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Product Features

 

■ Provides IEEE 802.3/802.3u 10BASE-T 
and 100BASE-TX compatibility

■ Provides glueless 32-bit PCI bus master 
interface

■ Contains internal 3 Kbyte transmit and 3 
Kbyte receive FIFOs

■ Allows fast back-to-back transmit at 100 
Mbps within minimum Interframe Spacing 
(IFS)

■ Provides up to 64 Kbyte Flash support for 
LANDesk® Service Agent® and other 
supported option ROMs

■ Supports EEPROM configuration and 
customized feature selection

■ Complies with Advanced Configuration 
and Power Interface (ACPI) Specification, 
Revision 1.0, PCI Power Management 
Specification, Revision 1.0, and Advanced 
Power Management (APM) Specification, 
Revision 1.2

■ Supports remote wake-up (Magic Packet*) 
in APM and ACPI modes

■ Provides ACPI “interesting” packet wake-
up support in D0 to D3cold low power states

■ Integrates 100BASE-TX Physical Layer 
(PHY) interface and 10BASE-T serial 
Encoder/Decoder (ENDEC) and 
transceiver with built-in transmit and 
receive filters

■ Supports IEEE 802.3u Auto-Negotiation 
for 100BASE-TX and 10BASE-T

■ Allows full or half duplex support at 10 or 
100 Mbps

■ Supports IEEE 802.3x flow control
■ Supports Bay Technologies flow control
■ Supports three LEDs
■ Maintains streamlined 82557-style chained

memory structure for superior performance
■ Maintains backward software compatibility 

to the 82557 Fast Ethernet Controller
■ 5 volt part
■ 208-pin Shrink Quad Flat Package (SQFP)

Figure 1. 82558 Simplified Block Diagram
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1.0 Introduction

1.1 82558 Overview

The 82558 is Intel's first fully integrated 10BASE-T/100BASE-TX LAN solution. It consists of
both the Media Access Controller (MAC) and the 10/100 Mbps Physical Layer (PHY) interface
basic functionality is equivalent to that of two of Intel’s previous generation components: the 8
Ethernet controller and the 82555 physical layer interface device. Enhancements include, bu
not limited to: Advanced Configurations and Power Interface (ACPI) and Advanced Power 
Management (APM), system manageability support via byte wide management interface, ea
receive interrupt support in hardware, and increased PCI command support for the Memory 
and Invalidate (MWI) command.

As a controller, the 82558 is a sophisticated 32-bit PCI component, with enhanced scatter-ga
bus mastering capabilities. Its true 32-bit architecture enables it to perform high speed data 
transfers on the PCI bus using four DMA channels. Its sophisticated microcode-based engin
enables the 82558 to process high level commands and perform multiple operations without
intervention. Its 3 Kbyte Transmit and Receive FIFOs provide large on-chip storage of multip
transmit and receive frames.

The 82558 physical media interface module (PHY unit) enables direct connection to the netw
media. It provides full support for both 100BASE-TX and 10BASE-T operation. The 82558 a
provides the NWay* Auto-Negotiation capability that enables it to detect speed and duplex (m
of operation) automatically.

The 82558 provides full support for both half duplex and full duplex operation, as well as sup
for full duplex flow control.

1.2 Compliance with Industry Standards

The 82558 has two primary interfaces. The host system PCI bus interface and the serial or n
interface. The network interface complies to the IEEE 802.3 for 10BASE-T and TX and the IE
802.3u for 100BASE-T and TX Ethernet interfaces. The 82558 also complies to the PCI Bus
Specification, Revision 2.1; PCI Power Management Interface Specification, Revision 1.0; 
Advanced Configuration and Power Interface Specification, Revision 1.0; Network Device Cl
Power Management Specification, Revision 1.0.
 Datasheet 5
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2.0 82558 Architecture Overview

Figure 1 (on the cover page) shows a high level block diagram of the 82558. It is divided into
main subsystems: a parallel subsystem, a FIFO subsystem, a 10/100 Mbps CSMA/CD unit a
10/100 PHY unit.

2.1 Parallel Subsystem Overview

The parallel subsystem is divided into several functional blocks: a PCI Bus Master Interface, 
Bus Slave block, a Micromachine processing unit and its corresponding microcode ROM, an
Flash and EEPROM interface. The parallel subsystem also interfaces to the FIFO subsystem
passing data (such as transmit, receive and configuration data), command, and status param
between these two blocks.

The PCI Bus Master Interface provides a complete interface to a PCI bus and is compliant to
Revision 2.1 of the PCI Bus Specification. No external logic is required to interface the 82558
PCI bus. The 82558 provides 32 pins for addressing and data, as well as the complete contr
interface to operate on a PCI bus. It follows the PCI Configuration format which allows all acce
to the 82558 (control register, Flash accesses, Boot, etc.) to be automatically mapped into fr
memory and I/O space upon initialization of a PCI system. For processing of transmit and re
frames, the 82558 operates as a master on the PCI bus, initiating Zero Wait State transfers f
transporting network traffic. Section 4.1, “PCI Bus Interface” on page 21 provides more details on 
the operation of the 82558 PCI interface.

The PCI Target block consists of registers which either directly control the 82558 or which are
to interface other devices through the 82558. The 82558 Control/Status Register Block is con
as part of these elements. The Control/Status Register Block consists of the following 82558
internal control registers: SCB, PORT, Flash control register, EEPROM control register, MDI
Control register, Early Receive Interrupt register, Flow Control registers, and Power Manage
register.

The Micromachine is an embedded processing unit contained in the 82558. The Micromach
accesses the 82558 microcode ROM working its way through the opcodes (or instructions) 
contained in the ROM to perform its functions. Parameters accessed from memory such as 
Transmit Buffer Descriptor fields or pointers to data buffers are also used by the Micromachi
during processing of RCV or XMT frames by the 82558. A typical function of the Micromachi
would be to take a data buffer pointer field, and load it into the 82558 DMA unit for direct acce
the data buffer. The Micromachine is divided into two units, a Receive Unit and a Command 
(including XMT functions). These two units operate independently and concurrently. Control 
switched between the two units according to the microcode instruction flow. The independen
the Receive and Command units of the Micromachine allow the 82558 to execute command
receive incoming frames simultaneously.

The Micromachine also has a RAM memory which can be loaded with additional microcode 
instructions which modify the operation of the 82558. This ability enables the 82558 to provi
Adaptive Technology flexibility which can tailor 82558 behavior to various operating 
environments.

The 82558 contains an interface to both an external Flash memory, and an external serial 
EEPROM. The Flash interface, which could also be used to connect to any standard 8-bit 
EEPROM device, provides up to 64 Kbyte of addressing to the Flash. It uses a multiplexed a
scheme which works in conjunction with an LS373 circuit, or compatible latch to de-multiplex
address. Both Read and Write accesses are supported. The Flash may be used for remote b
 Datasheet 7
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functions, network statistical and diagnostics functions, etc. The Flash is mapped into host s
memory (anywhere within the 32-bit memory address space) for software accesses. It is als
mapped into an available boot expansion ROM location during boot time of the system. More
information on the Flash interface is provided in Section 4.2.1, “Flash Interface” on page 36. The 
EEPROM is used to store relevant information for a LAN connection such as Node Individua
Address, as well as board manufacturing and configuration information. Both Read and Writ
accesses to the EEPROM are supported by the 82558. More information on the EEPROM int
is provided in Section 4.2.2, “EEPROM Interface” on page 37.

2.2 FIFO Subsystem Overview

The 82558 FIFO subsystem consists of a 3 Kbyte XMT FIFO and a 3 Kbyte RCV FIFO. Eac
FIFO is unidirectional, and independent of the other. The FIFO subsystem serves as the inte
between the 82558 parallel side and the serial CSMA/CD unit. It provides a temporary buffer
storage area for frames as they are either being received or transmitted by the 82558. This a
for several important features in the 82558:

• Transmit frames can be queued within the Transmit FIFO, allowing back-to-back transmi
within minimum interframe spacing (960 nanoseconds at 100 Mbps operation).

• The storage area in the FIFO allows the 82558 to withstand long PCI bus latencies witho
losing incoming data or corrupting outgoing data.

• The 82558 Transmit FIFO threshold allows the transmit start threshold to be tuned to elim
underruns while concurrent transmits are being performed.

• The FIFO subsection allows extended PCI zero wait state burst accesses to or from the 
for both receive and transmit frames, since the transfer is to the FIFO storage area as op
to directly to the serial link.

• Erred transmissions (COL, Congestion, Underrun) are retransmitted directly from the 82
FIFO, increasing performance and eliminating the need to retrieve this data again from t
host system.

• Incoming Runt Receive Frames (in other words, frames less than the legal minimum fram
size) can be discarded automatically by the 82558 without transferring this erroneous da
the host system.

2.3 10/100 Mbps CSMA/CD Unit Overview

The CSMA/CD unit of the 82558 allows it to be connected to either a 10 or 100 Mbps Ethern
network. The 82558 CSMA/CD unit interfaces to either an external IEEE 802.3 10/100 Mbps
compatible PHY device or directly to the internal 10/100 Mbps PHY unit. In both cases the C
CD unit can switch automatically between 10 or 100 Mbps operation depending on the speed
network. The CSMA/CD unit performs all the functions of the 802.3 protocol such as frame 
formatting, frame stripping, collision handling, deferral to link traffic, etc. The CSMA/CD unit c
also be placed in a full duplex mode which allows for simultaneous transmission and recepti
frames.

The CSMA/CD unit accepts data from the 82558 XMT FIFO and converts it to nibble-wide da
for transmission on the link. During reception, the CSMA/CD unit converts data from nibble-w
to a byte-wide format and transfers it to the RCV FIFO of the 82558. The CSMA/CD unit con
a Management Data Interface to an MII compliant PHY. This allows software to pass control
status parameters between the 82558 MAC and PHY in a consistent manner.
8   Datasheet
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2.4 100BASE-TX/10BASE-T Physical Layer Interface Unit 
Overview

The internal architecture of the PHY Unit is a combination of advanced DSP, analog, and oth
functional blocks.

In 100BASE-TX mode, the analog subsection of the PHY Unit performs two functions: it take
received analog MLT-3 data from the RD pair, converts it into a digital 125 Mbps stream, 
recovering both clock and data. The second function is to convert a digital 125 Mbps stream
MLT-3 format and drive it through the TD pair into the physical medium.

In 100BASE-TX mode, the digital subsection performs all necessary signal processing of the
digital data obtained from the analog reception and of the data that will be driven into the an
transmit subsection. This includes 4B/5B encoding and decoding, scrambling and descramb
carrier sense, collision detection, link detection, auto-negotiation and providing an MII interfa
the CSMA/CD unit.

The PHY Unit operation in 10BASE-T mode is similar. Manchester encoding and decoding is
instead of scrambling/descrambling and 4B/5B encoding/decoding, and the internal TXCLK/
RXCLK MII clocks provide 2.5 MHz instead of 25 MHz to the CSMA/CD unit.

Figure 1 shows a diagram of the internal PHY Unit and how it connects to an RJ45 connector

Figure 1. PHY Unit Block Diagram
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3.0 Device Pinout

3.1 Pin Identification

Figure 2 shows the name, number, and location of each pin on the device. Pin descriptions a
provided in the sections that follow. 

Figure 2. Intel 82558 Pin Identification Diagram
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3.2 Signal Type Definition 

Signal Type Name Definition

IN Input Input is a standard Input-only signal.

OUT Totem Pole Output This is a standard active driver.

I/O Input/Output This is an input/output signal.

T/S Tri-State Tri-state is a bi-directional, tri-state input/output pin.

S/T/S Sustained Tri-State Sustained Tri-State is an active low tri-state signal owned and driven by 
one agent 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 
a s/t/s signal any sooner than one clock after the previous owner tri-states 
it.

O/D Open Drain This allows multiple devices to share as a wired-OR.

B Bias This is used as a bias pin.
12   Datasheet
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3.3 PCI Bus Interface Signals

3.3.1 PCI Address and Data Pins 

Symbol Pin Type Name and Function

AD31

AD30

AD29

AD28

AD27

AD26

AD25

AD24

AD23

AD22

AD21

AD20

AD19

AD18

AD17

AD16

AD15

AD14

AD13

AD12

AD11

AD10

AD9

AD8

AD7

AD6

AD5

AD4

AD3

AD2

AD1

AD0

46

47

51

52

54

55

57

58

63

65

66

69

70

72

73

75

93

94

95

97

99

101

102

105

107

110

112

113

115

116

118

119

T/S Address and Data . The address and data signals, AD[31:0], are 
multiplexed on the same PCI pins by the 82558. A bus transaction consists 
of an address phase followed by one or more data phases. The address 
phase is the clock cycle in which FRAME# is asserted. During the address 
phase, AD[31:0] contains a physical address (32 bits). For I/O, this is a byte 
address; for configuration and memory, it is a Dword address. The 82558 
uses little endian byte ordering. AD[31:24] contain the most significant byte 
(MSB) and AD[7:0] contain the least significant byte (LSB).

C/BE3#

C/BE2#

C/BE1#

C/BE0#

62

76

92

106

T/S Command and Byte Enable . The Command/Byte Enable signals are 
multiplexed on the same PCI pins by the 82558. During the address phase 
of a transaction, C/BE[3:0]# defines the bus command. During the data 
phase C/BE[3:0]# are used as Byte Enables. The Byte Enables are valid 
for the entire data phase and determine which byte lanes carry meaningful 
data. C/BE[3]# applies to byte 3 (MSB) and C/BE[0]# applies to byte 0 
(LSB).

PAR 90 T/S Parity . Parity is even parity across AD[31:0] and C/BE[3:0]#. PAR is stable 
and valid one clock after the address phase. For data phases, PAR is 
stable and valid one clock after either IRDY# is asserted during a write 
transaction or TRDY# is asserted during a read transaction. Once PAR is 
valid, it remains valid until one clock after the completion of the current data 
phase. The master drives PAR for address and write data phases; the 
target drives PAR for read data phases.
 Datasheet 13
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3.3.2 PCI Interface Control Pins 

3.3.3 PCI Error Reporting Pins 

3.3.4 PCI Interrupt Pins 

Symbol Pin Type Name and Function

FRAME# 78 S/T/S Cycle Frame . Frame# is driven by the 82558 to indicate the beginning and 
duration of a transaction. Frame# is asserted to indicate a bus transaction 
is beginning and remains asserted as data transfers continue. FRAME# is 
de-asserted during the final data phase.

IRDY# 79 S/T/S Initiator Ready . IRDY# is driven by the 82558 as a bus master and 
indicates the 82558’s ability to complete the current data phase of the 
transactions. IRDY# is used in conjunction with TRDY#. A data phase is 
completed on any clock where both IRDY# and TRDY# are asserted. 
During a write, IRDY# indicates that valid data is present on AD[31:0]. 
During a read, it indicates that the 82558 is prepared to accept data. Wait 
cycles are inserted until both IRDY# and TRDY# are asserted together.

TRDY# 83 S/T/S Target Ready . TRDY# is driven by the 82558 as a slave (selected device) 
and indicates its ability to complete the current data phase of the 
transaction. TRDY# is used in conjunction with IRDY#. A data phase is 
completed on any clock where both TRDY# and IRDY# are asserted. 
During a read, TRDY# indicates that valid data is present on AD[31:0]. 
During a write, it indicates that the 82558 is prepared to accept data. Wait 
cycles are inserted until both TRDY# and IRDY# are asserted together.

STOP# 86 S/T/S Stop . STOP# is driven by the target and indicates its request to the master 
to stop the current transaction. As a slave, STOP# is driven by the 82558 to 
inform the bus master to stop the current transaction. As a master, STOP# 
is received by the 82558 and stops the current transaction.

IDSEL 59 IN Initialization Device Select . IDSEL is used by the 82558 as a chip select 
during configuration read and write transactions.

DEVSEL# 84 S/T/S Device Select . As a master, DEVSEL# is an input to the 82558 indicating 
whether any device on the bus has been selected. As a slave, the 82558 
drives DEVSEL# to indicate that the 82558 has decoded its address as the 
target of the current transactions. As an input, DEVSEL# indicates whether 
any device on the bus has been selected.

Symbol Pin Type Name and Function

SERR# 89 O/D System Error . SERR# is used by the 82558 to report address parity 
errors. SERR# is an open drain signal and is actively driven for one PCI 
clock when reporting the error.

PERR# 87 S/T/S Parity Error . PERR# is used by the 82558 to report data parity errors 
during all PCI transactions. The PERR# pin is sustained tri-state. It must be 
driven active by the 82558 two clocks after the data phase in which a data 
parity error is detected. The minimum duration of PERR# is one clock for 
each data phase that a data parity error is detected. An agent cannot 
report a PERR# until it has claimed the access by asserting DEVSEL# and 
completed a data phase.

Symbol Pin Type Name and Function

PME# 39 O/D Power Management Event . The PME# signal indicates that a power 
management event has occurred. This is an active low signal.

PME# should be driven high whenever the TEST pin is asserted.
14   Datasheet
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3.3.5 PCI Arbitration Pins 

3.3.6 PCI System Pins 

3.4 Local Memory Interface Pins 

INTA# 42 O/D Interrupt A . INTA# is used to request an interrupt by the 82558. This is an 
active low level triggered interrupt signal.

Symbol Pin Type Name and Function

REQ# 41 T/S Request . The REQ# signal indicates to the arbiter that the 82558 desires 
use of the bus. This is a point to point signal. (Every master has its own 
REQ#.) 

GNT# 38 IN Grant . GNT# indicates to the 82558 that access to the bus has been 
granted. This is a point to point signal. (Every master has its own GNT#.)

Symbol Pin Type Name and Function

CLK 35 IN Clock . The CLK signal provides timing for all transactions on the PCI bus 
and is an input to every PCI device, including the 82558. All PCI signals, 
except RST# and INT#, are sampled on the rising edge of CLK. All other 
timing parameters are defined with respect to this edge.

ISOLATE# 31 IN Isolate . The ISOLATE# signal is used to isolate the 82558 from the PCI 
bus. ISOLATE# is active low. When asserted, the 82558 does not drive its 
PCI outputs (excluding PME#) or sample its PCI inputs (including CLK and 
RST#).

RST# 37 IN Reset . RST# is used to bring PCI-specific registers, sequencers, and 
signals to an initialized state. Anytime RST# is asserted, all PCI output 
signals are driven to their benign state. In general, this means they are tri-
stated with one exception. The exception is that SERR# (open drain) is 
floated.

ALTRST# 36 IN Alternate Reset . ALTRST# is used to reset the 82558 when the PCI RST# 
pin is not available.

Symbol Pin Type Name and Function

EECS 160 OUT EEPROM Chip Select . EECS is an active high signal used to assert chip 
select to the serial EEPROM. 

FLD0/

EESK

159 T/S Flash Data 0/EEPROM Shift Clock . FLD0/EESK is a multiplexed pin. 
During Flash access, it acts as Flash Data 0 I/O pin. During EEPROM 
access, it acts as an EEPROM shift clock output to shift data in and out of 
the serial EEPROM.

FLD1/

EEDO

156 T/S Flash Data 1/EEPROM Data Out . FLD1/EEDO is a multiplexed pin. During 
Flash access, it acts as Flash Data 1 I/O pin. During EEPROM access, it 
acts as the input pin for the EEPROM’s data output.

FLD2/

EEDI

155 T/S Flash Data 2/EEPROM Data In . FLD2/EEDI is a multiplexed pin. During 
Flash access, it acts as the Flash Data 2 I/O pin. During EEPROM access, 
it acts as the output pin for the EEPROM’s data input.

Symbol Pin Type Name and Function
 Datasheet 15
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3.5 Clock Pins 

FLD7

FLD6

FLD5

FLD4

FLD3

144

146

151

153

154

T/S Flash Data . FLD[7:0] signals are used for I/O. 

For the A-step only, FLD4 is used as the low power signal in Wake on LAN* 
mode. When the Remote Wake Up bit is set in the EEPROM and the FLD4 
input is high, the 82558 enters low power mode.

FLADDR7

FLADDR6

FLADDR5

FLADDR4

FLADDR3

FLADDR2

FLADDR1

FLADDR0

128

132

135

136

139

140

142

143

OUT Flash Address . FLADDR[7:0] work in conjunction with an external 8-bit 
address latch to control Flash addressing up to 64 Kbyte. The 8 Flash 
Address pins should be connected to both the address latch and address 
pins 7 to 0 of the Flash. The address latch provides the upper 8-bits, bits 15 
to 8, of address to the Flash and is latched by assertion of the Flash Chip 
Select (FLCS#) pin.

FLCS# 127 OUT Flash Chip Select . FLCS# will normally be high to disable access to the 
Flash. When a Flash high address needs to be latched, FLCS# is asserted 
low. This is how the data is latched and Flash is enabled. FLCS# should be 
connected to both the enable pin on the external address latch and the chip 
enable pin on the Flash.

FLOE# 122 OUT Flash Output Enable . FLOE# provides the active low output enable 
control to the Flash.

FLOE# also operates as the Test Execute (TEXEC) input when the Test pin 
is asserted. TEXEC is the indication to the 82558 test port to start 
performing the instruction that has been clocked in on TI.

FLWE# 123 OUT Flash Write Enable . FLWE# provides the active low write enable control to 
the Flash.

FLWE# operates as the Test Clock (TCK#) input when the Test pin is 
asserted. TCK# is the Test Clock that clocks test data in the TI pin and out 
of TOUT.

Symbol Pin Type Name and Function

X1 197 IN Crystal Input One . X1 and X2 can be driven by an external 25 MHz 
crystal. Otherwise, X1 may be driven by an external MOS level 25 MHz 
oscillator when X2 is left floating.

X2 198 OUT Crystal Output Two . X1 and X2 can be driven by an external 25 MHz 
crystal. Otherwise, X1 can be driven by an external MOS level 25 MHz 
oscillator when X2 is left floating. 

Symbol Pin Type Name and Function
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3.6 TPE Pins 

3.7 LED Pins 

3.8 External Bias Pins 

3.9 Miscellaneous Control of Operation 

Symbol Pin Type Name and Function

TDP

TDN

186

187

OUT Transmit Pair. These pins send the serial bit stream for transmission on 
the UTP cable. The current-driven differential driver can be two level 
(10BASE-T or Manchester) or three-level (100BASE-TX or MLT-3) signals 
depending on operating mode. These signals interface directly with an 
isolation transformer.

RDP

RDN

171

172

IN Receive Pair. These pins receive the serial bit stream from the isolation 
transformer. The bit stream can be two level (10BASE-T or Manchester) or 
three-level (100BASE-TX or MLT-3) signals depending on operating mode. 

Symbol Pin Type Name and Function

ACTLED# 163 OUT Activity LED. This active-low pin (LED) indicates either transmit or receive 
activity. When there is activity, ACTLED is on. When there is no activity, 
ACTLED is off.

LILED# 162 OUT Link Integrity LED. This active-low pin (LED) indicates link integrity. If link 
is good in either 10 or 100 Mbps the LED is ON, if link is bad the LED is off. 
In a combo board this LED should be connected to the TX technology LED. 

SPEED-
LED#

164 OUT Speed LED. This active-low pin (LED) will be on at 100 Mbps and off at 10 
Mbps. Note that this LED retains it’s last known state when the link is down.

Symbol Pin Type Name and Function

RBIAS100 182 B Bias Reference Resistor 100. A 634 Ω resistor should be connected from 
this pin to VSS.

RBIAS10 181 B Bias Reference Resistor 10. A 768 Ω resistor should be connected from 
this pin to VSS.

VREF 180 B Voltage Reference . VREF is connected to a 2.5 V ± 1% external voltage 
reference generator. A 220  Ω pull down resistor is used when the internal 
voltage reference is used.

ZREF 15 B Z Reference . This pin should be pulled up with a 10 KΩ resistor in all 
applications.

Symbol Pin Type Name and Function

SLVTRI 203 I/O Slave Tri-State . SLVTRI should be driven high when the Test pin is 
asserted.

LISTAT 204 IN Link Status . LISTAT should be driven high when the Test pin is asserted.

AUX# Auxiliary Power . Pin 204 is used as an auxiliary power indication for the 
82558 B-step. Pin 204 pulled low indicates that an auxiliary power supply 
exists.
 Datasheet 17
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Note: The shaded area defines the difference in the 82558 B-step from the 82558 A-step.

3.10 Power and Ground 

RSTOUT 3 OUT Reset Out . RSTOUT is used when an external PHY is used and is driven 
high during hardware reset of the 82558.

TEST 30 IN Test . When TEST is high, the 82558 will enable the test port.

Symbol Pin Type Name and Function

VCC 8, 21, 22, 
29, 34, 
44, 45, 
48, 61, 
67, 74, 
80, 88, 
109, 126, 
130, 137, 
100, 114, 
129, 145, 
158, 202, 
207

VCC VCC Power: +5V ± 5%.

VCCA 147, 149, 
166, 167, 
169, 174, 
176, 178, 
183, 193, 
195

VCC Analog VCC. +5V ± 5%.

VSS 2, 5, 11, 
16, 19, 
20, 25, 
28, 32, 
33, 40, 
43, 49, 
50, 53,56, 
64, 68, 
71, 77, 
81, 82, 
85, 91, 
96, 103, 
104, 108, 
111, 117, 
125, 131, 
138, 120, 
124, 133, 
134, 141, 
152, 157, 
161, 179, 
201, 205, 
208

VSS VSS. Ground: 0V.

VSSA 148, 150, 
165, 168, 
170, 173, 
175, 177, 
184, 185, 
188, 189, 
192, 194

VSS Analog VSS. Ground: 0V.

Symbol Pin Type Name and Function
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3.11 Reserved 

3.12 No Connection 

Symbol Pin Type Name and Function

RSVD 1, 4, 6, 7, 
9, 10, 12, 
13, 14, 
17, 18, 
23, 24, 
26, 27, 
206

Reserved.

Symbol Pin Type Name and Function

NC 60, 98, 
121, 190, 
191, 196, 
199, 200

No connection.
 Datasheet 19
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4.0 Hardware Interface

4.1 PCI Bus Interface

The PCI bus interface enables the 82558 to interact with the host system via the PCI bus. It 
provides the control, address, and data interface for the 82558 to work with a PCI compliant
system. The PCI bus interface also provides the means for configuring PCI parameters in the
(refer to the PCI Bus Interface Specification, Revision 2.1, for more details specific to the PCI bus

The 82558 acts as both a master and a slave on the PCI bus. As a master, the 82558 intera
the system main memory to access data for transmission or deposit received data. As a slav
82558 control structures are accessed by the host CPU to read or write information to the on
registers. The CPU also provides the 82558 with the necessary commands and pointers that
to process receive and transmit data.

4.1.1 PCI Configuration Space

The 82558 supports all PCI required registers as well as registers needed for its operation (s
Base Address Registers). The purpose of these registers will be described in following sectio
(Section 4.1.1.1 through Section 4.1.1.5).

The organization of the configuration space registers as defined in the PCI Specification, Re
2.1, is shown below in the figure below. 

Note: The 82558 configuration space consists of the 16 Dwords of Type 0 Configuration Space He. 
This region consists of fields that uniquely identify the 82558 and allow it to be generically 

Device ID Vendor ID 00h

Status Command 04h

Class Code Revision ID 08h

BIST Header Type Latency Timer Cache Line Size 0Ch

CSR Memory Mapped Base Address Register 10h

CSR I/O Mapped Base Address Register 14h

Flash Memory Mapped Base Address Register 18h

Reserved Base Address Register 1Ch

Reserved Base Address Register 20h

Reserved Base Address Register 24h

Card Bus CIS Pointer (not supported at this time) 28h

Subsystem ID Subsystem Vendor ID 2Ch

Expansion ROM Base Address Register 30h

Reserved Cap_Ptr 34h

Reserved 38h

Max_Lat Min_Gnt Interrupt Pin Interrupt Line 3Ch

Figure 3. PCI Configuration Registers
 Datasheet 21
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controlled. (If you are familiar with the 82557, the registers that have changed from the 82557
the 82558 are marked in bold type.)

4.1.1.1 PCI Configuration Command Register

The 82558 Command register at word address 04h in the PCI configuration space provides 
over the 82558 ability to generate and respond to PCI cycles. If a 0h is written to this register, the 
82558 is logically disconnected from the PCI bus for all accesses except configuration acces. 
The format of this register is shown in the figure below. 

Note that bits three, five, seven, and nine are set to 0b. The table below describes the bits of 
Command Register. 

Figure 4. PCI Command Register

Reserved

SERR# Enable
Parity Error Response
Memory Write and Invalidate Enable
Bus Master Enable
Memory Space
IO space

0000

1015 0123456789

Table 1. PCI Command Register Bits

Bits Name Description

0 I/O Space This bit controls a device’s response to the I/O space accesses. A value of 
0b disables the device response. A value of 1b allows the device to 
respond to I/O space accesses. In the 82558, this bit is configurable and 
has a default value of 0b.

1 Memory Space This bit controls a device’s response to the memory space accesses. A 
value of 0b disables the device response. A value of 1b allows the device to 
respond to memory space accesses. In the 82558, this bit is configurable 
and has a default value of 0b.

2 Bus Master This bit controls a device’s ability to act as a master on the PCI bus. A value 
of 0b disables the device from generating PCI accesses. A value of 1b 
allows the device to behave as a bus master. In the 82558, this bit is 
configurable and has a default value of 0b.

4 Memory Write and 
Invalidate Enable

This bit controls a device’s ability to use the Memory Write and Invalidate 
command. A value of 0b disables the device from using the Memory Write 
and Invalidate Enable command. A value of 1b enables the device to use 
the Memory Write and Invalidate command. In the 82558, this bit is 
configurable and has a default value of 0b.

6 Parity Error Control This bit controls a device’s response to parity errors. A value of 0b causes 
the device to ignore any parity errors that it detects and continue normal 
operation. A value of 1b causes the device to take normal action when a 
parity error is detected. This bit must be set to 0b after RST# is asserted. In 
the 82558, this bit is configurable and has a default value of 0b.
22   Datasheet
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Note that the 82558 has the ability to enable or disable the Memory Write and Invalidate Ena
bit.

4.1.1.2 PCI Status Register

The 82558 Status Register is used to record status information for PCI bus related events. T
format of this register is shown in the figure below. 

Note that bits 21, 22, 26, and 27 are set to 0b and bits 20, 23, and 25 are set to 1b. The PCI
Register bits are described in the table below. 

8 SERR# Enable This bit controls a device’s ability to enable the SERR# driver. A value of 0b 
disables the SERR# driver. A value of 1b enables the SERR# driver. This 
bit must be set to report address parity errors. In the 82558, this bit is 
configurable and has a default value of 0b.

10-15 Reserved These bits are reserved and should be set to 000000b.

Table 1. PCI Command Register Bits

Bits Name Description

Figure 5. PCI Status Register

0

Detected Pari ty Error
Signaled System Error
Received Master  Abor t
Received Target  Abort
Signaled Target  Abort
Devsel  T iming
Pari ty Error Detected
Fast Back To Back ( target)
Capabil i t ies List

Reserved011000 10

31 30 29 28 27 26 25 24 23 22 21 20 19 16

Table 2. PCI Status Register Bits

Bits Name Description

16-19 Reserved These bits are reserved and should be set to 0000b.

20 Capabilities List This bit indicates whether the 82558 implements a list of new capabilities 
such as PCI Power Management. A value of 0b means that this function 
does not implement the Capabilities List. If this bit is set to 1b, the Cap_Ptr 
register provides an offset into the 82558 PCI Configuration Space pointing 
to the location of the first item in the Capabilities List. This bit is set only if 
the PM bit in the EEPROM is set.

23 Fast Back-to-Back This bit indicates a device’s ability to accept fast back-to-back 
transactions when the transactions are not to the same agent. A
value of 0b disables fast back-to-back ability. A value of 1b 
enables fast back-to-back ability. In the 82558, this bit is read on
and is set to 1b.
 Datasheet 23
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Note that bit 20 is the Capabilities List bit and holds a fixed value of 1b to indicate that the 82
supports the capabilities list. It is loaded from the EEPROM.

4.1.1.3 Device ID and System ID Registers

Seven fields in the PCI Configuration Registers refer to device identification. The 82558 
implements these registers as required. The device identification registers allow generic 
configuration software to determine what devices are available on the system’s PCI bus. The
registers are described in the table below. 

24 Parity Error Detected This bit indicates whether a parity error is detected. This bit is set to 1b 
when three conditions are met:

1. The bus agent asserted PERR# itself or observed PERR# asserted.

2. The agent setting the bit acted as the bus master for the operation in 
which the error occurred.

3. The Parity Error Response bit in the Command Register (bit 6) is set.

In the 82558, the initial value of the Parity Error Detected bit is 0b. This bit 
is set until cleared by writing a 1b.

25-26 DEVSEL# Timing These two bits indicate the timing of DEVSEL#:

00b - Fast

01b - Medium

10b - Slow

11b - Reserved

In the 82558, these bits are always set to medium (01b).

27 Signaled Target Abort This bit indicates whether a transaction was terminated by a target abort. 
This bit must be set by the target device when it terminates a transaction 
with target abort. In the 82558, this bit is always set to 0b.

28 Received Target Abort This bit indicates that the master has received the target abort. This bit 
must be set by the master device when its transaction is terminated by a 
target abort. In the 82558, the initial value of the Received Target Abort bit 
is 0b. This bit is set until cleared by writing a 1b.

29 Received Master 
Abort

This bit indicates whether or not a master abort has occurred. This bit must 
be set by the master device when its transaction is terminated with a 
master abort. In the 82558, the initial value of the Received Master Abort 
bit is 0b. This bit is set until cleared by writing a 1b.

30 Signaled System Error This bit indicates when the device has asserted SERR#. In the 82558, the 
initial value of the Signaled System Error bit is 0b. This bit is set until 
cleared by writing a 1b.

31 Detected Parity Error This bit indicates whether a parity error is detected. This bit must be 
asserted by the device when it detects a parity error, even if parity error 
handling is disabled (as controlled by the Parity Error Response bit in the 
PCI Command Register bit 6). In the 82558, the initial value of the 
Detected Parity Error bit is 0b. This bit is set until cleared by writing a 1b.

Table 2. PCI Status Register Bits

Bits Name Description

Table 3. Device Identification Registers

Register Description

Vendor ID This field identifies the manufacturer of the device. Valid vendor identification 
numbers are allocated by the PCI SIG to ensure uniqueness. The Vendor ID value 
for the 82558 is 8086h.

Device ID This field identifies the device. This identifier is allocated by the vendor. The Device 
ID for the 82558 is 1229h.
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Note that several of the fields are configurable. The default values for these fields are as follo

1. Vendor ID - 8086h (Intel)

2. Device ID - 1229h (82558)

3. Revision ID - Dependent upon device stepping (05h for the 82558 A-step and B-0 step)

4. Subsystem Vendor ID - 0000h

5. Subsystem ID - 0000h

The 82558 provides support for configurable Subsystem Vendor ID and Subsystem ID fields.
hardware reset is de-asserted, the 82558 automatically reads addresses Ah through Ch of th
EEPROM. The first of these 16-bit values is used for controlling various 82558 functions. Th
second is the Subsystem ID value, and the third is the Subsystem Vendor ID value. Again, th
default values for the Subsystem ID and Subsystem Vendor ID are 0h and 0h, respectively.

The 82558 checks bit numbers 15, 14, and 13 in EEPROM word Ah and acts as according toTable 
4 below. 

Note: The Revision ID is subject to change according to the silicon stepping. For the 82558 A-step
B-step, it is 05h.

The above table implies that if the 82558 detects the presence of an EEPROM (as indicated
value of 01b in bits 15 and 14), then bit number 13 determines whether the values read from
EEPROM, words Bh and Ch, will be loaded into the Subsystem ID (word Bh) and Subsystem
Vendor ID (word Ch) fields only. In the 82558 A-step, when bits 15 and 14 are 01b, the three

Revision ID This field identifies the stepping of the 82558. This value is dependent upon the 
device stepping. For the 82558 A-step and B-0 step, the Revision ID is 05h.

Class Code This field identifies the generic function of the device. In some cases, it also identifies 
a specific register level programming interface. This register is divided in to three 
byte-size fields in the 82558. The upper byte is a base class code and specifies the 
82558 as a network controller. The middle byte is a sub-class code and specifies the 
82558 as an Ethernet controller. The lower byte specifies the register level 
programming interface. This register is read only.

Header Type This field identifies the layout of bytes 10h through 3Fh in the configuration space. It 
also identifies whether or not the device has multiple functions. The 82558 has a 
Header Type of 00h, which indicates a single function device and the layout shown in 
Figure 3 “PCI Configuration Registers” on page 21. This register is read only.

Subsystem Vendor ID This field identifies the vendor of an 82558-based solution. The Subsystem Vendor 
ID values are based upon the vendor’s PCI Vendor ID and is controlled by the PCI 
SIG.

Subsystem ID This field identifies the 82558-specific solution implemented by the vendor indicated 
in the Subsystem Vendor ID field.

Table 3. Device Identification Registers

Register Description

Table 4. 82558 ID Fields Programming

Bits 15, 14 Bit 13 Device ID Vendor ID Revision ID Subsystem ID Subsystem 
Vendor ID

11, 10, 00 X 1229h 8086h 05h 0000h 0000h

01 0 1229h 8086h 05h Word Bh Word Ch

01 1 1229h 8086h Word Ah, 
bits 8-10

Word Bh Word Ch
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significant bits of the Revision ID field are programmed by bits 8-10 of the first EEPROM wor
Ah. In the 82558 B-step, when bits 15 and 14 are 01b and bit 13 is 1b, the three least significa
of the Revision ID field are programmed by bits 8-10 of the first EEPROM word Ah.

Between the de-assertion of reset and the completion of the automatic EEPROM read, the 8
does not respond to any PCI configuration cycles. If the 82558 happens to be accessed duri
time, it will Retry the access. More information on Retry is provided in Section 4.1.2.5, “Retry 
Premature Accesses” on page 32.

4.1.1.4 Base Address Registers

One of the most important functions for enabling superior configurability and ease of use is t
ability to relocate PCI devices in address spaces. The 82558 contains three Base Address Re
Two are used for memory mapped resources, and one is used for I/O mapping. Each registe
bits wide. The least significant bit in BAR determines whether it represents an I/O or memory
space. The figure below show the layout of a BAR for both I/O and memory mapping. After 
determining this information, power-up software can map the I/O and memory controllers int
available locations and proceed with system boot. In order to do this mapping in a device 
independent manner, the base registers for this mapping are placed in the predefined header
of configuration space. Device drivers can then access this configuration space to determine
mapping of a particular device. 

Bit 0 in all base registers is read-only and used to determine whether the register maps into 
Memory or I/O space. Base registers that map to Memory space must return a 0 in bit 0. Bas
registers that map to I/O space must return a '1' in bit 0. 

Base registers that map into I/O space are always 32 bits with bit 0 hardwired to a '1', bit 1 is
reserved and must return '0' on reads, and the other bits are used to map the device into I/O

Figure 6. Base Address Register for Memory Mapping

Figure 7. Base Address Register for I/O Mapping

Base Address 0

031 4 3 2 1

Prefetchable

Set to 1B if there are no side effects on reads, the device 
returns all bytes on reads regardless of the byte enables, 
and host bridges can merge processor writes into this 
range without causing errors.

Type

00 - locate anywhere in 32-bit address space

01 - locate below 1 Mbyte

10 - locate anywhere in 64-bit address space

11 - reserved

Memory space indicator

Base Address 0

031 2 1

Reserved

I/O space indicator

1

26   Datasheet



82558

dress 
ss 
setting 

nd 

ng. 
558 

It is 
.

dress 
558 

nsion 
this 

s 
are 
Flash 
The number of upper bits that a device actually implements depends on how much of the ad
space the device will respond to. For example, a device that wants a 1 Mbyte memory addre
space would set the most significant 12 bits of the base address register to be configurable, 
the other bits to 0.

The 82558 contains Base Address Registers for the Control/Status Register (CSR), Flash, a
Expansion ROM.

4.1.1.4.1 CSR Memory Mapped and I/O Mapped Base Address Registers

The 82558 requires one Base Address Register for Memory mapping and one for I/O mappi
Software determines which Base Address Register, Memory or I/O, is used to access the 82
CSR registers.

The memory space for the 82558 CSR Memory Mapped Base Address Register is 4 Kbyte. 
marked as prefetchable space and is mapped anywhere in the 32-bit memory address space

The I/O space for the 82558 CSR I/O Mapped Base Address Register is 32 bytes.

4.1.1.4.2 Flash and Expansion ROM Base Address Registers

The 82558 has a Flash Base Address Register (offset 18h) and an Expansion ROM Base Ad
Register (offset 30h). Both registers provide access to the 64 Kbyte Flash memory via the 82
local bus. The Expansion ROM Base Address Register can be disabled by setting bit 11 of 
EEPROM word Ah. The Flash Base Address Register cannot be disabled. Thus, if the Expa
ROM Base address register disable bit is set, the 82558 will always return zero on all bits in 
address register, avoiding requesting memory allocation for this space.

Although the 82558 supports only 64 Kbyte for Flash address space, the Flash Base Addres
Register and Expansion ROM Base Address Register require 1 Mbyte for each space. Softw
should not access Flash addresses above 64 Kbyte for these memory spaces. Accesses to 
space above 64 Kbyte are aliased to lower addresses.

The Flash Base Address Register is shown below in the figure below. 

Figure 8. Flash Base Address Register

Flash Base Address Bits 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W - used for address decode31 20 19 4 3 2 1 0read only

Prefetchable Bit

0 - The Flash is not prefetchable

Type

00 means the Flash space can be anywhere in the 32-bit address space

Memory Space Indicator
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Note: The Flash is not prefetchable.

The Expansion ROM Base Address Register is shown in the figure below. 

Note: The Address Decode Enable bit is configurable.

4.1.1.5 Cache Line Size Register

In order for the 82558 to support the Memory Write and Invalidate command, the 82558 mus
support the Cache Line Size (CLS) register in PCI Configuration Space. The register support
the cache line sizes of 8 and 16 Dwords. Any value other than 8 or 16 that is written to the re
is ignored and the 82558 does not use the Memory Write and Invalidate command. If a value
than 8 or 16 is written into the CLS register the 82558 returns all zeroes when the CLS regis
read. The figure below illustrates the format of this register. 

Note: Bit 3 is set to 1b only if the value 00001000b (8h) is written to this register, and bit 4 is set to
only if the value 00010000b (16h) is written to this register. All other bits are read only and w
return a value of 0b on read.

This register is expected to be written by the BIOS and the 82558 driver should not write to i

4.1.2 82558 Bus Operations

4.1.2.1 General Overview

After configuration, the 82558 is ready for its normal operation. As a Fast Ethernet Controlle
role of the 82558 is to access transmitted data or deposit received data. In both cases the 82
a bus master device, will initiate memory cycles via the PCI bus to fetch/deposit the required

In order to perform these actions, the 82558 is controlled and examined by the CPU via its c
and status structures and registers. Some of these control and status structures reside on c
some reside in system memory. For access to its Control/Status Registers (CSR), the 82558
as a slave (target). The 82558 serves as a slave also while the CPU accesses its 64 Kbyte F
buffer or its EEPROM. Section 4.1.2.2 describes the 82558 slave operation. It is followed by a 
description of the 82558 operation as a bus master (initiator).

4.1.2.2 82558 Bus Slave Operation

The 82558 serves as a Slave in one of the following cases:

• CPU accesses to the 82558 SCB control and status structures (CSR)

Figure 9. Expansion ROM Base Address Register

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W - used for address decode31 20 19 1 0read only

Address Decode Enable Bit

Expansion ROM  Base Address B its

7 6 5 4 3 2 1 0

0 0 0 RW RW 0 0 0

Figure 10. Cache Line Size Register
28   Datasheet



82558

 
space to 
ytes in 
y spaces 

ace. 
lish this. 
se 

ing the 
action. 
• CPU accesses to the EEPROM through its control register (CSR)

• CPU accesses to the 82558 PORT address (CSR)

• CPU accesses to the MDI control register (CSR)

• CPU accesses to the Flash control register (CSR)

• CPU accesses to the 64 Kbyte Flash

The CSR and the 1 Mbyte Flash buffer are considered by the 82558 as two totally separated
memory spaces. The 82558 provides separate Base Address Registers in the configuration 
distinguish between them. The size of the control and status registers memory space is 32 b
the I/O space and 4 Kbyte in the memory space. The 82558 treats accesses to these memor
differently.

4.1.2.3 Control/Status Register (CSR) Accesses

The 82558 supports zero wait state single cycle I/O or memory mapped accesses to its CSR sp
Separate base address registers request 32 bytes of both memory and I/O space to accomp
Based on its needs, the software driver will use either I/O or memory mapping to access the
registers. The 82558 provides 32 valid bytes of CSR, which include the following elements:

• SCB

• PORT

• Flash control register

• EEPROM control register

• MDI control register

The figures below show CSR zero wait state I/O read and write cycles. In the case of access
Control and Status structures, the CPU is the initiator and the 82558 is the target of the trans

Figure 11. CSR Read Cycle

1 2 3 4 5 6 7

ADDRESS DATA

I/O-RD BE#s

CLK

FRAME#

AD

C/BE#

IRDY#

TRDY#

DEVSEL#

82
55

8
C

P
U

STOP#
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Read Accesses: The CPU, as the initiator, drives the address lines AD0-31, the command and
enable lines C/BE0-3# and the control lines IRDY# and FRAME#. As a slave, the 82558 con
the TRDY# signal and provides valid data on each data access. The 82558 allows the CPU t
only one read cycle when it accesses the Control and Status registers, generating a disconn
asserting the STOP# signal. The CPU can insert wait states by de-asserting IRDY# when it 
ready.

Write Accesses: The CPU, as the initiator, drives the address lines AD0-31, the command and
enable lines C/BE0-3# and the control lines IRDY# and FRAME#. It also provides the 82558
valid data on each data access immediately after asserting IRDY#. The 82558 controls the T
signal and asserts it from the data access. As for read cycles, the 82558 allows the CPU to 
only one I/O write cycle to the Control & Status registers, generating a disconnect by asserti
STOP# signal. This is true for both memory mapped and I/O mapped accesses.

4.1.2.4 Flash Buffer Accesses

The CPU accesses to the Flash Buffer are very slow. For this reason the 82558 issues a target-
disconnect at the first data access. The 82558 asserts the STOP# signal to indicate a target-
disconnect. The figures below illustrate memory CPU read and write accesses to the 64 Kbyt
Flash buffer. The longest burst cycle to the Flash buffer contains one data access only.

Figure 12. CSR Write Cycle

FRAME#

CLK
1 2 3 4 5 6 7

AD ADDRESS DATA

C/BE# I/O-WR BE#s

IRDY#

TRDY#

DEVSEL#

STOP#
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Read Accesses: The CPU, as the initiator, drives the address lines AD[31:0], the command an
byte enable lines C/BE0-3# and the control lines IRDY# and FRAME#. The 82558 controls th
TRDY# signal and de-asserts it for a certain number of clocks until valid data can be read fro
Flash Buffer. When TRDY# is asserted, the 82558 drives valid data on the AD[31:0] lines. Th
CPU can also insert wait states by de-asserting IRDY# until it is ready. Flash buffer read acc
can be byte or word length. 

Write Accesses: The CPU, as the initiator, drives the address lines AD0-31, the command and byte 
enable lines C/BE0-3# and the control lines IRDY# and FRAME#. It also provides the 82558 with 
valid data immediately after asserting IRDY#. The 82558 controls the TRDY# signal and de-asserts
it for a certain number of clocks until valid data is written to the Flash Buffer. By asserting TRDY#, 
the 82558 signals the CPU that the current data access is completed. Flash buffer write acces
be byte length only.

Figure 13. Flash Buffer Read Cycle

Figure 14. Flash Buffer Write Cycle
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4.1.2.5 Retry Premature Accesses

As mentioned above, the 82558 responds with a Retry to any configuration cycle accessing 
82558 before the completion of the automatic read of the EEPROM. The 82558 may continu
Retry any configuration accesses until the EEPROM read is completed. The 82558 does no
enforce the rule that the retried master must attempt to access the same address again in o
complete any delayed transaction. Any master access to the 82558 after the completion of t
EEPROM read will be honored. The figure below depicts how a Retry looks when it would oc

Note that the 82558 is considered the target in the above diagram; thus, TRDY# is not asser

4.1.2.6 Error Handling

Data Parity Errors: The 82558 checks for data parity errors while it is the target of the 
transaction. If an error was detected, the 82558 always sets the Detected Parity Error bit (PC
Status Register, bit 15). The 82558 also asserts PERR#, if the Parity Error Response bit is s
Command Register, bit 6). The 82558 does not attempt to terminate a cycle in which a parity
was detected. This gives the initiator of the access, at each hardware or software level, the o
recovery.

Target-Disconnect: The 82558 will use premature termination in the following cases:

• After accesses to the 64 Kbyte Flash buffer.

• After accesses to its CSR.

• After accesses to the configuration space

System Error: The 82558 reports parity error on address phase using the SERR# pin. If the 
SERR# Enable bit (in the PCI-configuration command register) or the Parity Error Response 
not set, the 82558 only sets the Detected Parity Error bit (PCI Status Register, bit 15). If SER
Enable and Parity Error Response bits are both set, the 82558 sets the Signaled System Err
(PCI Status Register, bit 14) as well as the Detected Parity Error bit and asserts SERR# for 
clock.

Figure 15. PCI Retry Cycle

FRAME#

CLK

STOP#

TRDY#

IRDY#

DEVSEL#
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The 82558, when detecting system error, will claim the cycle if it was the target of the transa
and continue the transaction as though the address was correct.

Note: The 82558 will report a system error for any parity error on address phase, whether or not it 
involved in the current transaction.

4.1.2.7 82558 Bus Master Operation

As a PCI Bus Master, the 82558 initiates memory cycles to fetch data for transmission or de
received data and for accessing the memory resident control structures. The 82558 perform
wait state burst read and write cycles to the host main memory. Figure 16 and Figure 17 depict 
memory read and write burst cycles. For bus master cycles, the 82558 is the initiator and the
main memory (or the PCI Host Bridge depending on the configuration of the systems) is the t

The CPU provides the 82558 with action commands and pointers to the data buffers that res
host main memory. The 82558 independently manages these structures and initiates burst m
cycles to transfer data to and from them. The 82558 uses MEM-RD Multiple for burst access

Figure 16. Memory Read Burst Cycle

Figure 17. Memory Write Burst Cycle
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data buffers and MEM-RD LINE for burst accesses to control structures (commands, pointer
etc.). For all write accesses to the control structure, the 82558 uses the MEM-WR command
write accesses to data structure, the 82558 may use either the MEM-WR or MWI commands

Read Accesses: The 82558 performs block transfers from host system memory in order to per
frame transmission on the serial link. In this case, the 82558 initiates zero wait state memory read 
burst cycles for these accesses. The length of a burst is bounded by the system and also by
82558 internal FIFO. The length of a read burst may also be bounded by the TX DMA 
MAXIMUM BYTE COUNT in the Configuration command.

The 82558, as the initiator, drives the address lines AD0-31, the command and byte enable 
BE0-3# and the control lines IRDY# and FRAME#. The 82558 asserts IRDY# to support zero
state burst cycles. The target signals the 82558 that valid data is ready to be read by asserti
TRDY# signal.

Write Accesses: The 82558 performs block transfers to host system memory during frame 
reception. In this case, the 82558 initiates memory write burst cycles to deposit the data, usu
without wait states. The length of a burst is bounded by the system and also by the 82558 in
FIFO threshold. The length of a write burst may also be bounded by the RX DMA MAXIMUM
BYTE COUNT in the Configuration command.

The 82558, as the initiator, drives the address lines AD0-31, the command and byte enable 
BE0-3# and the control lines IRDY# and FRAME#. The 82558 asserts IRDY# to support zero
state burst cycles. The 82558 also drives valid data on AD0-31 lines during each data phase
the first clock and on). The target controls the length and signals completion of a data phase
assertion and assertion of TRDY#. 

Cycle Completion: The 82558 completes (terminates) its initiated memory burst cycles in the
following cases:

Normal Completion: all data involved in the transaction has been transferred to or from t
target (for example, host main memory).

Backoff: the Latency Timer has expired and the arbiter has removed the 82558 bus grant
(GNT#), indicating that the 82558 has been preempted by another bus master.

TX or RX DMA MAXIMUM BYTE COUNT: the 82558 burst has reached the length 
specified in the TX or RX DMA MAXIMUM BYTE COUNT field in the configuration block.
Refer to the 82558 Software Developer’s Manual for more detailed information.

Target Termination: the target may request to terminate the transaction with target-disco
target-retry, or target-abort. In the first two cases, the 82558 initiates the cycle again. In t
case of a Target Abort, the 82558 sets the Received Target Abort bit in the PCI Status fie
(PCI Status Register, bit 12) and does not re-initiate the cycle. 

Master Abort: the target of the transaction has not responded to the address initiated by
82558 (DEVSEL# has not been asserted). The 82558 simply de-asserts FRAME# and IR
as in the case of normal completion.

Error Condition: in the event of parity or any other system error detection, the 82558 
completes its current initiated transaction. Any further action taken by the 82558 depend
the type of error and other conditions.

Data Parity Errors:  As an initiator, the 82558 checks and detects data parity errors that occu
during a transaction. If the Parity Error Response bit is set (PCI Command Register, bit 6), th
82558 also asserts PERR# and sets the Data Parity Detected bit (PCI Status Register, bit 8)
addition, if the error was detected by the 82558 during read cycles, it sets the Detected Parit
bit (PCI Status Register, bit 15).
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4.1.3 Memory Write and Invalidate

The 82558 has four Direct Memory Access (DMA) channels. Of these four channels, the Re
DMA is used to deposit the large number of data bytes received from the link into system me
The Receive DMA uses both the Memory Write (MW) and the Memory Write and Invalidate 
(MWI) commands. In order to use MWI, the 82558 must guarantee the following:

1. Minimum transfer of one cache line. 

2. All byte-enable bits are active during MWI access.

3. The 82558 may cross the cache line boundary only if it intends to transfer the next cach
too.

In order to ensure the above conditions, the 82558 may use the MWI command only if the 
following conditions hold:

1. The cache line size written in the CLS register during PCI configuration is 8 or 16 Dword

2. The accessed address is cache line aligned.

3. The 82558 has at least 8 or 16 Dwords of data in its receive FIFO.

4. There are at least 8 or 16 Dwords of data space left in the system memory buffer.

5. The MWI Enable bit in the PCI Configuration Command register, bit 4, should be set to ‘

6. The MWI Enable bit in the 82558 Configure command should be set to ‘1’.

If any one of these conditions does not hold, the 82558 will use the MW command. If a MWI c
has started and one of the conditions no longer holds (for example, the data space in the me
buffer is now less than CLS), then the 82558 terminates the MWI cycle at the end of the cach
The next cycle will be either a MWI or MW cycle depending on the conditions listed above. 

If the 82558 started a MW cycle and reached a cache line boundary, it either continues or 
terminates the cycle depending on the Terminate Write on Cache Line configuration bit (825
configuration data, byte three, bit three). If this bit is set, the 82558 terminates the MW cycle
attempts to start a new cycle. The new cycle is a MWI cycle if all the conditions are met. If th
is not set, the 82558 continues the MW cycle across the cache line boundary if required.

4.1.4 Read Align

The Read Align feature enhances the 82558 performance in cache line oriented systems. In
particular systems, starting a PCI transaction on a non-cache line aligned address may caus
performance.

In order to resolve this performance anomaly, the 82558 attempts to terminate Transmit DMA
cycles on a cache line boundary and start the next transaction on a cache line aligned addre
feature is enabled when the Read Align Enable bit is set in the 82558 configuration data (byt
three, bit two). 

If this bit is set, the 82558 operates as follows:

• When the 82558 is almost out of resources on the Transmit DMA (that is, the transmit FI
almost full), it attempts to terminate the read transaction on the nearest cache line boun
when possible.

• When the arbitration counter’s feature is enabled (maximum Transmit DMA byte count v
is set in configuration space), the 82558 switches to other pending DMAs on cache line 
boundary only.
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Note the following:

• This feature is not recommended for use in non-cache line oriented systems since it may
shorter bursts and lower performance.

• This feature should be used only when cache line size filled in PCI configuration space is
8 or 16.

• The 82558 reads all its control data structures (including Receive Buffer Descriptors) from
first Dword (even if it is not required) in order to maintain cache line alignment.

4.2 Flash/EEPROM Interface

The local memory interface consists of an interface to a Flash (or EPROM) and an interface 
serial EEPROM. The 82558 provides address decoding and control to allow access to up to 
Kbyte of Flash. The EEPROM is used to store information such as configurations bits, Subsy
ID, Subsystem Vendor ID, Node Individual Address and board configuration.

4.2.1 Flash Interface

The Flash (or Boot EPROM) is read from or written to whenever the host CPU performs a rea
write operation to a memory location that is within the Flash mapping window. All accesses t
Flash, except read accesses, require the appropriate command sequence for the device use
to the specific Flash data sheet for more details on reading from or writing to Flash. The acce
the Flash are based on a direct decode of CPU accesses to a memory window defined in eit
82558 Flash Base Address Register (PCI Control Register at offset 18h) or the Expansion R
Base Address Register (PCI Control Register at offset 30h). The 82558 asserts control to the
when it decodes a valid access. 

The 82558 supports an external Flash memory (or Boot ROM) of up to 64 Kbyte. The Flash 
accessed by eight multiplexed address pins and eight data pins. Each access is comprised o
address cycles, one data cycle, and then zero to three pairs of address and data cycles. Acce
Flash is as follows:

1. At the first address cycle, the 82558 provides the eight most significant bits of the addre
the eight Flash address pins FLADDR[7:0]. 

2. The 82558 then asserts the FLCS# signal (low) which latches the most significant bits o
address into an external 8-bit latch. The output pins of the latch should be connected to 
eight most significant bits of the address of the 64 Kbyte Flash. 

3. During the second address phase, the 82558 provides the 8 least significant bits of the a
on FLADDR[7:0]. If the access consists of more than one byte, the 82558 modifies the le
significant bits of the address and reads/writes the next byte, up to a maximum total of fo
bytes.

The access to the Flash can be done by either accessing the Flash address space, as defin
Flash Base Address Register (offset 18h), or the Expansion ROM address space, as defined
Expansion ROM Address Register (offset 30h). The Expansion ROM address can be separa
disabled by setting the corresponding bit in EEPROM word Ah.

Note that Flash accesses must always be assembled or disassembled by the 82558 whenev
access is greater than a byte-wide access. Due to slow access times to a typical Flash and t
violating PCI bus holding specifications (no more than 16 wait states inserted for any cycles w
are not system initiation cycles), the maximum data size is two bytes for a read operation an
byte for a write operation.
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Note: If the WOL bit is set, then the boot disable bit should also be set in order to prevent Flash acc
the BIOS. Software should not access the Flash while the WOL bit is set.

4.2.2 EEPROM Interface

The Serial EEPROM stores configuration data for the 82558. The EEPROM is a serial in/seri
device. The 82558 supports a single size of EEPROM that contains 64 registers of 16 bits pe
register, and operates at a frequency of at least 1 MHz. All accesses, either read or write, ar
preceded by a command instruction to the device. The command instructions begin with a lo
‘1’ as a start bit, two operation code bits (for example, read, write, erase), and n-bits of addres
address field is six bits for a 64 register EEPROM. The end of the address field is indicated b
dummy zero bit from the EEPROM, which indicates the entire address field has been transfer
the device. A command is issued by asserting the Chip Select signal and clocking the data i
EEPROM on its Data In input relative to the Shift Clock input. The Chip Select signal is de-
asserted after completion of the EEPROM cycle (command, address and data).

The 82558 performs an automatic read of three or six registers of the EEPROM after the de-
assertion of Reset. The 82558 provides a sequence of 110A5A4A3A2A1A0b (start bit, read opcode 
bits, address bits) and reads the 16 bits of data that follow the dummy zero, assuming the m
significant byte first. The 82558 then repeats the process for the next addresses.

The 82558 EEPROM read sequence executed after de-assertion of reset is shown in Figure 18 
below. 

Note that word Ah contains several configuration bits. These bits are defined as follows: 

Address 15-14 13 12 11 10-8 7 6 5 4-2 1-0

Ah Sig ID Rsvd Boot 
Dis

Rev ID PM Rsvd WOL Rsvd PHY 
Addr

Bh Subsystem ID

Ch Subsystem Vendor ID

0h IA2 IA1

1h IA4 IA3

2h IA6 IA5

Figure 18. 82558 EEPROM Format

Table 5. EEPROM Word Ah Field Descriptions

Bits Name Description

0-1 PHY Address These two bits are used as PHY address whenever a valid EEPROM exists; 
otherwise, the default value of 1h is used.

2-4 Reserved These bits should be set to 000b.

5 Wake on LAN* The WOL bit is sets the 82558 into WOL mode. When in this mode the 82558 
reads three additional words from the EEPROM from word addresses 0h, 1h, 
and 2h. These words are expected to hold the MAC Individual Address. After 
reading these words the 82558 wakes the system by asserting PME# when a 
wake-up packet is received. Default value is 0b.

6 Reserved This bit is reserved and should be set to 0b.

7 Power 
Management

The Power Management bit enables the 82558 whether to activate the power 
management abilities. If this bit is set, the 82558 will set the Cap_Ptr register to 
zero indicating no PCI compliant power management capabilities. Default value 
is 0b.
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Note: The shaded area defines the difference in the 82558 B-step from the 82558 A-step.

Note that words 0h, 1h, and 2h, the Individual Address (IA) bytes, are read by the 82558 onl
WOL bit is set. When read, the words are stored in the 82558 and used for receive address f
and transmit source address insertion.

The IA read from the EEPROM is used by the 82558 until an IA-Setup command is issued b
software. The IA defined by the IA-Setup command overrides the IA read from the EEPROM

The 82558 EEPROM read is approximately 6000 CLK clocks long (180 microseconds at 33 M
or 12000 CLK clocks in WOL mode (360 microseconds at 33 MHz). The system is required 
provide a valid clock on the CLK pin for this time period after RST# de-assertion even if the 8
has its ISOLATE# pin asserted (the CLK input is not isolated until the EEPROM accesses ar
complete).

8-10 Revision ID These three bits are used as the three least significant bits of the device 
revision, if bits 15 and 14 are set to 01b and the ID was set as described in 
Section 4.1.1.3, “Device ID and System ID Registers” on page 24. The default 
value depends on the silicon revision.

8-10 Revision ID

(B-step only)

These three bits are used as the three least significant bits of the device 
revision, if bits 15, 14, and 13 equal 011b and the ID was set as described in 
Section 4.1.1.3, “Device ID and System ID Registers” on page 24. The default 
value depends on the silicon revision.

11 Boot Disable The Boot Disable bit disables the Expansion ROM Base Address Register 
(Address 30h) when it is set. Default value is 0b.

12 Reserved This bit is reserved and should be set to 0b.

13 ID The ID bit indicates how the Subsystem ID and Subsystem Vendor ID fields are 
used as described in Section 4.1.1.3, “Device ID and System ID Registers” on 
page 24. Default value is 0b.

14-15 Signature The Signature field is a signature of 01b, indicating to the 82558 that there is a 
valid EEPROM present. If the Sig field is not 01b, the other bits are ignored and 
the default values are used.

Table 5. EEPROM Word Ah Field Descriptions

Bits Name Description
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EEPROM read instruction waveform is shown in the figure below. 

4.3 10/100 Mbps CSMA/CD Unit

The 82558 CSMA/CD unit implements both the IEEE 802.3 Ethernet 10 Mbps and IEEE 802
Fast Ethernet 100 Mbps standards. It performs all the CSMA/CD protocol functions such as 
transmission, reception, collision handling, etc. The 82558 CSMA/CD unit interfaces the inte
PHY unit through a standard Media Independent Interface (MII), as specified by IEEE 802.3 
chapter 22, This is a 10/100 Mbps mode in which the data stream is nibble-wide and the ser
clocks run at either 25 or 2.5 MHz.

4.3.1 Full Duplex

When operating in full duplex mode the 82558 can transmit and receive frames simultaneou

Transmission starts regardless of the state of the internal receive path. Reception starts whe
internal PHY detects a valid frame on the RCV pair of the PHY.

The 82558 operates in either half duplex mode or full duplex mode. For proper operation, bo
82558 CSMA module and the PHY unit must be set to the same duplex mode.

The CSMA duplex mode is set by the 82558 Configure command or forced by automatically
tracking the mode in the PHY unit.

The PHY duplex mode is set either by Auto-Negotiation or, if Auto-Negotiation is disabled, b
setting the Full duplex bit in the MMI register (register #0 bit #8). Note that by default, the inte
PHY unit advertises full duplex ability in the Auto-Negotiation process regardless of the dupl
setting of the CSMA unit. The CSMA configuration should match the result of the Auto-
Negotiation.

The selection of duplex operation (full or half) and flow control is done in two levels: MAC an
PHY.

Figure 19. EEPROM Read Instruction Waveform

A 1A 0

E E C S

E E S K

EEDI

E E D O

A 5 A 4 A 2

D 1 5 D 0

READ OP code

A 3 A 1 A 0
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The MAC duplex selection is done only through CSMA configuration mechanism (configure 
command from the software).

4.3.2 Flow Control

The 82558 supports frame based flow control frames in both full duplex and half duplex swit
environments. The 82558 flow control feature is not intended to be used in shared media 
environments.

The 82558 supports two methods of Flow Control (FC) while operating in full duplex:

• PHY based Flow Control

• Frame based Flow Control

The 82558 supports the PHY based FC only when operating in PHY mode using its internal 
unit.

FC is optional in FDX mode and also can be selected only through software configuration. T
are four modes for flow control: PHY based FC, frame-based-transmit FC, frame-based-rece
and none. Frame based transmit and receive can be selected

PHY duplex and frame based FC enable is selected using NWay* Auto-Negotiation algorithm
through the Management Data Interface. The 82558 default ability advertisement in the Auto
Negotiation process is capable of PHY based FC.

The two flow control methods should not be used at the same time.

4.3.3 Address Filtering Modifications

The 82558 can be configured to ignore one bit when checking for its IA on incoming receive 
frames. The address bit is the second least significant bit of the first byte of the IA, known as
Upper/Lower (U/L) bit. This bit may be used in some cases as a priority indication bit. When
configured to do so, the 82558 passes any frame that matches all the other 47 address bits o
regardless of the value of the U/L bit.

Note that this configuration only affects the 82558 specific IA and not multicast, multi-IA or 
broadcast address filtering.

The 82558 does not attribute any priority to frames with this bit set, it simply passes them to
memory regardless of this bit.

4.3.4 VLAN Support

The 82558 supports the emerging VLAN standard currently being defined by the IEEE 802.1
committee. All VLAN flows will be implemented by software. The 82558 supports the receptio
long frames, specifically frames longer than 1.5 kilobits. However, it marks them as bad fram
The change was the addition of a configuration in which the 82558 does not mark long frame
bad frames.
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4.4 Media Independent Interface (MII) Management Interface

The MII management interface allows the CPU control over the PHY unit via a control regist
the 82558. This allows the driver software to place the PHY in specific modes such as Full D
Loopback, Power Down, etc., without the need for specific hardware pins to select the desire
mode. This structure allows the 82558 to query the PHY unit for status of the link. This regis
called the MDI Control Register, resides at offset 10h in the 82558 CSR. The CPU writes 
commands to this register and the 82558 reads or writes control/status parameters to the PH
through the MDI register.

4.4.1 Management Data Interface (MDI) Register

The structure of the MDI control register is described in the following figure.

Where: 

The MDI register may be written as a 32-bit entity, two 16-bit entities, or four 8-bit entities. In
latter cases, the 82558 will only start the MDI cycle after the high byte (offset 1Bh) is written;
therefore, the high byte should be written last.

4.5 100BASE-TX PHY Unit

4.5.1 100BASE-TX Transmit Clock Generation

A 25 MHz crystal or a 25 MHz oscillator is used to drive the PHY unit’s X1 and X2 pins. The P
unit derives its internal transmit digital clocks from this crystal or oscillator input. The interna
TXCLK signal is a derivative of the 25-Mhz internal clock. The accuracy of the external cryst
oscillator must be ± 0.0005% (50 PPM).

31    30 29 28 27     26 25                       21 20                       16 15                                                             0

0   0 I R OP PHYADD REGADD DATA

Bits Name Description

0-15 Data In a write command, software places the data bits in this field, and the 82558 
shifts them out to the PHY unit. In a read command the 82558 reads these 
bits serially from the PHY unit, and software can read them from this location.

16-20 PHY Register 
Address

These bits hold the PHY Register Address.

21-25 PHY Address These bits hold the PHY Address.

26-27 Opcode Valid values for the opcode are:

01 - MDI Write

10 - MDI Read

Any other values are reserved.

28 Ready This bit is set to ‘1’ by the 82558 at the end of an MDI transaction (for 
example, a read or write has been completed). It should be reset to ‘0’ by 
software at the same time the command is written.

29 Interrupt Enable When set to ‘1’ by software, it will cause the 82558 to assert an interrupt to 
indicate the end of an MDI cycle.

30-31 Reserved These bits are reserved and should be set to 00b.
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4.5.2 100BASE-TX Transmit Blocks

The transmit subsection of the PHY unit accepts nibble-wide data from the CSMA/CD unit. T
transmit subsection passes data unconditionally to the 4B/5B encoder.

The 4B/5B encoder accepts nibble-wide data from the CSMA unit and compiles it into 5-bit-w
parallel symbols. These symbols are scrambled and serialized into a 125-Mbps bit stream, 
converted by the analog transmit driver into a MLT-3 waveform format, then transmitted into 
UTP or STP wire.

4.5.2.1 100BASE-TX 4B/5B Encoder

The 4B/5B encoder complies with the IEEE 802.3u 100BASE-TX standard. Four bits are enc
according to the TX 4B/5B lookup table. The lookup table matches a-5 bit code to each 4-bit

The table below illustrates the 4B/5B encoding scheme associated with the given symbol. 

Table 6. 4B/5B Encoder

Symbol 5B Symbol Code 4B Nibble Code

0 11110 0000

1 01001 0001

2 10100 0010

3 10101 0011

4 01010 0100

5 01011 0101

6 01110 0110

7 01111 0111

8 10010 1000

9 10011 1001

A 10110 1010

B 10111 1011

C 11010 1100

D 11011 1101

E 11100 1110

F 11101 1111

I 11111 Inter Packet Idle Symbol (No 4B)

J 11000 1st Start of Packet Symbol 0101

K 10001 2nd Start of Packet Symbol 0101

T 01101 1st End of Packet Symbol

R 00111 2nd End of Packet Symbol and Flow Control

V 00000 INVALID

V 00001 INVALID

V 00010 INVALID

V 00011 INVALID

H 00100 INVALID
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4.5.2.2 100BASE-TX Scrambler and MLT-3 Encoder

Data is scrambled in 100BASE-TX in order to reduce electromagnetic emissions during long
transmissions of high-frequency data codes. The Scrambler logic accepts 5 bits from the 4B
encoder block, then presents scrambled data to the MLT-3 encoder. The PHY unit implemen
11-bit Stream Cipher scrambler as adopted by the ANSI XT3T9.5 committee for Unshielded
Twisted Pair operation. The cipher equation used is: X[n] = X[n-11] + X[n-9] (mod 2).

The encoder receives the scrambled NRZ data stream from the Scrambler and encodes the
into MLT-3 for presentation to the Driver. MLT-3 is similar to NRZI coding, but three levels are
output instead of two. There are three output levels: positive, negative and zero (0). When an
“0” arrives at the input of the encoder, the last output level is maintained (either positive, neg
or zero). When an NRZ “1” arrives at the input of the encoder, the output steps to the next le
The order of steps is negative-zero-positive-zero which continues periodically. 

V 00101 INVALID

V 00110 INVALID

V 01000 INVALID

V 01100 INVALID

V 10000 PHY based Flow Control

V 11001 INVALID

Table 6. 4B/5B Encoder

Symbol 5B Symbol Code 4B Nibble Code

Figure 20. NRZ to MLT-3 Encoding Diagram

1011 0 00 1

CLOCK

MLT-3

NRZI

NRZ

1011 0 00 1

1011 0 00 1
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4.5.2.3 100BASE-TX Transmit Framing

The PHY unit does not differentiate between the fields of the MAC frame containing preambl
SFD, data and CRC. The PHY unit encodes the first byte of the preamble as the “JK” symbo
encodes all other pieces of data according to the 4B/5B lookup table, and adds the “TR” cod
the end of the packet (de-assertion of TXEN). The PHY unit scrambles and serializes the da
a 125-Mbps stream, encodes it as MLT-3, and drives it onto the wire.

4.5.2.4 Transmit Driver

The TD pair lines are implemented with a digitally slope controlled current driver that meets 
TP-PMD specifications. Current is sinked from the isolation transformer by the TDP and TDN
pins. The total current sinked into Vss pins is a constant 40mA. Conceptual transmit waveform
100 Mbps are given in the following figure. 

The magnetics module that is external to the PHY unit converts ITDP and ITDN to the 2.0 Vpp, as 
required by the TP-PMD specification. The same magnetics used for 100BASE-TX mode sh
also work in 10BASE-T mode. The following is a list of current magnetics modules available 
several vendors: 

Figure 21. Transmit Waveforms (conceptual)

(VTDP -VTDN )

+1V

0V

-1V

40mA

ITDP

20mA

0

40mA

20mA

0

ITDN

t

t

t

Table 7. Magnetics Modules

Vendor Model/Type 100BASE-TX 10BASE-T

Delta LF8200A Yes Yes

Pulse Engineering PE-68515 Yes Yes
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4.5.3 100BASE-TX Receive Blocks

The receive subsection of the PHY unit accepts 100BASE-TX MLT-3 data on the RD pair. Du
the advanced DSP design techniques employed, the PHY unit will accurately receive valid d
from CAT5 UTP and type 1 STP cable of length well in excess of 100 meters.

4.5.3.1 Adaptive Equalizer

The distorted MLT-3 signal at the end of the wire is restored by the equalizer. The equalizer 
performs adaptation based on the shape of the received signal, equalizing the signal to mee
superior DDJ (Data Dependent Jitter) performance.

4.5.3.2 Receive Clock and Data Recovery

The clock recovery circuit uses advanced DSP technology to compensate for various signal 
causes. The circuit recovers the 125 MHz clock and the data, and presents the data to the M
decoder.

4.5.3.3 MLT-3 Decoder, Descrambler, and Receive Digital Section

The PHY unit first decodes the MLT-3 data, then the Descrambler reproduces the 5B symbo
originated in the transmitter. The descrambling is based on synchronizing to the transmit 11-
LFSR (Linear Feedback Shift Register) during idle. Then the data is decoded at the 4B/5B de
Once the 4B symbols are obtained, the PHY unit outputs the receive data to the CSMA unit.

4.5.3.4 100BASE-TX Receive Framing

The PHY unit does not differentiate between the fields of the MAC frame containing preambl
SFD, data and CRC. During 100 Mbps reception, the PHY unit differentiates between the ID
condition ("L" symbols on the wire) and the preamble or SFD. When two non-consecutive bit
0 within 10 bits (125 Mbps 5B data coding) the PHY unit immediately asserts CRS. When the
symbols (“11000, 10001”) are fully recognized, the PHY unit asserts the RXDV signal and 
provides the received data to the CSMA unit. If the “JK” symbol is not recognized (“false CR
CRS is immediately de-asserted and an RXER is indicated.

4.5.3.5 100BASE-TX Receive Error Detection and Reporting

In 100BASE-TX mode, the PHY unit can detect errors in the receive data in a number of way
Any of the following conditions is considered an error:

• Link integrity fails in the middle of a reception

• The SSD (“JK”) symbol is not fully detected after idle

• An invalid symbol is detected at the 4B/5B decoder

• IDLE is detected in the middle of a frame (before “TR” is detected)

Pulse Engineering H1012 Yes Yes

Table 7. Magnetics Modules

Vendor Model/Type 100BASE-TX 10BASE-T
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When any of the above error conditions occurs, the PHY unit immediately asserts its RXER 
indication to the CSMA unit. The RXER indication is held active as long as the receive error 
condition persists on the receive pair.

4.5.4 100BASE-TX Collision Detection

100BASE-TX collisions (half duplex mode only) are detected much the same as they are in 
10BASE-T, by simultaneous transmission and reception.

4.5.5 100BASE-TX Link Integrity and Auto-Negotiation Solution

The Auto-Negotiation function automatically configures the device to the technology, media, 
speed for working with its partner at the other end of the wire. Auto-Negotiation is widely 
discussed in IEEE specification 802.3u, clause 28. The PHY unit supports 10BASE-T, 10BA
FDX, 100BASE-TX, and 100BASE-TX FDX.

The PHY unit has two Physical Media Attachment (PMA) technologies with its link integrity 
function, 10BASE-T and 100BASE-TX.

4.5.5.1 Link Integrity

In 100BASE-TX, the link integrity function is determined by a stable signal status coming from
TP-PMD block. Signal status is asserted when the PMD detects breaking squelch energy an
right BER according to the ANSI specification.

4.5.5.2 Auto-Negotiation

The PHY unit fully supports IEEE802.3u clause 28. The technology (10BASE-T or 100BASE-
will be determined by the Auto-Negotiation result.

Speed and duplex autoselect are functions of Auto-Negotiation. However, these parameters 
manually configured via the MMI.

4.5.6 Auto 10/100 Mbps Speed Selection

The MAC may either allow the PHY unit to automatically select its speed to operation or forc
PHY into 10 Mbps or 100 Mbps mode. The Management Data Interface (MDI) can control th
PHY unit speed mode.

The PHY unit autoselect function determines the operation speed of the media based on the
integrity pulses it receives (Parallel Detection). If no Fast Link Pulses (FLPs) are detected an
Normal Link Pulses (NLPs) are detected, the PHY unit defaults to 10 Mbps operation. If the 
unit detects a speed change, it dynamically changes its TXCLK and RXCLK frequencies to t
appropriate value. This change takes a maximum of five milliseconds.
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4.6 10BASE-T Functionality

4.6.1 10BASE-T Transmit Clock Generation

The 20 MHz and 10 MHz clocks needed for 10BASE-T are synthesized from the external 25
crystal or oscillator. The PHY unit provides the TXCLK and RXCLK to the internal MAC at 2.
MHz.

4.6.2 10BASE-T Transmit Blocks

4.6.2.1 10BASE-T Manchester Encoder

After the 2.5 MHz clocked data TXD[3:0] is serialized in a 10 Mbps serial stream, the 20 MH
clock performs the Manchester encoding. The Manchester code always has a mid-bit transit
the value is “1” then the transition is from low to high. If the value is “0” then the transition is fr
high to low. The boundary transition occurs only when the data changes from bit to bit: if “10” 
the change is from high to low; if “01” then the change is from low to high.

4.6.2.2 10BASE-T Driver and Filter

Since 10BASE-T and 100BASE-TX have different filtration needs, both filters are implemente
inside the chip. This allows the two technologies to share the same magnetics. The PHY uni
supports both technologies through one pair of TD pins and by externally sharing the same 
magnetics.

In 10 Mbps mode, the PHY unit begins transmitting the serial Manchester bit stream within 3
times (300 nanoseconds) after the MAC asserts TXEN. In 10 Mbps mode the line drivers use
distortion algorithm to improve jitter tolerance. The line drivers reduce their drive level during
second half of “wide” (100ns) Manchester pulses and maintain a full drive level during all nar
(50ns) pulses and the first half of the wide pulses. This reduces line overcharging during wid
pulses, a major source of jitter.

4.6.3 10BASE-T Receive Blocks

4.6.3.1 10BASE-T Manchester Decoder

The PHY unit performs Manchester decoding and timing recovery when in 10 Mbps mode. T
Manchester-encoded data stream is decoded from the RD pair to separate Receive Clock an
Receive Data from the differential signal. This data is transferred to the CSMA unit at 2.5 MH
nibble. The high-performance circuitry of the PHY unit exceeds the IEEE 802.3 jitter 
requirements.

4.6.3.2 10BASE-T Twisted Pair Ethernet (TPE) Receive Buffer and Filter

In 10 Mbps mode, data is expected to be received on the RD pair, after passing through isol
transformers. The filter is implemented inside the PHY unit for supporting single magnetics t
are shared with the 100BASE-TX side. The input differential voltage range for the TPE receiv
greater than 585mV and less than 3.1 V. The TPE receive buffer distinguishes valid receive d
link test pulses, and the idle condition, according to the requirements of the 10BASE-T stand

The following line activity is determined to be inactive and is rejected:
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• Differential pulses of peak magnitude less than 300 mV.

• Continuous sinusoids with a differential amplitude less than 6.2 Vpp and frequency less t
MHz.

• Sine waves of a single cycle duration starting with phase 0 or 180 that have a differentia
amplitude less than 6.2 Vpp and a frequency of at least 2 MHz and not more than 16 MH
These single-cycle sine waves are discarded only if they are preceded by 4 bit times (40
nanoseconds) of silence.

All other activity is determined to be either data, link test pulses, Auto-Negotiation fast link pu
or the idle condition. When activity is detected, the CRS signal is asserted to the MAC.

4.6.3.3 10BASE-T Error Detection and Reporting

In 10 Mbps mode, the PHY unit can detect errors in the receive data. The following condition
considered an error:

The receive pair’s voltage level drops to the idle state during reception before end-of-fram
detected (250 nanoseconds without mid-bit transitions).

4.6.4 10BASE-T Collision Detection

Collision detection in 10 Mbps mode is indicated by simultaneous transmission and receptio
the PHY unit detects this condition, it asserts COL.

4.6.5 10BASE-T Link Integrity

The link integrity in 10 Mbps works with link pulses. The PHY unit senses and differentiates t
link pulses from fast link pulses and from 100BASE-TX idles. The 10 Mbps link pulses or nor
link pulses are driven in the transmit differential pair line, but are 100ns wide and have levels
0v to 5v. The link beat pulse is also used to determine if the receive pair polarity is reversed. I
the polarity is corrected internally.

4.6.6 10BASE-T Jabber Control Function

The PHY unit contains a jabber control function that inhibits transmission after a specified tim
window when enabled. In 10-Mbps mode, the jabber timer is set to a value between 26.2 an
ms. If the PHY unit detects continuous transmission for longer than this time, it prevents furt
transmissions from going out in the wire until it detects that the MAC TXEN signal has been 
inactive for at least 314 ms.

4.6.7 10BASE-T Full Duplex

The PHY unit supports 10 Mbps full duplex by disabling the COL function, the SQE test and
CRS transmit function. This allows the PHY unit to transmit and receive simultaneously, achie
up to 20 Mbps of network bandwidth. The configuration can be achieved through Auto-
Negotiation. Note that full duplex should only be used in point to point connections (no share
media).
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4.7 Management Data Interface (MDI) Register Set

Acronyms mentioned in the registers are defined as follows:

SC - Self Cleared.

RO -Read Only.

E - EEPROM setting affects content.

LL - Latch Low.

LH - Latch High.

4.7.1 MDI Registers 0 - 7

4.7.1.1 Register 0: Control Register Bit Definitions 

Bit(s) Name Description Default R/W

15 Reset This bit sets the status and control register of the PHY to 
their default states and is self-clearing. The PHY returns 
a value of one until the reset process has completed and 
accepts a read or write transaction.

1 = PHY Reset

0 RW

SC

14 Loopback This bit enables loopback of transmit data nibbles from 
the TXD[3:0] signals to the receive data path. The PHY 
unit’s receive circuitry is isolated from the network.

Note that this may cause the descrambler to lose 
synchronization and produce 560 nanoseconds of “dead 
time.”

Note also that the loopback configuration bit takes priority 
over the Loopback MDI bit.

1 = Loopback enabled

0 = Loopback disabled (Normal operation)

0 RW

13 Speed Selection This bit controls speed when Auto-Negotiation is disabled 
and is valid on read when Auto-Negotiation is disabled.

1 = 100 Mbps

0 = 10 Mbps

1 RW

12 Auto-Negotiation This bit enables Auto-Negotiation. Bits 13 and 8, Speed 
Selection and Duplex Mode, respectively, are ignored 
when Auto-Negotiation is enabled.

1 = Auto-Negotiation enabled

0 = Auto-Negotiation disabled

1 RW

11 Power Down This bit sets the PHY unit into a low power mode. In low 
power mode, the PHY unit consumes no more than 30 
mA.

1 = Power Down enabled

0 = Power Down disabled (Normal operation)

0 RW

10 Reserved This bit is reserved and should be set to 0b. 0 RW

9 Restart Auto-
Negotiation

This bit restarts the Auto-Negotiation process and is self-
clearing.

1 = Restart Auto-Negotiation process

0 RW

SC
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4.7.1.2 Register 1: Status Register Bit Definitions 

4.7.1.3 Register 2: PHY Identifier Register Bit Definitions 

8 Duplex Mode This bit controls the duplex mode when Auto-Negotiation 
is disabled. If the PHY reports that it is only able to 
operate in one duplex mode, the value of this bit shall 
correspond to the mode which the PHY can operate.

When the PHY is placed in Loopback mode, the behavior 
of the PHY shall not be affected by the status of this bit, 
bit 8.

1 = Full Duplex

0 = Half Duplex

0 RW

7:0 Reserved These bits are reserved and should be set to 00000000b. 0 RW

Bit(s) Name Description Default R/W

15 Reserved This bit is reserved and should be set to 0b. -- RO

E

14 100BASE-TX Full 
Duplex

1 = PHY able to perform full duplex 100BASE-TX -- RO

13 100 Mbps Half 
Duplex

1 = PHY able to perform half duplex 100BASE-TX -- RO

12 10 Mbps Full 
Duplex

1 = PHY able to operate at 10Mbps in full duplex 
mode

-- RO

11 10 Mbps Half 
Duplex

1 = PHY able to operate at 10 Mbps in half duplex 
mode

-- RO

10:7 Reserved These bits are reserved and should be set to 0000b. -- RO

6 Management 
Frames Preamble 
Suppression

0 = PHY will not accept management frames with 
preamble suppressed

-- RO

5 Auto-Negotiation 
Complete

1 = Auto-Negotiation process completed

0 = Auto-Negotiation process has not completed

0 RO

4 Remote Fault 0 = No remote fault condition detected 0 RO

3 Auto-Negotiation 
Ability

1 = PHY is able to perform Auto-Negotiation 1 RO

2 Link Status 1 = Valid link has been established

0 = Invalid link detected

This bit will self-clear on read.

0 RO

SC

LL

1 Jabber Detect 1 = Jabber condition detected

0 = No jabber condition detected

0 RO

LH

0 Extended 
Capability

1 = Extended register capabilities enabled 1 RO

Bit(s) Name Description Default R/W

15:0 Value: HO2A8 -- RO

Bit(s) Name Description Default R/W
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4.7.1.4 Register 3: PHY Identifier Register Bit Definitions 

4.7.1.5 Register 4: Auto-Negotiation Advertisement Register Bit Definitions 

† Refer to the IEEE 802.3u Specification for more information.

4.7.1.6 Register 5: Auto-Negotiation Link Partner Ability Register Bit Definitions 

† Refer to the IEEE 802.3u Specification for more information.

4.7.1.7 Register 6: Auto-Negotiation Expansion Register Bit Definitions 

Bit(s) Name Description Default R/W

15:0 Value: HO150 -- RO

Bit(s) Name Description Default R/W

15 Next Page Constant 0 = Transmitting primary capability data 
page

mr_adv_ability[16]†

-- RO

14 Reserved This bit is reserved and should be set to 0b. -- RO

13 Remote Fault 1 = Indicate link partner’s remote fault

0 = No remote fault

mr_adv_ability[14]†

0 RW

12:5 Technology Ability 
Field

mr_adv_ability[13]† -- RW

4:0 Selector Field mr_adv_ability[5:1]† 00001 RO

Bit(s) Name Description Default R/W

15 Next Page mr_lp_adv_ability[16]† -- RO

14 Acknowledge mr_lp_adv_ability[15]† -- RO

13 Remote Fault mr_lp_adv_ability[14]† -- RO

12:5 Technology Ability 
Field

mr_lp_adv_ability[13:6]† -- RO

4:0 Selector Field mr_lp_adv_ability[5:1]† -- RO

Bit(s) Name Description Default R/W

15-5 Reserved These bits are reserved and should be set to 0b. 0 RO

4 Parallel Detection 
Fault

1 = Fault detected via parallel detection (multiple link 
fault occurred)

0 = No fault detected via parallel detection

This bit will self-clear on read

mr_parallel_detection_fault†

0 RO

SC

LH

3 Link Partner Next 
page Able

1 = Link Partner is Next Page able

0 = Link Partner is not Next Page able

mr_lp_adv_ability[16]†

0 RO
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† Refer to the IEEE 802.3u Specification for more information.

4.7.2 MDI Registers 8 - 15

Register eight through fifteen are reserved for IEEE.

4.7.3 MDI Register 16 - 31

4.7.3.1 Register 16: PHY Unit Status and Control Register Bit Definitions 

2 Next Page Able 1 = Local drive is Next Page able

0 = Local drive is not Next Page able

mr_adv_ability[16]†

0 RO

1 Page Received 1 = New Page received

0 = New Page not received

This bit will self-clear on read.

mr_page_rx†

0 RO

SC

LH

0 Link Partner Auto-
Negotiation Able

1 = Link Partner is Auto-Negotiation able

0 = Link Partner is not Auto-Negotiation able

mr_lp_autoneg_able†

0 RO

Bit(s) Name Description Default R/W

Bit(s) Name Description Default R/W

15 Flow Control This bit sets PHY based flow control (Bay Flow 
Control).

1 = PHY based flow control enabled

0 = PHY based flow control disabled

0 RW

14-13 Reserved This bit is reserved and should be set to 0b. 0 RW

12 Transmit Flow 
Control Disable

This bit enables Transmit Flow Control

1 = Transmit Flow Control enabled

0 = Transmit Flow Control disabled

0 RW

11 Receive De-
Serializer In-Sync 
Indication

This bit indicates status of the 100BASE-TX Receive 
De-Serializer In-Sync.

-- RO

10 100BASE-TX 
Power Down

This bit indicates the power state of 100BASE-TX 
PHY unit.

1 = Power Down

0 = Normal operation

-- RO

9 10BASE-T Power 
Down

This bit indicates the power state of 100BASE-TX 
PHY unit.

1 = Power Down

0 = Normal operation

-- RO

8 Polarity This bit indicates 10BASE-T polarity.

1 = Reverse polarity

0 = Normal polarity

-- RO

7:2 Reserved These bits are reserved and should be set to 0b. -- RO
52   Datasheet



82558
4.7.3.2 Register 17: PHY Unit Special Control Bit Definitions 

1 Speed This bit indicates the Auto-Negotiation result.

1 = 100 Mbps

0 = 10 Mbps

-- RO

0 Duplex Mode This bit indicates the Auto-Negotiation result.

1 = Full Duplex

0 = Half Duplex

-- RO

Bit(s) Name Description Default R/W

15 Scrambler By-
pass

1 = By-pass Scrambler

0 = Normal operations

0 RW

14 By-pass 4B/5B 1 = 4 bit to 5 bit by-pass

0 = Normal operation

0 RW

13 Force Transmit H-
Pattern

1 = Force transmit H-pattern

0 = Normal operation

0 RW

12 Force 34 Transmit 
Pattern

1 = Force 34 transmit pattern

0 = Normal operation

0 RW

11 Good Link 1 = 100BASE-TX link good

0 = Normal operation

0 RW

10 Reserved This bit is reserved and should be set to 0b. 0 RW

9 Transmit Carrier 
Sense Disable

1 = Transmit Carrier Sense disabled

0 = Transmit Carrier Sense enabled

0 RW

8 Disable Dynamic 
Power Down

1 = Dynamic Power Down disabled

0 = Dynamic Power Down enabled (normal)

0 RW

7 Auto-Negotiation 
Loopback

1 = Auto-Negotiation loopback

0 = Auto-Negotiation normal mode

0 RW

6 MDI Tri-State 1 = MDI Tri-state (transmit driver tri-states)

0 = Normal operation

0 RW

5 Filter By-pass 1 = By-pass filter

0 = Normal filter operation

0 RW

4 Auto Polarity 
Disable

1 = Auto Polarity disabled

0 = Normal polarity operation

0 RW

3 Squelch Disable 1 = 10BASE-T squelch test disable

0 = Normal squelch operation

0 RW

2 Extended 
Squelch

1 = 10BASE-T Extended Squelch control enabled

0 = 10BASE-T Extended Squelch control disabled

0 RW

1 Link Integrity 
Disable

1 = Link disabled

0 = Normal Link Integrity operation

0 RW

0 Jabber Function 
Disable

1 = Jabber disabled

0 = Normal Jabber operation

0 RW

Bit(s) Name Description Default R/W
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4.7.3.3 Register 20: 100BASE-TX Receive Disconnect Counter Bit Definitions 

4.7.3.4 Register 21: 100BASE-TX Receive Error Frame Counter Bit Definitions 

4.7.3.5 Register 22: Receive Symbol Error Counter Bit Definitions 

4.7.3.6 Register 23: 100BASE-TX Receive Premature End of Frame Error Counter 
Bit Definitions 

4.7.3.7 Register 24: 10BASE-T Receive End of Frame Error Counter Bit Definitions 

4.7.3.8 Register 25: 10BASE-T Transmit Jabber Detect Counter Bit Definitions 

Bit(s) Name Description Default R/W

15:0 Disconnect Event This field contains a 16-bit counter that increments for 
each disconnect event. The counter freezes when full 
and self-clears on read

-- RO

SC

Bit(s) Name Description Default R/W

15:0 Receive Error 
Frame

This field contains a 16-bit counter that increments 
once per frame for any receive error condition (such 
as a symbol error or premature end of frame) in that 
frame. The counter freezes when full and self-clears 
on read.

-- RO

SC

Bit(s) Name Description Default R/W

15:0 Symbol Error 
Counter

This field contains a 16-bit counter that increments for 
each symbol error. The counter freezes when full and 
self-clears on read.

In a frame with a bad symbol, each sequential six bad 
symbols count as one.

-- RO

SC

Bit(s) Name Description Default R/W

15:0 Premature End of 
Frame

This field contains a 16-bit counter that increments for 
each premature end of frame event. The counter 
freezes when full and self-clears on read.

-- RO

SC

Bit(s) Name Description Default R/W

15:0 End of Frame 
Counter

This is a 16-bit counter that increments for each end 
of frame error event. The counter freezes when full 
and self-clears on read.

-- RO

SC

Bit(s) Name Description Default R/W

15:0 Jabber Detect 
Counter

This is a 16-bit counter that increments for each 
jabber detection event. The counter freezes when full 
and self-clears on read.

-- RO

SC
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4.7.3.9 Register 27: PHY Unit Special Control Bit Definitions 

4.8 Auto-Negotiation Functionality

4.8.1 Overview

The PHY unit supports Auto-Negotiation. Auto-Negotiation is a scheme of auto-configuration
designed to manage interoperability in multi-functional LAN environments. It allows two stati
with “N” different modes of communication to establish a common mode of operation. At pow
up, Auto-Negotiation automatically establishes a link that takes advantage of an Auto-Negot
capable device. An Auto-Negotiation-capable device can detect and automatically configure
port to take maximum advantage of common modes of operation without user intervention or
knowledge by either station. The possible common modes of operation are: 100BASE-TX, 
100BASE-TX Full Duplex, 10BASE-T, and 10BASE-T Full Duplex.

4.8.2 Description

Auto-Negotiation selects the fastest operating mode (Highest Common Denominator) availa
hardware at both ends of the cable. A PHY’s capability is encoded by bursts of link pulses ca
Fast Link Pulses (FLPs). Connection is established by FLP exchange and handshake during
initialization time. Once the link is established by this handshake, the native link pulse schem
resumes (that is, 10BASE-T or 100BASE-TX link pulses). A reset or management renegotia
command (through the MDI interface) will restart the process. To enable Auto-Negotiation, b
of the MDI Control Register must be set. If the PHY unit cannot perform Auto-Negotiation, it 
set this bit to a 0 and determine the speed using Parallel Detection.

The PHY unit supports four technologies: 100BASE-Tx Full and Half Duplex and 10BASE-T 
and Half Duplex. Since only one technology can be used at a time (after every re-negotiate 
command), a prioritization scheme must be used to ensure that the highest common denom
ability is chosen. Table 8 lists the technology ability field bit assignments. Each bit in this table 
set according to what the PHY is capable of supporting. In the case of the PHY unit, bits 0, 1
and 5 are set. Table 9 lists the priority of each of the technologies. Bit 5 is the “Pause” ability. Th
is the frame-based flow control option. 

Bit(s) Name Description Default R/W

15:3 Reserved These bits are reserved and should be set to 0b. 0 RW

2:0 LED Switch 
Control

Value

000

001

010

011

100

101

110

111

ACTLED

Activity

Speed

Speed

Activity

Off

Off

On

On

LILED

Link

Collision

Link

Collision

Off

On

Off

On

000 RW
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To detect the correct technology, the two register fields should be ANDed together to obtain 
Highest Common Denominator. This value should then be used to map into a Priority Resolu
Table used by the MAC driver to use the appropriate technology.

The following is an outline of the Auto-Negotiation process:

1. Receive 3 consecutive, matching code words.

2. Set Acknowledge bit in transmit code word.

3. Receive 3 consecutive, matching code words with Acknowledge bit set.

4. Transmit 6-8 more code words with Acknowledge bit set.

5. Use the priority table to determine operating mode 

6. FLP received from link partner is recorded in MII register.

4.8.3 Parallel Detect and Auto-Negotiation

The PHY unit automatically determines the speed of the link either by using Parallel Detect o
Auto-Negotiation. Upon a RESET, a link status fail, or a Negotiate / Re-negotiate command,
PHY unit inserts a long delay during which no link pulses are transmitted. This period, known
Force_Fail, insures that the PHY unit‘s link partner has gone into a Link Fail state before 
Negotiation or Parallel Detection begins. Thus, both sides (PHY unit and PHY unit’s link part

Table 8. Technology Ability Field Bit Assignments

Bit Setting Technology

0 10BASE-T Half Duplex

1 10BASE-T Full Duplex

2 100BASE-T Half Duplex

3 100BASE-T Full Duplex

4 Reserved

5 Pause (Frame Based Flow Control)

6 Reserved

7 Reserved

Table 9. Technology Priority

Priority Technology

1 100BASE-TX Full Duplex

2 Reserved

3 100BASE-TX Half Duplex

4 10BASE-T Full Duplex

5 10BASE-T Half Duplex
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will perform Auto-Negotiation or Parallel Detection with no data packets being transmitted. 
Connection is then established either by FLP exchange or Parallel Detection. The PHY unit 
look for both FLPs and link integrity pulses. The following diagram illustrates this process. 

4.9 LED Description

The PHY unit supports three LED pins to indicate link status, network activity and network sp

LINK (LINK_N) : This LED is OFF until a valid link has been detected. After a valid link has b
detected, the LED will remain ON (active-low). 

ACTIVITY (ACT_N) : This LED is ON (active-low) when activity is detected on the wire. 

SPEED (SPEED_N): This LED will be ON if a 100BASE-TX link is detected and OFF in case
10BASE-T link is detected. In case link fails while in Auto-Negotiation, this LED will keep the l
valid link state. If 100BASE-TX link is forced this LED will be ON, regardless of the link statu
This LED will be OFF in case 10BASE-T link is forced, regardless of the link status.

See MDI register 27 for LED function mapping support enhancements.

4.10 Power Management

Note: Section 4.10.1 through Section 4.10.6 refer to power management implementations of the 8255
A-step. The 82558 B-step implements power management in a slightly different manner and

Figure 22. Auto-Negotiation and Parallel Detect

Force_Fail

Ability detect either by
parallel detect or auto-

negotiation.

10Base-T or
100Base-TX Link

Ready
FLP capable

LINK PASS

Parallel Detection Auto-Negotiation

Look at Link Pulse;
Auto-Negotiation capable = 0

Auto-Negotiation capable = 1
Ability Match

Auto-Negotiation Complete bit set
 Datasheet 57



82558

p” on 

ket. As 

ddress 

o by 
 

 
ware to 
he PCI 
tting 

fy as a 
heres 

sms

 16 

nce it 
d in the 
). The 

M 

 has 
sertion 
described in Section 4.10.7, “Power Management Feature Enhancements for the 82558 B-ste
page 64.

4.10.1 Wake-up Packet

The 82558 can wake up the system when it receives a frame that qualifies as a wake-up pac
mentioned, this packet can be configured to be one or both of the following:

• Any frame destined to the 82558 such as a frame that matches one of the 82558 active a
filtering mechanisms (unique Individual Address, Broadcast, Multicast, Promiscuous).

• Magic Packet* (see Section 4.10.1.1).

The 82558 notifies the system about the reception of a wake-up packet, if configured to do s
setting the PME_Enable bit in the PMCSR. The 82558 determines which of these two frame
formats to use according to a configuration bit in the 82558 standard Configure command.

If configured to do so, the 82558 notifies the system whenever a qualified wake-up packet is
received regardless of whether the 82558 is in the D1 state or the D0 state. It is up to the soft
ensure that the PME_Enable bit is set only when the 82558 is in the D1 state as required by t
Power Management Specification. The 82558 notifies the system by asserting PME# and se
the PME status bit in the PMCSR and CSR.

4.10.1.1 Magic Packet*

When the 82558 is configured to Magic Packet mode, it requires that a received packet quali
Magic Packet*, after which it generates a wake-up signal. A Magic Packet* is a packet that ad
to the following rules:

1. Has a valid Destination Address that passes one of the 82558 address filtering mechani

2. Has a valid CRC

3. Includes, anywhere in the packet, an uninterrupted sequence of 6 FFh bytes followed by
duplications of the 82558 individual address. 

The 82558 scans for the sequence of 16 repetitions of its IA. If the 82558 detects this seque
asserts a Power Management Event (PME). The event asserts the PME# pin and is reflecte
Power Management Control/Status Register (PMCSR) and the Control/Status Register (CSR
82558 does not pass the Magic Packet to system memory.

4.10.2 Wake on LAN* (WOL) Mode

The 82558 supports a special Wake on LAN (WOL) mode. In this mode, the 82558:

• Automatically enters WOL mode after hardware reset

The 82558 will scan for Magic Packet and assert PME# when it has been detected.

• Can be set into low power mode via a disable/low power pin on the 82558 A-step only

• Changes the functionality of the Activity LED

WOL mode is enabled automatically after the 82558 detects that the WOL bit in the EEPRO
(word Ah, bit 5) has been set. The 82558 continues to read the EEPROM, including the six 
individual address bytes from word addresses 0h through 2h. When the EEPROM read has 
completed, the 82558 begins scanning for a Magic Packet (although no Configure command
been issued). If a Magic Packet is detected, the 82558 asserts PME#. In WOL mode, the as
of PME# is not gated by PCI Power Management registers (PME Enable bit).
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While in WOL mode, the PCI portion of the 82558 is expected to be non-functional. The 
ISOLATE# signal should be asserted if the PCI bus is not valid

For the 82558 A-step, if the WOL bit in the EEPROM is set, the FLD4 pin functions as a low 
power pin. When this pin is asserted (high), it places the PHY and CSMA units in low power m
(D3 state). In order to achieve a full “power down” the ISOLATE# pin should be asserted. Note
this disables the ability to use the Flash interface in WOL mode system.

If the WOL bit is set in the EEPROM, the functionality of the Activity LED is modified. It 
indicates that a received frame passed CSMA/CD address filtering (excluding promiscuous m

4.10.3 Low Power Mode Requirements

The 82558 provides support for system level Low Power Modes. To enable this, the 82558 pr
the following capabilities:

1. The 82558 can monitor the network for a “Wake-up Packet” and notify the system when
a packet arrives.

2. The 82558 A-step can be set in a Power-Off mode in which it consumes only 250 mW.

3. The 82558 has the ability to isolate itself from the PCI bus.

These three capabilities enable the 82558 to adhere to the emerging power management sta
as defined in:

• PCI Bus Power Management Interface Specification, Revision 1.0, January 6, 1997.

• Advanced Configuration and Power Interface Specification (ACPI), Revision 1.0, Decem
22, 1996.

• Device Class Power Management Reference Specification - Network Device Class, Rev
1.0.

These three specifications define how a PCI network device can be controlled in an OS Dire
Power Management (OSPM) environment. The 82558 adheres to these specifications and ta
step further to support bus isolation within the chip when it is in a low power mode. Details o
different power modes are provided in Table 10 “Power States” on page 60.

The 82558 does not transmit any frames during any Low Power Mode, nor does it process a
other Control or Action Commands. When in the D1 through D3 low power modes, the 82558
not pass any received frames to system memory; however, it does maintain the capability to r
frames for wake-up purposes as mentioned in Section 4.10.1, “Wake-up Packet” on page 58.

When in the D1 through D3 low power modes, the 82558 assumes that a stable link is prese

Unless the 82558 is in WOL mode, after reset (power up reset included) the 82558 is fully po
up. The 82558 does not enter low power mode nor filter for wake-up packets until set to do s
software. The 82558 requires that its driver be loaded prior to its being set into any of the low
power modes. The driver needs to perform some initialization functions (such as setting the 
order for the 82558 to operate properly in the low power modes. The exception to this is Wak
LAN (WOL) mode. More details are on Wake on LAN mode are provided in Section 4.10.2, 
“Wake on LAN* (WOL) Mode” on page 58.
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4.10.4 82558 Device Power States

The 82558 supports the following power states: 

4.10.4.1 D0 State - Full Power

The D0 state is the normal operation state of the 82558. In this state the device consumes it
nominal power (<2.5 W) and is capable of transmitting and receiving. The 82558 defaults int
state after any hardware reset, including power-on reset. While in the D0, state the 82558 ex
the PCI clock to be continuously operating at any frequency above 12.5 MHz. If the PCI cloc
stopped or slowed to any frequency lower than 12.5 MHz, the 82558 may not receive or tran
frames properly.

4.10.4.2 D1 to D3 States - Monitor for Wake-up Packet

The D1 state of the 82558 does not differ from the D0 state. However, the intent of this state
have the 82558 operate in the following conditions:

• The driver is not initiating any control or action commands to the 82558. It is recommend
that the RU and CU be in the Idle/Suspended state prior to setting the 82558 to D1. The 
does not guarantee proper transmission or reception of frames in the D1 state.

• The PCI clock can be running at any frequency from 33 MHz down to DC.

• The 82558 may be instructed to monitor for wake-up frames. When such a frame is dete
the 82558 asserts a PME# to the system.

The 82558 consumes no more than 2.5 W of power when operating in the D1 through D3 sta
the above mentioned conditions.

The 82558 can be accessed as a slave in configuration space only, as long as the PCI clock
running. The 82558 does not respond to Memory and I/O accesses to its various address sp

Table 10. Power States

82558 
Device 
States

PCI 
Bus 

States

Function 
Context

Clock 
Frequency Power

Supported 
Actions to 
Function

Supported 
Actions from 

Function

D0 B0 Full function 
context in place

Full speed Full power Any PCI 
transaction

Any PCI 
transaction or 
interrupt

D1 B0 or 
B1

Configuration 
maintained; no 
transmit or 
receive except 
wake-up packets

Stopped to 
full speed

≤ 2.5 W PCI 
configuration 
access

Wake-up event

D2 B0 or 
B1

Configuration 
maintained; no 
transmit or 
receive

Stopped to 
full speed

≤ 250 mW 
if clock 
stopped

PCI 
configuration 
access

D3 B0 or 
B1

Configuration 
lost; initialization 
required upon 
return to D0

Stopped to 
full speed

≤ 250 mW 
if clock 
stopped

PCI 
configuration 
access

D3 B3 All configuration 
lost; power-on 
defaults in place 
on return to D0

No clock No power Power-up reset 
only
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When in the D1 through D3 states, all the 82558 units (PHY, CSMA and Parallel) are operat
and will operate as long as they get a clock. However, the 82558 does not attempt to access 
bus when in the D1 to D3 states and does not generate interrupts, other than the wake-up in

4.10.4.3 D3 State - Power Off State

When the 82558 is instructed to return to the D0 state from the D3 state it initiates an interna
which resets all its internal registers, including PCI configuration registers but excluding the P
Management block. The 82558 requires a full PCI initialization sequence and driver initializa
sequence before it can be properly used.

Note: The D2 and D3 states of the 82558 are practically identical except for the reset when restored
state. The D3 state is required to meet upcoming industry standards. The D2 state is suppo
the 82558 in order to enable stopping of the PCI clock in the system (which is prohibited in th
state although the 82558 can accommodate it) without forcing the system to go through the fu
initialization sequence.

4.10.5 Link Operation

During D1 state, the 82558 maintains an active link. This implies the following.

• PHYTX 10 Mbps mode: The 82558 expects to get normal clock input on the X1 X2 pins. T
82558 expects to receive normal reception on the RDP/RDN pair. The 82558 will not tran
on the TDP/TDN pair. 

• PHYTX 100 Mbps mode: The 82558 expects to get normal clock input on the X1 X2 pins
The 82558 expects to receive normal reception on the RDP/RDN pair. The 82558 transm
continuous Idle stream on the TDP/TDN pair, as required by the 100BASE-TX standard.
82558 does not transmit frames on the link.

• Auto-Negotiation: If the link fails while the 82558 is in the D1 state, it performs the norma
Auto-negotiation protocol in order to re-establish the link. 

In the three “linked” cases, any frame received is processed by the 82558 for valid frame form
and address filtering. No frame is guaranteed to be passed to system memory in the D1 stat
including a frame that qualifies as a wake-up frame.

During D2 and D3 states the 82558 does not maintain an active link.

4.10.6 Power Management Registers

The 82558 has four power management registers:

1. Power Management Capability Pointer - Cap_Ptr.

2. Power Management Capabilities - PMC.

3. Power Management Control/Status - PMCSR.

4. Power Management Driver Register - PMDR.
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4.10.6.1 Power Management Pointer - Cap_Ptr

The Power Management Pointer Register describes the location of the power management 
block. The value of this pointer in the 82558 is DCh as recommended in the PCI Power 
Management Specification.  

The location of the Cap_Ptr is at offset 34h in the PCI configuration space.

If the power management bit is not set in the EEPROM, it forces the value of the Cap_Ptr re
to ‘0’.

4.10.6.2 Capability Identifier - Cap_ID

The Capability Identifier signals that this item in the linked list is the registers defined for PCI 
Power Management. PCI Power Management has been assigned the ID of 01h. The Cap_ID
located in the 82558 PCI configuration space at offset 01h. 

4.10.6.3 Next Item Pointer - Next_Item_Ptr

The Next Item Pointer Register describes the location of the next item in the 82558 capabilit
Since power management is the last item in the list, this register is set to 0. The Next_Item_
located in the 82558 PCI configuration space at offset 00h. 

Table 11. Power Management Pointer - Cap_Ptr

Bits Value Read/Write Description

7:0 DCh Read Only Cap_Ptr . This field provides an offset into the 82558 PCI 
Configuration Space pointing to the location of the Power 
Management Control and Status Registers. A value of ‘0’ means that 
this function does not implement the power management register 
block. The 82558 has this field set to ‘0’ if the PM bit is not set in the 
EEPROM.

Table 12. Capability Identifier - Cap_ID

Bits Value Read/Write Description

7:0 01h Read Only Cap_ID. This field identifies the linked list item as being the PCI 
Power Management Registers. It is set to 01h which is the value that 
has been assigned by the PCI SIG for Power Management capability.

Table 13. Next Item Pointer - Next_Item_Ptr

Bits Value Read/Write Description

7:0 00h Read Only Next Item Pointer . This field provides an offset into the function’s PCI 
Configuration Space pointing to the location of the next item in the 
function’s capability list. This field is set to ‘0’ in the 82558.
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4.10.6.4 Power Management Capabilities - PMC

The Power Management Capabilities register is a 16 bit read-only register which provides 
information on the capabilities of the 82558 related to power management. The Version field
used to tell the software how to interpret the PMC and PMCSR registers. This field is set to 1
82558. The PMC is located in the 82558 PCI configuration space at offset DEh. 

4.10.6.5 Power Management Control and Status Register - PMCSR

This register is used to determine and change the current power state of the 82558 and allow
the control of the power management interrupts in a standard way. The PMCSR is located in
82558 PCI configuration space at offset E0h. 

Table 14. Power Management Capabilities - PMC

Bits Value Read/Write Description

31:27 00011 Read Only PME_Support . This five bit field indicates the power states in which 
the D101 may assert PME#. A value of ‘0’ for any bit indicates that 
the function is not capable of asserting the PME# signal while in that 
power state. The 82558 supports wake-up from the D0 and D1 power 
states.

26 1 Read Only D2_Support . If this bit is set, this function supports the D2 power 
state. All devices must support the D0 and D3 states; however, the 
82558 also supports the D2 state.

25 1 Read Only D1_Support . If this bit is set this function supports the D1 power 
state. All devices must support the D0 and D3 states; however, the 
82558 also supports the D1 power state.

24:22 000 Read Only Reserved . These bits are reserved and should be set to 000b.

21 1 Read Only Device Specific Initialization  (DSI). The DSI bit indicates whether 
special initialization of this function is required (beyond the standard 
PCI configuration header) before the generic class device driver is 
able to use it. DSI is required for the 82558 after the D3-to-D0 reset.

20 0 Read Only Auxiliary Power Source . This bit is only meaningful if the Power 
Management Control and Status Register (PMCSR) bit 31 is ‘1’. 
When this bit is set to ‘1’, it indicates that support for PME# in D3cold 
requires auxiliary power supplied by the system. The 82558 returns a 
‘0’ in bit 31, which makes this bit meaningless.

19 0 Read Only PME Clock . When this bit is a 1, it indicates that the function’s PME# 
generation logic requires its host PCI bus to maintain a free running 
PCI clock. When this bit is a “0” it indicates that no host bus clock is 
required for the function to generate PME#. The 82558 does not 
require a clock to generate PME# so it returns 0.

18:16 001 Read Only Version . A value of 001b indicates that the 82558 complies with the 
Revision 1.0 of the PCI Power Management Interface Specification.

Table 15. Power Management Control and Status Register - PMCSR

Bits Value Read/Write Description

15 0 Read/Clear PME Status . This bit is set upon a wake-up event from the link. It is 
independent of the state of the PME_Enable bit. When software 
writes a ‘1’ to this bit, it is cleared and the 82558 stops asserting 
PME# (if enabled).

14:13 00 Read Only Data Scale . This is not supported at this time and always returns 
00b.

12:9 0000 Read Only Data Select . This is not supported at this time and always returns a 
0000b.
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While wake-up events are not allowed to occur when the function is in the D0 state, the 8255
hardware does not automatically preclude this functionality. To ensure that no wake-up even
generated in the D0 state, the software must clear the PME_Enable bit when putting the 825
that state. To ensure that no spurious wake-up events are generated by the function, the PM
bit must be specifically cleared (by writing a 1) when the PME_Enable bit is set.

4.10.6.6 Power Management Driver Register - PMDR

The 82558 provides an indication in memory and I/O space that a wake-up interrupt has occ
The location of this bit is in the Power Management Driver Register (PMDR), located at offse
in the CSR. 

4.10.7 Power Management Feature Enhancements for the 82558 B-step

Note: This section, Section 4.10.7, contains information applicable only to the 82558 B-step.

Caution: The 82558 B-step implements power management in the same manner as the 82558 A-step
the addition of new features described in this section.

The 82558 B-step notifies the system about a wake-up packet event by asserting the PME# p
is enabled to do so. The PME_Enable bit is located in the Power Management Control/Statu
Register. It is the responsibility of the system to ensure that the PME_Enable bit is set only w
the 82558 is in the D1 or lower states (as required by the PCI Power Management Specifica
Revision 1.0). Following a wake-up event, the PME status bit in the PMCSR and CSR are se
regardless of the PME_Enable bit if the 82558 is in the D0 or D1 power state. In D2 or D3 po
state the 82558 goes into low power mode when PME_Enable is not set and does not set th
up bits on a wake-up event.

8 0 Read Clear PME Enable . This bit enables the 82558 to assert PME#.

7:2 000000 Read Only Reserved . These bits are reserved and should be set to 000000b.

1:0 00 Read/Write Power State . This 2-bit field is used to determine the current power 
state of the 82558 and to set the 82558 into a new power state. The 
definition of the field values is as follows.

00 - D0

01 - D1

10 - D2

11 - D3

Table 15. Power Management Control and Status Register - PMCSR

Bits Value Read/Write Description

Table 16. Power Management Driver Register- PMDR

Bits Value Read/Write Description

31:25 0000000 Read Only Reserved . These bits are reserved and should be set to 0000b.

24 0 Read/Clear PME Status . This bit is set when the 82558 would normally assert 
PME# independent of the state of the PME Enable bit. Writing a ‘1’ to 
this bit will clear it and the PME status bit in the PMCSR. This also 
causes the 82558 to stop asserting PME# (if enabled). Writing a ‘0’ 
has no effect.
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There are two types of wake-up events: reception of a wake up packet and a link status even
detection mechanism of the wake up packets (packet filtering) is further categorized upon fix
packet filtering implemented by hardware and flexible packet filtering implemented by the 
loadable microcode.

4.10.7.1 Wake-up Capabilities

4.10.7.1.1 Wake-up Indication in the Power Management Registers

The 82558 uses two different mechanisms to wake up the system:

• Directed, Multicast, Magic Packet, and VLAN Wake-up

This is implemented in hardware by using the clock driven on the X1 pin.

• Flexible Filtering

This is implemented in loadable microcode, using PCI CLK pin as clock.

The 82558 B-step is able to generate a wake-up event if power is supplied to the device. The
to use loadable microcode for frame filtering requires a valid clock on the PCI CLK pin. For t
feature, the 82558 may be configured so it will not isolate the CLK pin when ISOLATE# is 
asserted.

The following table describes wake-up capabilities in different combinations of power supply
clock: 

Note: If an external clock circuit is implemented and functional in D3, the Clock Isolate Disable bit in
EEPROM should be set to enable CLK propagation to the 82558 B-step core while the ISOL
signal is asserted.

The 82558 B-step samples the LISTAT pin after reset to determine status of the auxiliary pow
this pin is pulled low, the 82558 B-step assumes that auxiliary power will be supplied in the Dcold 
state. Section 4.10.7.1.3, “Auxiliary Power Indication” on page 66 provides more details.

The 82558 B-step cannot determine whether or not an external clock circuit exists. Since all 
implemented in the hardware do not required a clock signal on the CLK pin (pin 35), the exte
clock circuit has no affect on the reporting of wake-up capabilities.

4.10.7.1.2 Low Power Modes

The 82558 B-step wake-up capabilities require all internal blocks to fully active. When the 82
B-step is in the D2 or D3 power states and wake-up is disabled, the internal PHY and CSMA
are set into low power modes. In this mode the 82558 B-step loses the link connection. In th
power state, the PHY and CSMA units are operational.

Table 17. Wake-up Capabilities

Ext Clock 
Circuit

Aux Power 
Present

Directed, Multicast, 
Magic Packet, and 

ARP Wake-up

Flexible Filtering 
Wake-up PME Support in PMC

No No D1, D2, D3hot D1 01111b

No Yes D1, D2, D3hot, D3cold D1 11111b

Yes No D1, D2, D3hot D1, D2, D3hot 01111b

Yes Yes D1, D2, D3hot, D3cold D1, D1, D3hot, D3cold 11111b
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Note that if the 82558 B-step is set into a low power mode (such as D2 or D3) with the 
PME_Enable bit cleared, it will immediately turn off the internal PHY unit. Setting the 
PME_Enable bit while the 82558 B-step is in a low power state will power up the internal PHY
establish link connection. If the wake-up on the Link Status Change feature is enabled in the 
configuration, the 82558 B-Step will wake up the system. To avoid the above scenario, the 
PME_Enable bit should be enabled before the 82558 is set into low power mode.

Note: Information regarding clock isolation in low power states can be obtained in AP-386, “Low Po
Mode Clocking Considerations.”

4.10.7.1.3 Auxiliary Power Indication

The 82558 B-step supports wake up from D3cold if an auxiliary power supply exists in this power 
state. The LISTAT pin (pin 204) is used to indicate the existence of an AUX power supply. If 
pin is 0 after reset, the 82558 B-step will enable wake-up capability from D3. If this bit is 1 or
floating (not connected), the 82558 B-step will assume no auxiliary power exist and wake up
D3 will be disabled.

4.10.7.2 82558 B-step Power Management Configuration Registers

4.10.7.2.1 Power Management Capabilities (PMC) 

Table 18. 82558 B-step Power Management Capabilities - PMC

Bits Value Read/Write Description

31:27 00011
(no 
auxiliary 
power)

11111
(auxiliary 
power)

Read Only PME_Support . This five bit field indicates the power states in which 
the 82558 may assert PME#. A value of 0 for any bit indicates that the 
function is not capable of asserting the PME# signal while in that 
power state. The 82558 B-step supports wake-up from D0, D1, D2, 
and D3hot if no auxiliary power supply is present. The 82558 B-step 
also supports all power states if an auxiliary power supply is present. 
The LISTAT pin (pin 204) is used as an auxiliary power signal (AUX)to 
the 82558 B-step. If it is pulled high, no auxiliary power is present. 
Thus, if it is pulled low, an auxiliary power supply is present.

26 1 Read Only D2_Support . If this bit is set, this function supports the D2 power 
state. All devices must support the D0 and D3 states; however, the 
82558 also supports the D2 state.

25 1 Read Only D1_Support . If this bit is set this function supports the D1 power 
state. All devices must support the D0 and D3 states; however, the 
82558 also supports the D1 power state.

24:22 000 Read Only Reserved . These bits are reserved and should be set to 000b.

21 1 Read Only Device Specific Initialization  (DSI). The DSI bit indicates whether 
special initialization of this function is required (beyond the standard 
PCI configuration header) before the generic class device driver is 
able to use it. DSI is required for the 82558 after the D3-to-D0 reset.

20 0 Read Only Auxiliary Power Source . This bit is only meaningful if the Power 
Management Control and Status Register (PMCSR) bit 31 is ‘1’. 
When this bit is set to ‘1’, it indicates that support for PME# in D3cold 
requires auxiliary power supplied by the system. The 82558 returns a 
‘0’ in bit 31, which makes this bit meaningless.

19 0 Read Only PME Clock . When this bit is a 1, it indicates that the function’s PME# 
generation logic requires its host PCI bus to maintain a free running 
PCI clock. When this bit is a “0” it indicates that no host bus clock is 
required for the function to generate PME#. The 82558 does not 
require a clock to generate PME# so it returns 0.
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Note: The shaded area defines the difference in the 82558 B-step from the 82558 A-step.

4.10.7.2.2 Power Management Control and Status Register (PMCSR) 

Note: The shaded areas define the differences in the 82558 B-step from the 82558 A-step.

4.10.7.3 Power Management Event Context After Reset

The PCI Power Management specification requires that the PME_Status and PME_Enable b
PMCSR will not be cleared by PCI RST# if the function supports wake up from a D3cold state. If 
the 82558 samples LISTAT low after reset, it will assume that an auxiliary power source is us
and wake up from the D3cold state is possible. In this case assertion of RST# will not clear thes
bits.

In order to support WOL mode (preboot wake-up) the 82558 should be able to generate wak
events without any software configuration, including PCI PM configuration. For this purpose 
PME_Enable default value after power-up reset is ‘1', wake-up enabled, and the PME_Statu
default value after power-up reset is ‘0'. Since the OS and BIOS expect unknown values in th

18:16 001 Read Only Version . A value of 001b indicates that the 82558 complies with the 
Revision 1.0 of the PCI Power Management Interface Specification.

Table 18. 82558 B-step Power Management Capabilities - PMC

Bits Value Read/Write Description

Table 19. 82558 B-step Power Management Control and Status 
Register - PMCSR

Bits Value Read/Write Description

15 If no 
auxiliary 
power is 
present, 
this value is 
unknown.

Read/Clear PME Status . This bit is set upon a wake-up event from the link. It is 
independent of the state of the PME_Enable bit. When software 
writes a ‘1’ to this bit, it is cleared and the 82558, if enabled, stops 
asserting PME#.

The LISTAT pin can be used to determine if auxiliary power is present 
or not.

14:13 00 Read Only Data Scale . This is not supported at this time and always returns 
00b.

12:9 0000 Read Only Data Select . This is not supported at this time and always returns a 
0000b.

8 If no 
auxiliary 
power is 
present, 
this value is 
unknown.

Read/Clear PME Enable . This bit enables the 82558 to assert PME#.

The LISTAT pin can be used to determine if auxiliary power is present 
or not.

7:2 000000 Read Only Reserved . These bits are reserved and should be set to 000000b.

1:0 00 Read/Write Power State . This 2-bit field is used to determine the current power 
state of the 82558 and to set the 82558 into a new power state. The 
definition of the field values is as follows.

00 - D0

01 - D1

10 - D2

11 - D3
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bits after power-up, they will clear both bits using the PCI configuration command. If WOL m
is enabled, the 82558 B-step will wake up the system upon detection of a Magic Packet afte
power-up without the need for software interaction.

If wake-up from D3cold is not supported, both the PME_Enable and PME_Status bits should b
inactive, 0b, after reset. In order to enable WOL functionality in this case, the PME_Enable b
ignored if the WOL mode is enabled and the auxiliary power indication is not active.

The table below summarizes PME_Enable and PME_Status bits default values and properti
various configurations: 

PME_Enable and PME_Status are set to their default values after a power-up reset. The ALT
is used as a power-up reset signal and should be connected to the auxiliary-power-valid sign
ensure an active low on system power-up. Assertion of ALTRST# clears the PME_Status bit
sets the PME_Enable bit.

If the system does not support auxiliary power and the WOL bit in EEPROM is set, the 
PME_Enable bit is ignored by the 82558 B-step. In this case PME_Enable and PME_Status
both cleared to '0' by the PCI RST# signal, as required by the PCI Power Management 
specification. Note that in this configuration (WOL bit set without auxiliary power) the PME 
enable bit is always ignored regardless of the wake-up event type.

4.10.7.4 Fixed Packet Filtering

Fixed packet filtering includes the wake-up capabilities implemented in the hardware with a 
predefined fixed pattern. The fixed patterns include: Address Match (Directed and Multicast)
Magic Packets*, and Address Resolution Protocol (ARP) Packets. The 82558 B-step will filte
incoming frames, monitoring for one of the packet types mentioned previously, regardless of w
power state it is in. Each fixed filter can be enabled using the 82558 B-step Configuration 
command. When the PME_Enable bit is enabled the 82558 B-step will assert the PME# sign
frames that have been filtered through and that contains correct value in its CRC field. This filt
mechanism is active whenever power is supplied to the device with or without an active clock
the PCI bus.

Regardless of the PME configuration, packets that pass through address filtering are transfe
the internal Micromachine. The Micromachine may store and analyze the packet if the follow
conditions are met:

• The loadable microcode to analyze and store the packet in the Micromachine resources
active.

• The clock signal is active on PCI CLK pin.

• The external clock switching circuit used during the B2 and B3 PCI bus states is present

Table 20. PME Enable and PME Status Bits Properties

Aux Power 
(indicated 
by LISTAT)

WOL Bit 
(EEPROM)

PME Enable 
(default)

PME Status 
(default)

RST# clears 
bits?

PME Enable by-
passed upon wake-

up event?

No 0 0 0 Yes No

No 1 0 0 Yes Yes

Yes X 1 0 No No
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4.10.7.4.1 Address Matching

The 82558 B-step may be configured to wake up the system on any packet that passes the 
Individual Address filtering or the Multicast Address filtering. The wake-up enable status is 
defined by the IA Match Wake Enable bit and Multicast Match Wake Enable bit in the 
configuration structure. The following modifications for the 82558 B-step in relation to the add
matching filters:

• Address match wake-up depends on two configuration bits:

— IA Match Wake Enable: Byte 19, bit 0 in the configuration command.

— Multicast Match Wake enable: Byte 9, bit 7 in the configuration command.

• Broadcast address match in the 82558 B-step will not wake up a system (except for ARP
flexible filtering frames).

4.10.7.4.2 Address Resolution Protocol (ARP)

Address Resolution Protocol (ARP) is used for MAC address resolution of a machine. This 
protocol generally precedes any Internet Protocol (IP) transaction. The 82558 B-step can wa
the system when an ARP frame is received if it is configured to do so by the ARP_Wake_En
the configuration command. In order for ARP filtering to function, the Broadcast Disable bit (
15, bit 1) should be set to zero (broadcast enabled).

The 82558 B-step can handle Virtual LAN (VLAN) headers if it is configured to do so by the 
VLAN_ARP bit in the configuration command (byte 9, bit 4).

Fixed packet filtering does not have the ability to support multiple IP addresses; however, fle
filtering does.

4.10.7.5 Flexible Packet Filtering

Programmable packet filtering is targeted to support wake-up packets that are not supported
hardware filters. Known wake-up packets include the following.

Wake-up packets supported by the 82558 B-step hardware filters are:
 ARP packets (Ethernet II packet with single IP address filtering)

• Directed packet

• Multicast address packet

• Magic Packet

• Link event

Wake-up packets that are not supported by the 82558 B-step filters are:

• Directed IP packet

• NetBIOS queries

• 802.2 ARP packets

• Multiple IP address recognition

Flexible Packet Filtering is supported via loadable microcode. The microcode should be 
programmed by the driver before the 82558 B-step is set into low power mode. Thus, Flexibl
Packet Filtering is beyond the scope of this document. More details on the 82558's Flexible P
Filtering capabilities can be found in the 82558 Software Developer's Manual.
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4.10.7.6 Link Status Event

Link disconnect and connect should be treated as link status events and generate a PME# s
the PME_Enable bit is enabled. The Link Status Wake Enable bit was added to the configura
command and if set, the 82558 B-step will generate a PME whenever it detects a link disconn
link connect. The 82558 B-step does not differentiate between a wake event from the link sta
any other wake event. Also, no frame storage is associated with it.
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5.0 Software Interface

5.1 The Shared Memory Communication Architecture

The 82558 establishes a shared memory communication system with the host CPU. This sh
memory is divided into three parts: the Control/Status Registers (CSR), the Command Block
(CBL), and the Receive Frame Area (RFA). The CSR resides on-chip and can be accessed b
I/O or memory cycles, while the rest of the 82558 memory structures reside in system (host)
memory. The first 8 bytes of the CSR is called the System Control Block (SCB). The SCB ser
a central communication point for exchanging control and status information between the ho
CPU and the 82558. 

The host software controls the state of the 82558 Command Unit (CU) and Receive Unit (RU
(Active, Suspended or Idle) by writing commands to the SCB. The 82558 posts the status of t
and RU in the SCB Status word and indicates status changes with an interrupt. The SCB als
pointers to a linked list of action commands called the CBL and a linked list of receive resour
called the RFA. Figure 23 shows this type of structure. 

The CBL consists of a linked list of individual action commands in structures called Comman
Blocks (CBs). The CBs contain command parameters and status of the action commands. A
commands are categorized as follows:

• Non-Transmit Commands: This category includes commands such as NOP, Configure, I
Setup, Multicast Setup, Dump and Diagnose.

• Transmit Command: This includes Transmit Command Blocks (TxCB).

Figure 23. 82558 Shared Memory Structure

Command Block
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Rx Data Buffer

Command Block List (System Memory)
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Block (SCB)
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Frame DescriptorFrame Descriptor
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Transmit commands can be programmed in Simplified or Flexible memory modes. In the 
Simplified memory model, the TxCB contains the full transmit frame, immediately following t
header information. In the Flexible memory model, each TxCB can be associated with a list o
more Transmit Buffer Descriptors (TBD). Each TBD points to a data buffer fragment. All the 
fragments associated with a TxCB (including data in the optional data area of the TxCB) com
the full transmit frame.

The RFA consists of a list of Receive Frame Descriptors (RFD) and a list of user-prepared or
provided buffers. Two memory models are supported. In the Simplified memory model, the d
buffer immediately follows the RFD. In the Flexible memory model, each RFD can be associ
with an array of zero or more Receive Buffer Descriptors (RBD). Each RBD points to a data b
fragment. The 82558 RU fills the buffers when it receives frames and updates the status in th
(and RBDs if applicable). 

The 82558 also provides read/write access to external EEPROM, Flash memory and MDI 
(Management Data Interface) registers. This is achieved through the EEPROM Control Regi
Flash Control Register, and the MDI Control Register respectively. These three registers ma
the last eight bytes (0Ch - 14h) of the CSR.

5.2 Initializing the 82558

A power-on or software reset prepares the 82558 for normal operation. Because the PCI 
specification already provides for auto-configuration of many critical parameters such as I/O
memory mapping and interrupt assignment, the 82558 is set to an operational default state a
reset. However, the 82558 cannot transmit or receive frames until a Configure command is is
Table 21 lists the different reset options. 

† Software reset will be used throughout this manual to indicate a complete reset using the PORT reset 
command.

5.3 Controlling the 82558

The CPU issues control commands to the Command Unit (CU) and Receive Unit (RU) throug
SCB, which is part of the CSR (described below). The CPU instructs the 82558 to Activate, 
Suspend, Resume or Idle the CU or RU by placing the appropriate control command in the C
RU control field. A CPU write access to the SCB causes the 82558 to read the SCB, includin
Status word, Command word, CU and RU Control fields, and the SCB General Pointer. Activ
the CU causes the 82558 to begin executing the CBL. When execution is completed the 825

Table 21. Summary of Reset Commands

Reset Operation Effect on 82558

Hardware Reset A Hardware Reset will reset all internal registers. A full 
initialization sequence is needed to make the 82558 operational.

Software Reset† (issues as 
PORT Reset)

Resets all internal registers except the PCI configuration 
registers. A full initialization sequence is needed to make the 
82558 operational.

Selective Reset (issues as 
PORT Selective Reset)

Maintains configuration information. All other setup information 
is lost.

Self Test (issued as PORT 
Self Test) or PORT Dump

Resets all internal registers. A Selective Reset is issued 
internally before the command is executed. A Software Reset is 
issued internally after the command is completed. A full 
initialization sequence is needed to make the 82558 operational.
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updates the SCB with the CU status then interrupts the CPU, if configured to do so. Activatin
RU causes the 82558 to access the RFA and go into the READY state for frame reception. W
frame is received the RU updates the SCB with the RU status and interrupts the CPU. It also
automatically advances to the next free RFD in the RFA. This interaction between the CPU a
82558 can continue until a software reset is issued to the 82558, at which point the initializat
process must be executed again. The CPU can also perform certain 82558 functions directly
through a CPU PORT interface.

5.3.1 The 82558 Control and Status Register

The 82558 has eight Control/Status registers which make up the CSR space. These are the
Command word, SCB Status word, SCB General Pointer, PORT interface, EEPROM Contro
register, Flash Control register, MDI Control register, and the Early Receive Interrupt Byte Co
register. The CSR space is six Dwords in length and is shown in Figure 24. The 82558 CSR can be
accessed as either an I/O mapped or memory mapped PCI slave. 

SCB Command word: The CPU places commands for the CU and RU and acknowledg
interrupts in this register.

SCB Status word: The 82558 places the status of its CU and RU (and interrupt 
indications in this register) for the CPU to read.

SCB General Pointer: This points to various data structures in main memory depending
the current SCB Command word.

PORT Interface: This special interface allows the CPU to reset the 82558, force 
82558 to dump information to main memory, or perform an intern
Self-Test.

EEPROM Control Register: This register allows the CPU to read and write to an external 
EEPROM.

Flash Control Register: This register allows the CPU to enable writes to an external Flas

MDI Control Register: This register allows the CPU to read and write information from 
Physical Layer components via the Management Data Interface

Early Receive Int Count: This register allows the CPU to read the current value in the RX
DMA byte count register. The RX DMA byte count register is a 
counter that keeps track of how many bytes of receive data have
been passed into host memory via DMA.

D31       Upper Word       D16 D15       Lower Word       D0 Offset

SCB Command Word SCB Status Word Base + 0h

SCB General Pointer Base + 4h

PORT Base + 8h

EEPROM Control Register Flash Control Register Base + Ch

MDI Control Register Base + 10h

Receive DMA Byte Count Base + 14h

PMDR FC Xon/Xoff FC Threshold Early Receive Int Base + 18h

Figure 24. 82558 Control and Status Register
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FC Threshold: The 82558 can generate a Flow Control Pause frame when it’s R
FIFO is almost full. This register determines the number of byte
left in the RCV FIFO when the Pause frame is generated. The tr
off is between a higher degree of losslessness (high value of FC
FIFO TH) or high performance (low value of FC FIFO TH).

FC Xon/Xoff: The Xon and Xoff bits should only be used with frame based flo
control and not with Bay flow control. This register also contains
information regarding the 82558’s Flow Control state.

PMDR: The register provides an indication in memory and I/O space tha
wake-up interrupt has occurred.

5.3.1.1 Statistical Counters

The 82558 provides information for network management statistics by providing on-chip stati
counters that count a variety of events associated with both transmit and receive. The count
updated by the 82558 when it completes the processing of a frame (that is, when it has com
transmitting a frame on the link or when it completed receiving a frame). The Statistical Coun
are reported to the software on demand by issuing the Dump Statistical Counters command or 
Dump and Reset Statistical Counters command in the SCB Command Unit Command (CUC) fiel

Table 22. 82558 Statistical Counters

ID Counter Description

0 Transmit Good Frames This counter contains the number of frames that were 
transmitted properly on the link. It is updated only after the 
actual transmission on the link is completed, and not when the 
frame was read from memory as is done for the TxCB status.

4 Transmit Maximum Collisions 
(MAXCOL) Errors

This counter contains the number of frames that were not 
transmitted since they encountered the configured maximum 
number of collisions.

8 Transmit Late Collisions (LATECOL) 
Errors

This counter contains the number of frames that were not 
transmitted since they encountered a collision later than the 
configured slot time.

12 Transmit Underrun Errors A DMA underrun occurred because the system bus did not 
keep up with the transmission. This counter contains the 
number of frames that were either not transmitted or 
retransmitted due to a transmit DMA underrun. If the 82558 is 
configured to retransmit on underrun, this counter may be 
updated multiple times for a single frame.

16 Transmit Lost Carrier Sense (CRS) Transmission was not successful due to lost Carrier Sense. 
This counter contains the number of frames that were 
transmitted by the 82558 despite the fact that it detected the 
de-assertion of CRS during the transmission.

20 Transmit Deferred During the transmission attempt the 82558 had to defer to 
traffic on the link. This counter contains the number of frames 
that were deferred before transmission due to activity on the 
link.

24 Transmit Single Collisions This counter contains the number of transmitted frames that 
encountered one collision.

28 Transmit Multiple Collisions This counter contains the number of transmitted frames that 
encountered more than one collision.

32 Transmit Total Collisions This counter contains the total number of collisions that were 
encountered while attempting to transmit. This count includes 
late collisions and frames that encountered MAXCOL.
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The Statistical Counters are initially set to zero by the 82558 after reset. They cannot be pre
anything other than zero. The 82558 increments the counters by internally reading them, 
incrementing them and writing them back. This process is invisible to the CPU and PCI bus.
addition, the counters adhere to the following rules:

• The counters are wraparound counters. After reaching FFFFFFFFh the counters wrap a
to 0.

• The 82558 updates the required counters for each frame. It is possible for more than on
counter to be updated as multiple errors can occur in a single frame.

36 Receive Good Frames This counter contains the number of frames that were 
received properly from the link. It is updated only after the 
actual reception from the link is completed and all the data 
bytes are stored in memory.

40 Receive CRC Errors This counter contains the number of aligned frames discarded 
because of a CRC error. This counter is updated, if needed, 
regardless of the RU state. If the RX_ER pin is asserted 
during a receive frame, the CRCERRS counter will increment 
(only once per receive frame). The CRCERRS counter is 
mutually exclusive to the ALNERRS and SHRTFRM counters.

44 Receive Alignment Errors This counter contains the number of frames that are both 
misaligned (for example, CRS de-asserts on a non-octal 
boundary) and contain a CRC error. The counter is updated, if 
needed, regardless of the RU state. The ALNERRS counter is 
mutually exclusive to the CRCERRS and SHRTFRM counters.

48 Receive Resource Errors This counter contains the number of good frames discarded 
because there were no resources available. Frames intended 
for a host whose RU is in the No Resources state fall into this 
category. If the 82558 is configured to Save Bad Frames and 
the status of the received frame indicates that it is a bad 
frame, the RSCERRS counter is not updated.

52 Receive Overrun Errors This counter contains the number of frames known to be lost 
because the local system bus was not available. If the traffic 
problem persists for more than one frame, the frames that 
follow the first are also lost; however, because there is no lost 
frame indicator, they are not counted.

56 Receive Collision Detect (CDT) This counter contains the number of frames that encountered 
collisions during frame reception.

60 Receive short Frame Errors This counter contains the number of received frames that are 
shorter than the minimum frame length. The SHRTFRM 
counter is mutually exclusive to the ALNERRS and CRCERRS 
counters and has a higher priority (that is, a short frame will 
always increment only the SHRTFRM counter).

64 Flow Control Transmit Pause This counter contains the number of Flow Control frames 
transmitted by the 82558. This count includes both the XOFF 
frames transmitted and XON (PAUSE(0)) frames transmitted.

68 Flow control Receive Pause This counter contains the number of Flow Control frames 
received by the 82558. This count includes both the XOFF 
frames received and XON (PAUSE(0)) frames received.

72 Flow control Receive Unsupported This counter contains the number of MAC Control frames 
received by the 82558 that are not Flow Control Pause frames. 
These frames are valid MAC control frames that have the 
predefined MAC control Type value and a valid address but 
has an unsupported opcode.

76 Dump Counters Completion Status

Table 22. 82558 Statistical Counters

ID Counter Description
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• The counters are 32-bits wide and their behavior is fully compatible with the IEEE 802.1
standard. The 82558 supports all mandatory and recommend statistics functions throug
status of the receive header and directly through these Statistical Counters.

The CPU can access the counters by issuing a Dump Statistical Counters SCB command. T
provides a “snapshot”, in main memory, of the internal 82558 statistical counters. The dump 
consist of the first 16 counters only or all 19 counters, depending on the “Extended Statistica
Counters” configuration bit. The CPU should use the following sequence to maintain its own
statistics:

1. Allocate a memory location of 68 bytes in host memory. If the “Extended Statistical Coun
configuration bit is set, 80 bytes should be allocated. This memory space should be Dwo
aligned. 

2. Load the absolute address of this location into the 82558 via the Load Dump Counters A
command.

3. Write zeros to the last Dword in this area.

4. Write the Dump Statistical Counters or Dump and Reset Statistical Counters command 
the CUC field in the SCB. 

5. Wait for the 82558 to dump the content of the Statistical Counters into the allocated mem
area. The dump will be followed by the 82558 writing a completion status into the last Dword
in this area. The CPU should check this Dword before processing the counters. A value 
A005h indicates the Dump Statistical Counters command has completed. A value of A007h 
indicates the Dump and Reset Statistical Counters command has completed.

6. There will be no interrupt from the 82558 after the completion of this operation, nor will th
be any change in the CUS or RUS status fields as a result.

The Extended Statistical Counters configuration bit can be found in the Configure command
bit determines the number of statistical counters that are dumped by the 82558 when the Dump 
Statistical Counters or Dump and Reset Statistical Counters command is issued. If the bit is set to 1
the 82558 dumps 16 counters into 68 bytes of memory. If the bit is clear, the 82558 dumps t
19 counters into 80 bytes of memory. The default value of this bit is 1 (Standard Statistical 
Counters).
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6.0 Electrical Specifications and Timings

6.1 Absolute Maximum Ratings

Maximum ratings are listed below:

Case Temperature Under Bias ..............................................................................  0oC to +85oC

Storage Temperature ........................................................................................-65oC to + 140oC

All Outputs and Supply Voltages ..........................................................................  -0.5V to

Transmit Data Output Voltage ..............................................................................  -0.5V to

All Input Voltages .................................................................................................  -1.0V to6V

Stresses above those listed here may cause permanent damage to the device. This is a stre
only and functional operation of the device at these or any other conditions above those indica
the operational sections of this specification is not implied. Exposure to absolute maximum r
conditions for extended periods may affect device reliability.

6.2 DC Specifications

The table below describes the minimum and maximum voltage and power supply of the 825

The table below shows parameters for the PCI interface.  

Table 23. General DC Specifications

Symbol Parameter Min Max Units Notes

Vcc Supply Voltage 4.75 5.25 V

Icc Power Supply 470 mA

Table 24. PCI Interface DC Specifications

(O C < Tc < 85 C, Vcc = 5 V + 5%)

Symbol Parameter Min Max Units Notes

Vihp Input High Voltage 2.0 Vcc + 
0.5 V

Vilp Input Low Voltage -0.5 0.8 V

Iihp Input High Leakage Current 70 µA
Vin = 2.7 V

Note 1.

Iilp Input Low Leakage Current -70 µA
Vin = 0.5 V

Note 1.

Vohp Output High Voltage 2.4 V Iout = -2 mA

Volp Output Low Voltage 0.55 V
Iout = 3 mA, 6, mA

Note 2.

Cinp Input Pin Capacitance 10 pF Note 3.

Cclkp CLK Pin Capacitance 5 12 pF Note 3.

Cidsel IDSEL Pin Capacitance 8 pF Note 3.
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NOTES:

1. Input leakage currents include high resistance output leakage for all bi-directional buffers with tri-state 
outputs.

2. Signals without pull-up resistors have 3 mA low output current. Signals requiring pull-ups have 6 mA low 
output current. The latter include FRAME#, TRDY#, IRDY#, DEVSEL#, STOP#, SERR#, and PERR#.

3. Characterized, not tested.

Note that the above table also includes minimum and maximum values for capacitance and 
inductance.

The table below shows the DC specifications for the Media Independent Interface (MII). 

NOTES:

1. Characterized, note tested.

The table below shows the Flash/EEPROM interface specifications. 

NOTES:

1. Characterized, note tested.

Note from the above table that the maximum input high voltage parameter is VCC + 0.5V, where 
VCC is the supply voltage 4.75V < VCC < 5.25V.

Lpinp Pin Inductance 15 nH Note 3.

Table 24. PCI Interface DC Specifications

(O C < Tc < 85 C, Vcc = 5 V + 5%)

Symbol Parameter Min Max Units Notes

Table 25. PCI Interface DC Specifications

Symbol Parameter Min Max Units Notes

Vihm Input High Voltage 2.0 Vcc + 
0.5 V

Vilm Input Low Voltage -0.5 0.8 V

Iilm Input Low Leakage Current ±20 µA 0 < Vin < Vcc

Vohm Output High Voltage 2.4 V Iout = -4 mA

Volm Output Low Voltage 0.4 V Iout = 4 mA

Cinm Input Pin Capacitance 8 pF Note 1.

Table 26. Flash/EEPROM Interface DC Specifications

Symbol Parameter Min Max Units Notes

Vihl Input High Voltage 2.0 Vcc + 
0.5 V

Vill Input Low Voltage -0.5 0.8 V

Iill Input Low Leakage Current ±20 µA 0 < Vin < Vcc

Vohl Output High Voltage 2.4 V Iout = -1 mA

Voll Output Low Voltage 0.4 V Iout = 6 mA

Cinl Input Pin Capacitance 10 pF Note 1.
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The table below shows the minimum and maximum voltage and current characteristics for 
100BASE-TX. 

NOTES:

1. Transmitter current is measured with a 1:1 transformer on center tap.

Note the current is measured on all Vcc pins, where Vcc = 5.25V.

The table below shows the minimum and maximum voltage and current characteristics for 
10BASE-T. 

NOTES:

1. Transmitter current is measured with a 1:1 transformer on center tap.

Note the current is measured on all Vcc pins, where Vcc = 5.25V. The above table also show
the typical value for the transmitter current is 110 mA.

Table 27. 100BASE-TX Voltage/Current Characteristics

Symbol Parameter Min Max Units Notes

Rid100 Input Differential Resistance 10 KΩ DC

Vida100
Input Differential Accept Peak 

Voltage ±500 mV

Vidr100
Input Differential Reject Peak 

Voltage ±100 mV

Vicm100 Input Common Mode Voltage V Typical = Vcc/2

Vod100 Output Differential Peak Voltage 0.95 1.05 V Typical = 1.00 V

Icct100 Line Driver Supply mA
Typical = 40 mA

Note 1.

Table 28. 10BASE-T Voltage/Current Characteristics

Symbol Parameter Min Max Units Notes

Rid10 Input Differential Resistance 10 KΩ DC

Vida10
Input Differential Accept Peak 

Voltage ±585 +3100 mV 5 MHz ≤ f ≤ 10 MHz

Vidr10
Input Differential Reject Peak 

Voltage ±150 mV 0 < Vin < Vcc

Vicm10 Input Common Mode Voltage V Typical = Vcc/2

Vod10 Output Differential Peak Voltage 2.2 2.8 V Iout = 6 mA

Icct10 Line Driver Supply mA
Typical = 110 mA

Note 1.
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6.3 AC Specifications

6.3.1 PCI Interface

Table 29 below shows the specifications for PCI signaling. 

NOTES:

1. Specifications are not relevant to PME#, SERR#, or INTA#, which are open drain outputs.

2. Minimum current requirements for Ioh(AC) and Icl are defined by equations A and B
Equation A: Ioh = -44 + (Vout - 1.4)/0.024 for Vcc > Vout > 3.1V
Equation B: Icl = -25 + (Vin + 1)/0.015 for 0V < Vout < 0.71V

3. Maximum current requirements will be met as drivers pull beyond the first step voltage (AC drive point). 
Equations C and D below define these maximums. In order to facilitate component testing, a maximum 
current test point is defined for each side of the output driver.

Equation A: Ioh = 11.9 * (Vout - 5.25) * (Vout + 2.45) for Vcc > Vout > 3.1V
Equation B: Iol = 78.5 * Vout * (4.4 - Vout) for 0V < Vout < 0.71V

Table 29. PCI Signaling AC Specifications

(0 C < Tc < 85 C, Vcc = 5V + 5%)

Symbol Parameter Condition Min Max Units Notes

Ioh(AC) Switching 0 < Vout ≤ 1.4 -44 mA Note 1

Current High 1.4 < Vout < 2.4 Eqn A Eqn C mA Notes 1, 
2, and 3

(Test Point) Vout = 3.1 -142 mA Note 3

Iol(AC) Switching Vout ≥ 2.2 95 mA Note 1

Current Low 2.2 Vout > 0.55 Vout/0.023 Eqn D mA Notes 1 
and 3

(Test Point) Vout = 0.71 206 mA Note 3

Icl
Low Clamp 

Current -5 < Vin ≤ -1 Eqn B mA Note 2

tr
Unloaded Output 

Rise Time 0.4V to 2.4V 1 5 V/ns

tf
Unloaded Output 

Fall Time 2.4V to 0.4V 1 5 V/ns
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6.4 Timing Specification

6.4.1 Clock Specifications

6.4.1.1 PCI Clock

The 82558 uses the PCI clock. The figure below illustrates the clock waveform and required
measurement points for the PCI clock signal. 

The table below summarizes the PCI clock specifications. 

NOTES:

1. The 82558 will work with any PCI clock frequency up to 33 MHz.

2. Rise and fall times are specified in terms of the edge rate measured in V/ns. This slew rate is met across the 
minimum peak-to-peak portion of the clock waveform as shown in Table 25 “PCI Clock Waveform” on 
page 81.

6.4.1.2 X1 Specifications

X1 serves as signal input from an external crystal or oscillator. Table 31 below defines the 82558 
requirements from this signal. 

Figure 25. PCI Clock Waveform

2.4V

2.0V

1.5V

0.8V

0.4V

2V p-to-p
(minimum)

T_high T_low

T_cyc

Table 30. PCI Clock Specifications

Symbol Parameter Min Max Units Notes

T1 tcyc CLK Cycle Time 30 ns Note 1

T2 thigh CLK High Time 11 ns

T3 tlow CLK Low Time 11 ns

T4 -- CLK Slew Rate 1 4 V/ns Note 2

Table 31. X1 Signal Requirements

Symbol Parameter Min Max Units Notes

T8 TX1_dc X1 Duty Cycle 40 60 %

T9 TX1_per X1 Period ns
Typical = 40

±50 ppm
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6.4.2 Timing Parameters

6.4.2.1 PCI Timings

The table below provides the timing parameters for PCI signaling environments. 

NOTES:

1. Minimum times are specified with 0 pF equivalent load; and maximum times, with 50 pF equivalent load. 
Actual test capacitance may vary, but results are correlated to these specifications.

2. REQ# and GNT# are point-to-point signals and have different output valid delay and input setup times than 
do bussed signals. All other signals are bussed.

3. RST# is asserted and de-asserted asynchronously with respect to CLK. 

4. All PCI interface output drivers are floated when RST# is active.

6.4.2.2 Flash Timings

The 82558 is designed to support Flash of up to 150 ns access time. The Vpp signal in Flas
implementation should be connected permanently to 12 V. Thus, writing to the Flash is contr
only by the FLWE# signal.

The table below provides the timing parameters for Flash interface signals. 

Table 32. PCI Timing Parameters

Symbol Parameter Min Max Units Notes

T14 Tval
CLK to Signal Valid Delay 

(bussed signals) 2 11 ns Notes 1 and 
2

T15 tval(ptp) CLK to Signal Valid Delay 
(point to point) 2 12 ns Notes 1 and 

2

T16 Ton Float to Active Delay 2 ns

T17 Toff Active Float Delay 1 28 ns

T18 Tsu
Input Setup Time to CLK 

(bussed signals) 7 ns Note 2

T19 Tsu(ptp) Input Setup Time to CLK 
(point to point) 10 ns Note 2

T20 Th Input Hold Time from CLK 0 ns

T21 trst
Reset Active Time After 

Power Stable 1 ms Note 3

T22 trst-clk
Reset Active Time After CLK 

Stable 100 µs Note 3

T23 trst-off
Reset Active to Output Float 

Delay 40 ns Notes 3 and 
4

Table 33. Flash Interface Timing Parameters

Symbol Parameter Min Max Units Notes

T35 tflrwc Read/Write Cycle Time 150 ns
Note 1; 
Flash tAVAV 
= 150 ns

T36 tflacc
FLADDR to Read FLD Setup 

Time 150 ns
Note 1; 
Flash tAVQV 
= 150 ns
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NOTES:

1. These timing specifications apply to Flash read cycles. The flash timings referenced are 28F020-150 timings.

2. These timing specifications apply to Flash write cycles. The flash timings referenced are 28F020-150 timings.

3. These timing specifications apply to all Flash cycles. The latch timings referenced are ‘373 timings.

T37 tflce
FLCS# to Read FLD Setup 

Time 150 ns
Note 1; 
Flash tELQV 
= 150 ns

T38 tfloe
FLOE# Active to Read FLD 

Setup Time 120 ns
Note 1; 
Flash tGLQV 
= 55 ns

T39 tfldf
FLOE# Inactive to FLD 

Driven Delay Time 50 ns
Note 1; 
Flash tGHQZ 
= 35 ns

T40 tflas
FLADDR Setup Time before 

FLWE# 5 ns
Note 2; 
Flash tAVWL 
= 0 ns

T41 tflah
FLADDR Hold Time after 

FLWE# 200 ns
Note 2; 
Flash tWLAX 
= 60 ns

T42 tflcs
FLCS# Setup Time before 

FLWE# 45 ns
Note 2; 
Flash tELWL 
= 20 ns

T43 tflch
FLCS# Hold Time after 

FLWE# 45 ns
Note 2; 
Flash tWHEH 
= 0 ns

T44 tflds FLD Setup Time 150 ns
Note 2; 
Flash tDVWH 
= 50 ns

T45 tfldh FLD Hold Time 10 ns
Note 2; 
Flash tWHDX 
= 10 ns

T46 tflwp Write Pulse Width 120 ns
Note 2; 
Flash tWLWH 
= 60 ns

T47 tflwph Write Pulse Width High 25 ns
Note 2; 
Flash tWHWL 
= 20 ns

T48 tlasu
FLADDR Setup Time before 

FLCS# 7 ns Note 3; latch 
tSU = 2 ns

T49 tlah
FLADDR Hold Time after 

FLCS# 7 ns Note 3; latch 
tH = 1.5 ns

Table 33. Flash Interface Timing Parameters

Symbol Parameter Min Max Units Notes
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signal.
The timing parameters are for Flash write and read cycles are illustrated in Figure 26 and Figure 27 
below. 

Note: The Flash write cycle operates with the FLWE# signal; and the Flash read cycle, the FLOE# 

6.4.2.3 EEPROM Timings

The 82558 is designed to support a standard 64x16 serial EEPROM. Table 34 provides the timing 
parameters for EEPROM interface signals. 

Figure 26. Flash Timing - Write Cycle

Figure 27. Flash Timing - Read Cycle

Address StableFLADDR

T41T40

T35

FLCS#

FLWE#

FLDATA-W Data Out

T44 T45

T43T42 T46

T47

T49T48

Address StableFLADDR

FLCS#

FLOE#

T38

FLDATA-R Data In

T37

T35

T36 T39

Table 34. EEPROM Interface Timing Parameters

Symbol Parameter Min Max Units Notes

T50 tEFSK Serial Clock Frequency 1.0 MHz EEPROM 
fsk = 1 MHz

T51 tECSS
Delay from CS High to SK 

High 300 ns EEPROM 
tcss = 50 ns

T52 tECSH
Delay from SK Low to CS 

Low 30 ns EEPROM 
tcsh = 0 ns
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The timing parameters for the EEPROM interface are illustrated in the figure below. 

6.4.2.4 PHY Timings

The table below summarizes the 10BASE-T link pulse timing parameters. 

10BASE-T link pulse timing is illustrated in the figure below. 

T53 tEDIS Setup Time of DI to SK 300 ns
EEPROM 
tdis = 
150 ns

T54 tEDIH
FLOE# Inactive to FLD 

Driven Delay Time 50 ns
EEPROM 
tdih = 
150 ns

T55 tECS
FLADDR Setup Time before 

FLWE# 5 ns
EEPROM 
tcs = 
250 ns

Table 34. EEPROM Interface Timing Parameters

Symbol Parameter Min Max Units Notes

Figure 28. EEPROM Timing

T51

EECS

FLD0EESK

FLD2EEDI

T53 T54

T52

Table 35. 10BASE-T Normal Link Pulse Timing Parameters

Symbol Parameter Min Max Units Notes

T56 Tnlp_wid NLP Width ns Typical = 
100 ns

T57 Tnlp_per NLP Period 8 24 ms

Figure 29. 10BASE-T Normal Link Pulse Timing

Normal Link Pulse

T57

T56
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The table below summarizes the Auto-Negotiation fast link pulse timing parameters. 

Auto-Negotiation link pulse timing is illustrated in the figure below. 

The table below summarizes the 100BASE-TX timing specifications for AC timing. 

Table 36. Auto-Negotiation Fast Link Pulse Timing Parameters

Symbol Parameter Min Max Units Notes

T58 Tflp_wid FLP Width (clock/data) ns Typical = 
100 ns

T59 Tflp_clk_clk
Clock Pulse to Clock Pulse 

Period 111 139 µs Typical = 
125 µs

T60 Tflp_clk_dat
Clock Pulse to Data Pulse 

Period 55.5 69.5 µs Typical = 
62.5 µs

T61 Tflp_bur_num
Number of Pulses in One 

Burst 17 33

T62 Tflp_bur_wid Burst Width ms
Typical =

2 ms

T63 Tflp_bur_per FLP Burst Period 8 24 ms

Figure 30. Auto-Negotiation Fast Link Pulse Timing

Fast Link Pulse

T59

T60

T58

Clock Pulse Data Pulse Clock Pulse

FLP Bursts

T62
T63

Table 37. 100BASE-TX Transmitter AC Timing Specification

Symbol Parameter Min Max Units Notes

T64 Tjit
TDP/TDN Differential Output 

Peak Jitter 700 ps
HLS Data;

Typical = 
700 ps
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7.0 Physical Attributes and Dimensions

This section provides the physical packaging information for the 82558 device. The 82558 is 
lead Shrink Quad Flat Pack (SQFP) device. Package dimensions are shown in Figure 31 and the 
attributes are provided in Table 38. For more information on Intel device packaging, refer to the
Intel Packaging Handbook, available from Intel Literature or your local sales office. 

NOTE: The distances labeled D2 and E2 refer to the measurement of the heatslug. They do not refer to the 
end-to-end pin distance.

 

Figure 31. Dimension Diagram for the 82558 SQFP

Table 38. Dimensions for the 208-pin SQFP

Symbol Description Min Max

A Overall Height 3.25 3.75

A1 Stand Off 0 0.30

b Lead Width 0.14 0.26

c Lead Thickness 0.150 0.188

D Terminal Dimension 30.2 31.0

D1 Package Body 27.9 28.1
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NOTE: All dimensions are in millimeters except T, which is in degrees.

E Terminal Dimension 30.2 31.0

E1 Package Body 27.9 28.1

e1 Lead Pitch 0.40 0.60

L1 Foot Length 0.30 0.70

T Lead Angle 0.0° 10.0°
Y Coplanarity 0.1 0.1

D2/E2 Heatslug 21 21

Table 38. Dimensions for the 208-pin SQFP

Symbol Description Min Max
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8.0 Revision History  

Revision 
Date Version Description

5-97 New Preliminary Release, Revision 1.1.

9/97 2.0 82558 B-step features added

10/97 2.2 82558 B-step features updated

1/98 2.3 General editing
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