Power_Indicator_On Silently drop

ox47 100 Power_Indicator_Blink Silently drop

0x44 100 Power__Indicator_Off Silently drop

0x50 100 Slot power limit support (has one Dword data) Silently drop

OX7E 010,011,100 | Vendor_defined Type O no data Unsupported request - NEC*
OX7E 010,011,100 | Vendor_defined Type O data Unsupported request - NEC*
OX7F 010,011,100 | Vendor_defined Type 1 no data Silently drop

OX7F 010,011,100 | Vendor_defined Type 1 data Silently drop

0x00 011 Unlock Silently drop

3.1.3.4 Message Handling by The 82574 (As a Transmitter)

The transaction layer is also responsible for transmitting specific messages to report
internal/external events (such as interrupts and PMEs).

Table 19. Supported Message in The 82574 (As a Transmitter)

Message Routing Message

code [7:0] r2rir0O
0x20 100 Assert INT A
0x21 100 Assert INT B
0x22 100 Assert INT C
0x23 100 Assert INT D
0x24 100 DE- Assert INT A
0x25 100 DE- Assert INT B
0x26 100 DE- Assert INT C
ox27 100 DE- Assert INT D
0x30 000 ERR_COR
0x31 000 ERR_NONFATAL
0x33 000 ERR_FATAL
0x18 000 PM_PME
0x1B 101 PME_TO_Ack
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3.1.3.5

3.1.3.6

3.1.3.7

Data Alignment
4 KB Boundary:

Requests must never specify an address/length combination that causes a memory
space access to cross a 4 KB boundary. It is hardware’s responsibility to break requests
into 4 KB-aligned requests (if needed). This does not pose any requirement on
software. However, if software allocates a buffer across a 4 KB boundary, hardware
then issues multiple requests for the buffer. Software should consider aligning buffers
to a 4 KB boundary in cases where it improves performance.

The alignment to the 4 KB boundaries is done in the core. The transaction layer does
not do any alignment according to these boundaries.
64 Bytes:

It is also recommended that requests are multiples of 64 bytes and aligned to make
better use of memory controller resources. This is also done in the core.

Configuration Request Retry Status

The 82574 might have a delay in initialization due to an NVM read. The PCle defined a
mechanism for devices that require completion of a lengthy self-initialization sequence
before being able to service configuration requests.

If the read of the PCle section in the NVM was not completed before the 82574
received a configuration request, then the 82574 responds with a configuration request
retry completion status to terminate the request, and effectively stalls the configuration
request until such time that the subsystem has completed local initialization and is
ready to communicate with the host.

Ordering Rules
The 82574 meets the PCle ordering rules (PCI-X rules) by following the PCI simple
device model:

= Deadlock avoidance - Master and target accesses are independent - The response
to a target access does not depend on the status of a master request to the bus. If
master requests are blocked (such as due to no credits), target completions can
still proceed (if credits are available).

= Descriptor/data ordering - the 82574 does not proceed with some internal actions
until respective data writes have ended on the PCle link:

— The 82574 does not update an internal header pointer until the descriptors that
the header pointer relates to are written to the PCle link.

— The 82574 does not issue a descriptor write until the data that the descriptor
relates to is written to the PCle link.

The 82574 can issue the following master read request from each of the following
clients:

= Rx descriptor read (one per queue)
= Tx descriptor read (one per queue)
= Tx data read (up to four including one for manageability)
