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Introduction 1

This chapter provides a general description of the 21145 Phoneline/Ethernet LAN Controller, its
features, and an overview of the hardware.

1.1 Purpose and Audience

Thismanual describes the operation of the 21145 Phoneline/Ethernet LAN Controller (also referred to as
the 21145). Thismanua isfor hardware and software designers who use the 21145.

There are two versions of the 21145: a 176-pin device and a 144-pin device (see the 21145
Phoneline/Ethernet LAN Controller Datasheet for more details). Except for the modem and
expansion ROM interfaces (see Section 1.6), the devices are identical. This document describes
both, except when specifically noted otherwise.

1.2 Manual Organization

This manual contains the following chapters and appendices (an index is also included):

¢ This chapter, “Introduction”, includes a general description of the 21145. It also provides an
overview of the 21145 hardware components.

* Chapter 2, “Host Communicationiescribes how the 21145 communicates with the host by
using descriptor lists and data buffers. It also describes the transmit and receive processes.

¢ Chapter 3, “Host Bus Operationjrovides a description of the read, write, and termination
cycles.

* Chapter 4, “Network Interface Operatigmlescribes the MIl and 10BASE-T ports. It includes
a complete description of media access control (MAC) operations. It also provides detailed
transmit and receive operation information.

* Chapter 5, “Modem Interfacetlescribes the modem connections and the 21145 PCI/CardBus
interface.

* Chapter 6, “Power-Management and Power-Saving Supmescribes power-management
features and associated specifications.

¢ Chapter 7, “External Portstiescribes the interface and operation of the MicroWire* serial
ROM, the boot ROM, the general-purpose port, and the network activity LEDs.

* Chapter 8, “Registers’provides a complete bit description of the 21145 command and status
registers (CSRs) and the configuration registers.

¢ Appendix A, “DNA CSMA/CD Counters and Events Supppdgscribes features that support
the driver in implementing and reporting the specified counters and events.

* Appendix B, “Hash C Routine’provides an example of a C routine that generates a hash
index for a given Ethernet address.

* Appendix C, “Port Selection Proceduygtovides information about selecting the Ml,
10BASE-T, and HomePNA* ports.
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¢ Appendix D, “General-Purpose Port and LED Programminghtains information about
general-purpose port and LED programming.

* Appendix E, “Filtering Setup Frame Buffer Examplegfovides examples of perfect and
imperfect filtering setup frame buffers.

* Appendix F, “Wake-Up Frame Filter Register Block Programming Exampesvides
examples of wake-up frame patterns and how the wake-up frame filter register block should be
programmed.

* Appendix G, “The HomePNA PHY Register Interfacééscribes how to access the HomePNA
PHYs internal registers.

* Appendix H, “HomePNA Telephone Line Interfaceeéscribes the 21145’s interface to the
physical telephone line.

* Appendix I, “Magic Packet Formattiescribes the Magic Packet* format used by the 21145.

Document Conventions

Some tables use the values 1, 0, and X. An X signifies a don't care (1 or 0) convention, which can
be determined by the system designer. Hexadecimal numbers have an ‘H’ suffix, and binary
numbers a ‘b’ suffix; all other numbers are decimal, unless clearly identified by the context.

All shaded bits in the figures are reserved. All reserved fields within non-reserved locations must
be written by software as 0, and must be masked off when read; reserved register and memory
locations must not be written to. Otherwise, unpredictable results will occur.

General Description

The 21145 is an Ethernet/HomePNA LAN controller for both 100 Mb/s and 10 Mb/s data rates that
integrates a HomePNA PHY for 1 Mb/s data rate home networking on telephone lines. The 21145
provides a direct interface to the Peripheral Component Interconnect (PCI) local bus or to a
CardBus. The 21145 interfaces to the host processor by using on-chip command and status
registers (CSRs) and a shared host memory area, set up mainly during initialization. This
minimizes processor involvement in the 21145 operation during normal reception and
transmission.

The 21145 also incorporates a modem interface (176-pin device only), and can operate with a wide
range of ISA-bus modem chipsets available in the marketplace.

The 21145 is optimized for low power PCIl/CardBus based systems and supports a power-management
mechanism, based upon the OnNow architecture which is required for PC 97, PC 98 and PC 99.

Large FIFOs allow the 21145 to efficiently operate in systems with longer latency periods. Bus
traffic is also minimized by filtering out received runt frames and by automatically retransmitting
collided frames without a repeated fetch from the host memory. The 21145 also provides an
expansion ROM interface (176-pin device only) for uses such as boot ROMs.
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The 21145 provides the following network interfaces:
¢ 10BASE-T 10 Mb/s port
* HomePNA port
* A media-independent/symbol interface (MI11/SY M) 10/100 Mb/s port

The 10BASE-T port provides a direct Ethernet connection to the twisted-pair (TP) interface. The
HomePNA port provides adirect interface to aresidential telephone line at arate of 1 Mby/s.

The MII/SYM port supports two operational modes:
¢ MIl mode—A full implementation of the MIl standard

* SYM mode—Symbol interface to an external 100 Mb/s front-end decoder (ENDEC). In this
mode the 21145 uses an on-chip physical coding sublayer (PCS) and a scrambler/descrambler
circuit to enable a low-cost 100BASE-T implementation.

The 21145 is capable of functioning in a full-duplex environment for the MII/SYM and 10BASE-T ports.

1.5 Features

The 21145 has the following features:

Host Interface Features:

* Includes a powerful onchip direct memory access (DMA) with programmable burst size,
providing low CPU utilization.

* Supports early interrupt on transmit and receive.
* Supportsinterrupt mitigation on transmit and receive.
* Supports big or little endian byte ordering for buffers and descriptors.

¢ Implements intelligent arbitration between DMA channels to minimize underflow and
overflow.

* Contains large independent receive and transmit FIFOs.

Network Side Features:

* Supports three network ports: 10BASE-T (10 Mb/s), HomePNA (1 Mb/s), and MI1/SYM (10/
100 Mbys).

* Contains avariety of flexible address filtering modes.
® Contains on-chip PCS and scrambler/descrambler for 100BASE-TX.

* Implements signal-detect filtering to avoid false detection of link with 100BASE-TX symbol
interfaces.

¢ Enables automatic detection and correction of 10BASE-T receive polarity.
* Contains on-chip integrated 10BASE-T transceiver.
* Supports autodetection between 10BASE-T, HomePNA, and MII/SYM ports.

* Supports | EEE 802.3 Auto-Negotiation algorithm of full-duplex and half-duplex operation for
10 Mb/s and 100 Mb/s (NWAY).
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Offers a patented sol ution to the Ethernet capture-effect problem.
Supports full-duplex operation on both MI1/SYM and 10BASE-T ports.
Providesinternal or external loopback capability on all network ports.
Supports |EEE 802.3 and ANSI 8802-3 Ethernet standards.

HomePNA Features:

Compliant with the Home Phoneline Networking Alliance (HomePNA) specification effort.

Integrates a HomePNA PHY for 1 Mb/s Ethernet-like home networking on residential
telephone lines.

Provides automatic support for dual HomePNA data transfer rates and dual transmission
power levels.

Generates an interrupt upon HomePNA PHY interrupt.
Provides a software interface to the HomePNA PHY internal registers.
Supports ACPI and OnNow on the HomePNA port (except for the link-change event).

Modem Interface (176-pin 21145 only):

Supports a gluel ess modem interface port for standard |SA modem chipsets.
Modem is accessed as a second PCI function with its own PCI configuration space.
Internal modem registers mapped to PClI Memory or 1/O space.

Supports ACPI power management for modem, including wakeup.

PCIl and CardBus Features:

Supports PCI Local Bus Specification, Revision 2.1.

Supports PCI and CardBus interfaces for network and modem access.
Supports PCI/CardBus clock control through clkrun.

Supports CardBus cstschg pin and Status Changed registers.

Supports automatic loading of subvendor ID and CardBus card information structure (CIS)
pointer from serial ROM to configuration registers.

Supports storage of CardBus card information structure (CIS) in the serial ROM or the
expansion ROM.

Supports the advanced PCl/CardBus read multiple, read line, and write and invalidate commands.
Supports an unlimited PCI/CardBus burst.

Supports PCI/CardBus clock speed frequency from DC to 33 MHz; network operation with
PCI clock from 20 MHz to 33 MHz.

Power Management and Power Savings:

Fully compliant with the Network Device Class Power Management Specification,

Revision 1.0, and the Communication Device Class Power management Specification, under
the OnNow Architecture for MicrosoftBC 97 Hardware Design Guide, PC 98 Hardware
Design Guide and PC 99 Hardware Design Guide.
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¢ Supports all wake-up events defined in the Network Device Class Power Management
Foecification, Revision 1.0 and the Communication Device Class Power management
Soecification including:

— Pattern matching

— Link change (except on HomePNA port)

— Magic Packet

— Phone ring indication on modem port (176-pin device only)

¢ Fully compliant with the Advanced Configuration and Power Interface (ACPI) Specification,
Revision 1.0.

¢ Fully compliant with the PCI Bus Power Management Interface Specification, Revision 1.0.

* Implements device power management with two power saving modes (Snooze and Sleep).
Meets the CardBus power-up current restriction of 70 mA by powering up in Sleep mode.

¢ |Implements low-power, 3.3V CMOS technology.

Other Features:
* Provides MicroWire interface for serial ROM (1 K and 4 K EEPROM).
* Provides an expansion ROM interface up to 256 KB (176-pin device only).
* Provides LED indications for various network activity.

¢ Contains a 4-bit, general-purpose programmable register and corresponding 1/0O pins with the
ability to generate interrupts from two general-purpose pins.

1.6 Microarchitecture

Thefollowing list describes the 21145 hardware components, and Figure 1-1 shows a block
diagram of the 21145:

* PCl/CardBus interface—Includes all interface functions to the PCl and CardBus bus. Handles
all interconnect control signals, and executes DMA and I/O transactions.

¢ Expansion ROM (176-pin device only)—Provides an interface to perform read and write
operations to the expansion ROM. Supports accesses to bytes or longwords (32-bit). Provides
the ability to connect an external 8-bit register to the expansion ROM port.

* Modem port (176-pin device only)—Provides an interface to perform byte read and write
operations to ISA compliant modem chipsets.

* Serial ROM port—Provides a direct interface to a Microwire ROM for storage of the Ethernet
address and system parameters.

¢ General-purpose register—Enables software use for input or output functions and LEDs.

* DMA—Contains independent receive and transmit controllers. Handles data transfers between
CPU memory and on-chip memory.

* FIFOs—Contains independent FIFOs for receive and transmit. Supports automatic packet
deletion on receive (runt packets or after a collision) and packet retransmission after a collision
on transmit.
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RxM—Handles all CSMA/CBMAC? receive operations, and transfers the network data from
the PHY to the receive FIFO.

TxM—Handles all CSMA/CD MAC transmit operations, and transfers data from transmit
FIFO to the 10Base-T, HomePNA, or MIlI/SYM ports for transmission.

SIA interface—Performs 10 Mb/s physical layer network operations; implements the
HomePNA and 10BASE-T functions, including the Manchester encoder and decoder
functions.

NWAY—Implements the IEEE 802.3 Auto-Negotiation algorithm.

Physical coding sublayer—Implements the encoding and decoding sublayer of the
100BASE-TX (CAT5) specification, including the squelch feature.

HomePNA PHY—Implements the HomePNA telephone network interface.

Scrambler/descrambler—Implements the twisted-pair physical layer medium dependent
(TP-PMD) scrambler/descrambler scheme for 100BASE-TX.

Three network interfaces—A HomePNA interface, a 10BASE-T interface, and an MII/SYM
interface provide a full MIl signal interface and direct interface to the 100 Mb/s PHY for CATS5.

Wake-up-controlle—Enables power-management control compliant with the ACPI.

1. Carrier-sense multiple access with collision detection.
2. Mediaaccess control.

1-6
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®
Figure 1-1. 21145 Block Diagram
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Host Communication 2

2.1

2.2

Note:

This chapter describes descriptor lists and data buffers, which are collectively called the host
communication area, that manage the actions and status related to buffer management. Commands
and signalsthat control the functional operation, receive and transmit processes, interrupt handling,
and the initialization sequence of the 21145 are a so described.

All shaded bitsin the figuresin this chapter are reserved and should be written by the driver as zero.

Data Communication

The 21145 and the driver communi cate through the two following data structures:
¢ Control and status registers (CSRs), described in Chapter 8.
* Descriptor lists and data buffers, described in this chapter.

Descriptor Lists and Data Buffers

The 21145 transfers received data frames to the receive buffers in host memory and transmits data
from the transmit buffers in host memory. Descriptors that reside in the host memory act as
pointers to these buffers.

There are two descriptor lists, one for receive and one for transmit. The base address of each list is
written into CSR3 and CSR4, respectively. A descriptor list is forward linked (either implicitly or
explicitly). The last descriptor may point back to the first entry to create aring structure. Explicit
chaining of descriptorsis accomplished by setting the second address chained in both the receive
and transmit descriptors RDES1<24> and TDES1<24>. The descriptor lists reside in the host
physical memory address space. Each descriptor can point to a maximum of two buffers. This
enables two buffers to be used, physically addressed, and not contiguous in memory (Figure 2-1).

A data buffer consists of either an entire frame or part of aframe, but it cannot exceed asingle
frame. Buffers contain only data; buffer statusis maintained in the descriptor. Data chaining refers
to frames that span multiple data buffers. Data chaining can be enabled or disabled. Data buffers
reside in host physical memory space.
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Figure 2-1. Descriptor Ring and Chain Structure Examples
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2.2.1 Receive Descriptors

Host Communication

Figure 2-2 shows the receive descriptor format.

Note: Descriptors and receive buffers addresses must be longword aligned.

Providing two buffers, two byte-count buffers, and two address pointersin each descriptor enables

the adapter port to be compatible with various types of memory-management schemes.

Figure 2-2. Receive Descriptor Format

RDESO

RDES1

RDES2

RDES3

31

(@]
W Status
N
; Byte-Count Byte-Count
Control Bits Buffer 2 Buffer 1

Buffer Address 1

Buffer Address 2

A6466-01

22.1.1 Receive Descriptor 0 (RDESO)

RDESO contains the received frame status, the frame length, and the descriptor ownership
information. Figure 2-3 shows the RDESO bit fields.
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Figure 2-3. RDESO Bit Fields
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A6467-01
Table 2-1 describes the RDESO hit fields.
Table 2-1. RDESO Bit Fields Description (Sheet 1 of 3)
Field Description
OWN—Own Bit
31 When set, indicates that the descriptor is owned by the 21145. When reset, indicates that the

descriptor is owned by the host. The 21145 clears this bit either when it completes the frame
reception or when the buffers that are associated with this descriptor are full.

FF—Filtering Fail

30 When set, indicates that the frame failed the address recognition filtering. This bit can be set
only when receive all (CSR6<30>) is set. Otherwise, this bit is reset. This bit is valid only when
last descriptor (RDES0<8>) is set and when the received frame is 64 bytes or longer.

FL—Frame Length

Indicates the length, in bytes, of the received frame that was transferred into host memory,
including the cyclic redundancy check (CRC). Normally, this is also the length in bytes of the
29:16 frame received from the network. In the case of receive timeout, the length of the frame on the
network is longer.

This field is valid only when last descriptor (RDES0<8>) is set and descriptor error
(RDES0<14>) is reset.
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Table 2-1. RDESO Bit Fields Description (Sheet 2 of 3)

Field

Description

15

ES—Error Summary
Indicates the logical OR of the following RDESO bits:

RDES0<1>—CRC error
RDES0<6>—Collision seen
RDES0<7>—Frame too long
RDES0<11>—Runt frame
RDES0<14>—Descriptor error
This bit is valid only when last descriptor (RDES0<8>) is set.

14

DE—Descriptor Error

When set, indicates a frame truncation caused by a frame that does not fit within the current
descriptor buffers, and that the 21145 does not own the next descriptor. The frame is truncated.

This bit is valid only when last descriptor (RDES0<8>) is set.

13:12

DT—Data Type

Indicates the type of frame the buffer contains:
00—Serial received frame.
0l1—Internal loopback frame.

10—External loopback frame or serial received frame. The 21145 does not differentiate
between loopback and serial received frames; therefore, this information is global and
reflects only the operating mode (CSR6<11:10>).

11—Reserved.
This field is valid only when last descriptor (RDES0<8>) is set.

11

RF—Runt Frame

When set, indicates that this frame was damaged by a collision or premature termination before
the collision window had passed. Runt frames are passed on to the host only if the pass bad
frames bit (CSR6<3>) is set.

This bit is valid only when last descriptor (RDES0<8>) is set.

10

MF—Multicast Frame
When set, indicates that this frame has a multicast address.
This bit is valid only when last descriptor (RDES0<8>) is set.

FS—First Descriptor
When set, indicates that this descriptor contains the first buffer of a frame.

If the buffer size of the first buffer is 0, the second buffer contains the beginning of the frame. If
the buffer size of the second buffer is also 0, the second descriptor contains the beginning of the
frame.

LS—Last Descriptor
When set, indicates that the buffers pointed to by this descriptor are the last buffers of the frame.

TL—Frame Too Long

When set, indicates that the frame length exceeds the maximum Ethernet-specified size of
1518 bytes.

This bit is valid only when last descriptor (RDES0<8>) is set.

Note: Frame too long is only a frame length indication and does not cause any frame
truncation.

CS—Caollision Seen

When set, indicates that the frame was damaged by a collision that occurred after the 64 bytes
following the start frame delimiter (SFD). This is a late collision.

This bit is valid only when last descriptor (RDES0<8>) is set.
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Table 2-1. RDESO Bit Fields Description (Sheet 3 of 3)

Field

Description

FT—Frame Type

When set, indicates that the frame is an Ethernet-type frame (frame length field is greater than
1500 bytes). When clear, indicates that the frame is an IEEE 802.3 frame.

This bit is not valid for runt frames of less than 14 bytes.
This bit is valid only when last descriptor (RDES0<8>) is set.

RW—Receive Watchdog

When set, indicates that the receive watchdog timer expired while receiving this frame. If the
device is in the Snooze power saving mode, the frame was longer than 1792 to 2304 bytes;
otherwise, the frame was longer than 2048 to 2560 bytes. Receive watchdog timeout
(CSR5<9>) is also set.

When RDES0<4> is set, the frame length field in RDES0<29:16> is not valid.

This bit is valid only when last descriptor (RDES0<8>) is set, and should be ignored in
HomePNA mode.

RE—Report on MIl Error

When set, indicates that a receive error in the physical layer was reported during the frame
reception. This bit is valid only if the packet was received on the MII/SYM port and when last
descriptor (RDES0<8>) is set.

DB—Dribbling Bit

When set, indicates that the frame contained a noninteger multiple of 8 bits. This error is
reported only if the number of dribbling bits in the last byte is 4 in MIl operating mode, or at least
3in 10 Mb/s serial operating mode. This bit is not valid if collision seen (RDES0<6>) is set.

If set, and the CRC error (RDES0<1>) is reset, then the packet is valid.

This bit is valid only when last descriptor (RDES0<8>) is set.
This bit is not valid in HomePNA mode.

CE—CRC Error

When set, indicates that a cyclic redundancy check (CRC) error occurred on the received frame.
This bit is also set when the mii_err pin is asserted during the reception of a receive packet even
though the CRC may be correct. This bit is not valid if one of the following conditions exist:

—The received frame is a runt frame

—A collision occurred while the packet was being received

—A watchdog timeout occurred while the packet was being received
This bit is valid only when last descriptor (RDES0<8>) is set.

ZERO
This bit is always zero for a packet with legal length.
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22.1.2 Receive Descriptor 1 (RDES1)

Figure 2-4 shows the RDESL1 hit fields.
Figure 2-4. RDESL1 Bit Fields

313029 28 27 26 25 24 2322212019181716 151413121110 9 8 7 6 5 4 3 2 10

L il |
RER - Receive End of Ring 4T

RCH - Second Address Chained
RBS2 - Buffer 2 Size
RBS1 - Buffer 1 Size

A6468-01

Table 2-2 describes the RDESI bit fields.

Table 2-2. RDESL1 Bit Fields Description

Field Description

RER—Receive End of Ring

25 When set, indicates that the descriptor list reached its final descriptor. The 21145 returns to the
base address of the list (Section 8.3.2.7), creating a descriptor ring.

RCH—Second Address Chained

When set, indicates that the second address in the descriptor is the next descriptor address,
rather than the second buffer address.

RDES1<25> takes precedence over RDES1<24>.

24

RBS2—Buffer 2 Size

Indicates the size, in bytes, of the second data buffer. If this field is 0, the 21145 ignores this
21:11 buffer and fetches the next descriptor.

The buffer size must be a multiple of 4.
This field is not valid if RDES1<24> is set.

RBS1—Buffer 1 Size

Indicates the size, in bytes, of the first data buffer. If this field is 0, the 21145 ignores this buffer
and uses buffer 2.

The buffer size must be a multiple of 4.

10:0
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2.2.1.3 Receive Descriptor 2 (RDES2)

Figure 2-5 shows the RDES2 hit field.
Figure 2-5. RDES2 Bit Field

313029 28 27 26 2524 23 22212019181716 151413121110 9 8 7 6 5 4 3 2 10
rrrrrrrrrrrrirrrrririrnrrorihnTrTiriroririTriTd

Buffer Address 1

A6469-01

Table 2-3 describes the RDES? hit field.

Table 2-3. RDES2 Bit Field Description

Field Description

Buffer Address 1
Indicates the physical address of buffer 1. The buffer must be longword aligned (RDES2<1:0> = 00).

31:0

22.1.4 Receive Descriptor 3 (RDES3)

Figure 2-6 shows the RDES3 hit field.
Figure 2-6. RDES3 Bit Field

313029 28 2726 2524 232221201918171615141312 1110 9 8 7 6 5 4 3 2 10
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrid

Buffer Address 2

A6470-01

Table 2-4 describes the RDES3 hit field.

Table 2-4. RDES3 Bit Field Description

Field Description

Buffer Address 2

31:0 If the RCH field (RDES1<24>) is set, this field is physical address of buffer 2; The buffer
' must be longword aligned (RDES3<1:0> = 00).Otherwise, this field points to the next

descriptor.
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Receive Descriptor Status Validity

Host Communication

Table 2-5 lists the validity of the receive descriptor status bitsin relation to the reception
completion status.

Table 2-5. Receive Descriptor Status Validity

Reception Receive Status Report

Status RF Cs FT FF DB CE RE (ES, DE, DT, FS, LS, FL)
Collision after

512 bits 0 1 \ \% NV NV \% \%

Runt frame 1 0 \% NV \% NV \% \
Runtframe less

than 14 bytes 1 0 NV NV \% NV \% \%
Watchdog 0 v v v v NYZRRRY, v

timeout

List of table abbreviations

RF—Runt frame (RDES0<11>)
CS—Collision seen (RDES0<6>)
FT—Frame type (RDES0<5>)
FF—Filtering fail (RDES0<30>)
DB—Dribbling bit (RDES0<2>)
CE—CRC error (RDES0<1>)

RE—Report on MIl error (RDES0<3>)

ES—Error summary (RDES0<15>)

DE—Descriptor error (RDES0<14>)
DT—Data type (RDES0<13:12>)
FS—First descriptor (RDES0<9>)
LS—Last descriptor (RDES0<8>)
FL—Frame length (RDES0<30:16>)
V—Valid
NV—Not valid

2.2.2

Transmit Descriptors

Figure 2-7 shows the transmit descriptor format.

Note:

Descriptor addresses must be longword aligned.

Providing two buffers, two byte-count buffers, and two address pointersin each descriptor enables
the adapter port to be compatible with various types of memory-management schemes.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual
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Figure 2-7. Transmit Descriptor Format

31 0

(@)
TDESO | W Status

N

; Byte-Count Byte-Count
TDES1 Control Bits Buffer 2 Buffer 1
TDES2 Buffer Address 1
TDES3 Buffer Address 2
A6471-01

2.2.2.1 Transmit Descriptor O (TDESO)

TDESO contains transmitted frame status and descriptor ownership information. Figure 2-8 shows
the TDESO bit fields.

Figure 2-8. TDESO Bit Fields

31 30 16 15 14 1110 9 8 7 6 5 4 3 2 10

T |
OWN - Own Bit

ES - Error Summary
TO - Transmit Jabber Timeout
LO - Loss of Carrier
NC - No Carrier
LC - Late Collision
EC - Excessive Collisions
HF - Heartbeat Fail
CC - Colision Count
LF - Link Fail Report
UF - Underflow Error
DE - Deferred

A6472-01

Table 2-6 describes the TDESO bit fields.

2-10 21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual




Host Communication

Table 2-6. TDESO Bit Fields Description (Sheet 1 of 2)

Field

Description

31

OWN—Own Bit

When set, indicates that the descriptor is owned by the 21145. When cleared, indicates that the
descriptor is owned by the host. The 21145 clears this bit either when it completes the frame
transmission or when the buffers allocated in the descriptor are empty.

The ownership bit of the first descriptor of the frame should be set after all subsequent
descriptors belonging to the same frame have been set. This avoids a possible race condition
between the 21145 fetching a descriptor and the driver setting an ownership bit.

15

ES—Error Summary

Indicates the logical OR of the following bits:
TDESO<1>—Underflow error
TDESO0<2>—Link Fail Report
TDESO0<8>—EXxcessive collisions
TDESO0<9>—Late collision
TDES0<10>—No carrier
TDESO0<11>—Loss of carrier
TDESO0<14>—Transmit jabber timeout summary

The error summary bit may be set despite the fact that none of the above bits are set. When this
happens, no error has occurred and the ES indication should be ignored.

14

TO—Transmit Jabber Timeout

When set, indicates that the transmit jabber timer timed out and that the 21145 transmitter was
still active. The transmit jabber timeout interrupt CSR5<3> is set. The transmission process is
aborted and placed in the STOPPED state.

When TDES0<14> is set, any Heartbeat Fail (TDES0<7>) or Late Collision (TDES0<9>)
indication is not valid.

11

LO—Loss of Carrier
When set, indicates loss of carrier during transmission.
Not valid in internal loopback mode (CSR6<11:10>=01).

10

NC—No Carrier

When set, indicates that the carrier signal from the transceiver was not present during
transmission.

Not valid in internal loopback mode (CSR6<11:10>=01).

LC—Late Collision

When set, indicates that the frame transmission was aborted due to collision occurring after the
collision window of 64 bytes. Not valid if Underflow Error (TDES0<1>) or Transmit Jabber
Timeout (TDES0<14>) are set.

EC—Excessive Collisions

When set, indicates that the transmission was aborted after 16 successive collisions while
attempting to transmit the current frame.

HF—Heartbeat Fail

This bit is effective only in 10BASE-T operating mode. When set, this bit indicates a heartbeat
collision check failure (the transceiver failed to return a collision pulse as a check after the
transmission). For transceivers that do not support heartbeat collision check, heartbeat fail is set
but is not valid.

This bit is not valid if Underflow Error (TDES0<1>) is set.

On the second transmission attempt, after the first transmission was aborted due to a collision,
the 21145 does not check Heartbeat Fail (TDES0<7>) and is reset.
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Table 2-6. TDESO Bit Fields Description (Sheet 2 of 2)

Field

Description

6:3

CC—=Caollision Count

This 4-bit counter indicates the number of collisions that occurred before the frame was
transmitted.

Not valid when the Excessive Collisions bit (TDES0<8>) is also set.

LF—Link Fail Report

When set, indicates the link was down when packet transmission completed, so the packet was
not received by the link partner. If the link was down at some stage during packet transmission,
but returned by the time packet transmission was done, this bit will not be set, although the
packet may not have been received.

This bit is only valid in 10BASE-T mode (CSR6<18> = 0, CSR13<3> = 0) and 100 Mb/s SYM
mode (CSR6<18> = 1, CSR6<23> = 1).

UF—Underflow Error

When set, indicates that the transmitter aborted the message because data arrived late from
memory. Underflow Error indicates that the 21145 encountered an empty transmit FIFO while
transmitting a frame. The transmission process enters the suspended state and sets both
Transmit Underflow (CSR5<5>) and Transmit Interrupt (CSR5<0>).

DE—Deferred

When set, indicates that the 21145 had to defer while ready to transmit a frame because the
carrier was asserted.

2.2.2.2

Transmit Descriptor 1 (TDES1)

Figure 2-9 shows the TDES1 hit fields.

Figure 2-9. TDES1 Bit Fields

IC -Interrupt on
Completion

LS - Last Segment |
FS - First Segment

FT1 - Filtering Type

SET - Setup Packet

AC - Add CRC Disable
TER - Transmist End of Ring
TCH - Second Address Chained
DPD - Disabled Padding

FTO - Filtering Type
TBS2 - Buffer 2 Size
TBS1 - Buffer 1 Size

313029 28 2726 2524 2322212019181716151413 121110 9 8 7 6 5 4 3 2 1 0

ABG473-01

Table 2-7 describes the TDESL bit fields.

2-12
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Table 2-7. TDES1 Bit Fields Description

Field Description

IC—Interrupt on Completion

31 When set, the 21145 sets transmit interrupt (CSR5<0>) after the present frame has been
transmitted. It is valid only when last segment (TDES1<30>) is set or when it is a setup packet.

LS—Last Segment

30 When set, indicates that the buffer contains the last segment of a frame. If a frame is both the
first and last segment, then both LS and FS should be set.

FS—First Segment

29 When set, indicates that the buffer contains the first segment of a frame. If a frame is both the
first and last segment, then both LS and FS should be set.

FT1—Filtering Type

28
This bit is valid only when setup packet (TDES1<27>) is set. Table 2-8 lists the filtering types.

SET—Setup Packet
When set, indicates that the current descriptor is a setup frame descriptor (Section 2.2.3).

AC—Add CRC Disable

26 When set, the 21145 does not append the cyclic redundancy check (CRC) to the end of the
transmitted frame. This field is valid only when first segment (TDES1<29>) is set.

27

TER—Transmit End of Ring

25 When set, indicates that the descriptor pointer has reached its final descriptor. The 21145
returns to the root address of the list. This creates a descriptor ring.

TCH—Second Address Chained

When set, indicates that the second address in the descriptor is the next descriptor address,
24 rather than the second buffer address.

Transmit end of ring (TDES1<25>) takes precedence over second address chained
(TDES1<24>).
DPD—Disabled Padding

When set, the 21145 does not automatically add a padding field, to a packet shorter than 64
bytes.

23
When reset, the 21145 automatically adds a padding field and also a CRC field to a packet
shorter than 64 bytes. The CRC field is added despite the state of the add CRC disable
(TDES1<26>) flag.

29 FTO—Filtering Type
This bit is valid only when setup packet (TDES1<27>) is set. Table 2-8 lists the filtering types.
TBS2—Buffer 2 Size

2111 Indicates the size, in bytes, of the second data buffer. If this field is 0, the 21145 ignores this

buffer and fetches the next descriptor.
This field is not valid if second address chained (TDES1<24>) is set.

TBS1—Buffer 1 Size

10:0 Indicates the size, in bytes, of the first data buffer. If this field is 0, the 21145 ignores this buffer
and uses buffer 2.

Table 2-8 lists the filtering types.
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Table 2-8. Filtering Type

2.2.

FT1

FTO

Description

Perfect Filtering

The 21145 interprets the descriptor buffer as a setup perfect table of 16 addresses, and
sets the 21145 filtering mode to perfect filtering.

Hash Filtering

The 21145 interprets the descriptor buffer as a setup hash table of 512-bit-plus-one
perfect address. If an incoming receive packet destination address is a multicast
address, the 21145 executes an imperfect address filtering compared with the hash
table. However, if the incoming receive packet destination address is a physical address,
the 21145 executes a perfect filtering compared with the perfect address.

Inverse Filtering

The 21145 interprets the descriptor buffer as a setup perfect table of 16 addresses and
sets the 21145 filtering mode to inverse filtering.

The 21145 receives the incoming frames with destination addresses not matching the
perfect addresses and rejects the frames with destination addresses matching one of the
perfect addresses.

Hash-Only Filtering

The 21145 interprets the descriptor buffer as a setup 512-bit hash table. If an incoming
receive packet destination address is multicast or physical, the 21145 executes an
imperfect address filtering against the hash table.

2.3 Transmit Descriptor 2 (TDES2)

Figure 2-10 shows the TDES2 bit field.

Figure 2-10. TDES2 Bit Field

31302928 27262524232221201918171615141312 1110 9 8 7 6 5 4 3 2 10

Buffer Address 1

A6469-01

Table 2-9 describes the TDES? hit field.

Table 2-9. TDES2 Bit Field Description

2-14

Field

Description

31:.0

Buffer Address 1

Physical address of buffer 1. There are no limitations on the buffer address
alignment.
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2.2.2.4 Transmit Descriptor 3 (TDES3)

Figure 2-11 shows the TDES3 hit field.
Figure 2-11. TDES3 Bit Field

313029 28 2726 252423 22212019181716 151413121110 9 8 7 6 5 4 3 2 1 0
rrrrrrrrrrrrrrrtrrrrrrrrrrrrrrrri

Buffer Address 2

AB6470-01

Table 2-10 describes the TDESS3 bit field.

Table 2-10. TDES3 Bit Field Description

Field Description

Buffer Address 2

If the TCH field (TDES1<24>) is set, this field is physical address of buffer 2; there are no
limitations on the buffer address alignment. Otherwise, this field points to the next descrip-
tor.

31:0

2.2.2.5 Transmit Descriptor Status Validity

Table 2-11 ligts the validity of the transmit descriptor status bits during transmission completion status.

Table 2-11. Transmit Descriptor Status Validity

Transmit Status Report

Network error LO NC LC EC HF CcC TO UF DE
Underflow \% \% NV \% \% \% \% \% \%
Excessive collisions \% \% \% \% \% NV \% \% \%
Watchdog timeout NV \% NV NV NV \% \% \%
Internal loopback NV NV \% \% NV \% \% \%
Transmit Jabber \% \% NV \% NV \% \% \% \%
List of table abbreviations

LO—Loss of carrier (TDES0<11>) TO—Transmit jabber timeout (TDES0<14>)

NC—No carrier (TDES0<10>) UF—Underflow error (TDES0<1>)

LC—Late collision (TDES0<9>) DE—Deferred (TDES0<0>)

EC—Excessive collisions (TDES0<8>) V—Valid

HF—Heartbeat fail (TDES0<7>) NV—Not valid

CC—cCaollision count (TDES0<6:3>)
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2.2.3

Note:

2231

2.2.3.2

2.2.3.3

2-16

Setup Frame

A setup frame defines the 21145 Ethernet addresses that are used to filter all incoming frames. For
adescription of the variousfiltering groups, see Section 4.4.2. The setup frame is never transmitted
on the wire nor is it looped back to the receive list. When processing the setup frame, the receiver
logic temporarily disengages from the wire. The setup frame size must be exactly 192 bytes.

The setup frame must be allocated in a single buffer that islongword aligned. First segment
(TDES1<29>) and last segment (TDES1<30>) must both be 0.

When the setup frameload is completed, the 21145 closes the setup frame descriptor by clearing its
ownership bit and by setting all other bitsto 1.

First Setup Frame

A setup frame must be processed before the reception processis started, except when it operatesin
promiscuous filtering mode.

Subsequent Setup Frames

Subsequent setup frames may be queued to the 21145 despite the receive process state. To ensure
correct setup frame processing, these packets must be queued at the beginning of the transmit
descriptor’s ring or following a descriptor with a zero-length buffer. A descriptor with a zero-
length buffer should contain the following information:

TDESO0<31> = 1 (Adapter-owned descriptor)
TDES1<30> = 0 (Last segment bit 0)
TDES1<29> = 0 (First segment bit 0)

TDES1<21:11>= 0 (Transmit buffer 2 empty)
TDES1<10:0> = 0 (Transmit buffer 1 empty)

Setup packet (TDES1<27>) may also be set. If so, the address filtering bits (TDES1<22> and
TDES1<28>) should be the same as in the previous packet. For setup frame processing, the
transmission process must be running. The setup frame is processed after all preceding frames have
been transmitted and the current frame reception, if any, is completed.

The setup frame does not affect the reception process state, but during setup frame processing, the
21145 is disengaged from the Ethernet wire.

Perfect Filtering Setup Frame Buffer

This section describes how the 21145 interprets a setup frame buffer in perfect filtering mode
(CSR6<0> = 0).

The 21145 can store 16 destination addresses (full 48-bit Ethernet addresses). The 21145 compares
the addresses of any incoming frame to these addresses, and also tests the status of the inverse
filtering (CSR6<4>). It rejects addresses that:

¢ Do not match if inverse filtering (CSR6<4>) is reset.
* Matchif inversefiltering is set.

The setup frame must always supply all 16 addresses. Any mix of physical and multicast addresses
can be used. Unused addresses should duplicate one of the valid addresses.
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Figure 2-12 shows the perfect filtering setup frame buffer format of the addresses.

Figure 2-12. Perfect Filtering Setup Frame Buffer Format

<3:0>

<7:4>

<11:8>

<183:180>

<187:184>

<191:188>

31

Physical Address 00

XXXXXXKKHKHKHXHXHXXXXXXXX (Bytes <1:05)
XXXXKXXKXXKKXXKXXKXX Physical Add(rBe;fegc’Qb)
XOOKKXXIXHKHXKXXXIXKXKXKXX Physical Add(g*;feg(ls: 45)
XOOKKXXIXHKHXKXXXXKXKXKXX Physical Address 01
XHXXXXXHKXKEXXKXKXXKXKXXK Physical Address 01
XOOKKXXIXHXXKXXXXKXKXKXX Physical Address 01
XHXXXXXHKXKEXXKXKXXKXKXXK Physical Address 02
XOOKKXXIXHXXKXXXXKXXKXX Physical Address 02
XHXXXXXHKXKEXXKXKXXKXKXXK Physical Address 02
Physical Address 03
XXXXXXXXXKKKKKXXXXXX Physical Address 14
XXXXXXXXXKKKKXXXXXXX Physical Address 14
XXXXKHKHKHXKKKKXXXXXX Physical Address 14
XXXXXXXXXXKXXXKKXXXXX Physical Add(§§;§i1:0>)
XXXXXXXXKXXKXXKXXKXX Physical Add(rgjfei&b)
XXXXXXXXXXKKKXXXXXXK Physical Address 15

(Bytes <5:4>)

XXXXXX = Don't care

A6474-01

Thelow-order hit of the low-order bytesis the multicast bit of the address.
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2234

2-18

Imperfect Filtering Setup Frame Buffer

This section describes how the 21145 interprets a setup frame buffer in imperfect filtering mode
(CSR6<0> is set). Figure 2-13 shows imperfect filtering.

Figure 2-13. Imperfect Filtering

47 0 31 9 8 0

®

Y

Destination Address 32-Bit CRC

> 512-Bit Hash Table |<€

31 1 Physical Address

AB475-01

The 21145 can store 512 bits serving as hash bucket heads, and one physical 48-bit Ethernet
address. Incoming frames with multicast destination addresses are subjected to imperfect filtering.
Frames with physical destination addresses are checked against the single physical address.

For any incoming frame with a multicast destination address, the 21145 applies the standard
Ethernet cyclic redundancy check (CRC) function to the first 6 bytes containing the destination
address, then it uses the most significant 9 bits of the result as a bit index into the table. If the
indexed bit is set, the frame is accepted. If the bit is cleared, the frame is rejected. (Appendix C
provides an example of a hash index for a given Ethernet address.)

Thisfiltering mode is called imperfect because multicast frames not addressed to this station may
dlip through, but it still decreases the number of frames that the host can receive. Imperfect filtering
can only be used in the DO power state.

Figure 2-14 shows the format for the hash table and the physical address.
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Figure 2-14. Imperfect Filtering Setup Frame Buffer Format

31 16 15 0
Hash Filter

<3:0> | XXXXXXXXHKXXKXXKXXKXXX (Bytes <1:0%)

<127:124>  XXXXXXXXXXXXXXXXXXXXX

T
|
I
I .
. Hash Filter
<745 POKRXIXRKKXXXXKKXXXX | (Bytes <3:25)
T .
XOOOKIOXKIOONKOXKXX | HashFlter o o
! :
Hash Filter
XXXKXHXXKXXKXXXXXXXXK | Hash Filter
| (Bytes <61:60>)
i Hash Filter
|

(Bytes <63:62>)

<131:128> f XXXXXXXXXXXXXXXXXXXXXXKKXXXXKXXKXXXXXXXXXX

)9,9.9.9,0.9,9,9.9.9,0,9,:9,.0.0.9,9.9,:9,.9.0.9,9,.0.:9,.0.0.9.0,.0.9,.0,.0.9,.0.0.9,.0,.0.0,¢

<159:156> |DXOOOXXXXXXXXXXXXXXX | Physical Address

T

|

I

| .
<163:160> | XXXXXXXXXXXXXXXXXXXXX | Physical Address

i Physical Address

l

<167:164>  XXXXXXXXXXXXXXXXXXXXX

<171:168>  XXXXXXXXXXXXXXXXXXXXX XX XXX XXXXXX XX XXX XXX

)0,0,0.0.9.9.9,9,0,9,0,9,0,:0.0.0.9.9.9,0,0,0,9,9,0,.0.0.0.9.9.0,9,0,0,0,0,.0.0.0,.0 4

)0,0,0.0.9.9.9,9,0,9,0,9,:0,:0.0.0.9.9.9,0,0,0,9,0,0,.0,.0.0.9.9.9,9,0,0,0,0,.0,0.0,.0¢

<191:188>  XXXXXXXXXXXXXXXXXXX XXX XXX XXX XXXX XX XXX XXX

XXXXXX = Don't care

A6476-01

Bits are sequentially numbered from right to left and down the hash table. For example, if the CRC
(destination address) <8:0> = 33, the 21145 examines bit 1 in the third longword.
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2.3 Functional Description

This section describes the reset commands, interrupt handling, and startup. It also describes the
transmit and receive processes.

The functional operation of the 21145 is controlled by the driver interface located in the host
communication area. The driver interface activity is controlled by control and status registers
(CSRs), descriptor lists, and data buffers.

Descriptor lists and data buffers, collectively referred to as the host communication area, residein
host memory. These data structures process the actions and status related to buffer management.
The 21145 transfers frame data to and from the receive and transmit buffers in host memory.
Descriptors resident in the host memory point to these buffers.

2.3.1 Reset Commands

The following two commands are available to reset the 21145 hardware and software:
e Assertrst |, toinitiate a hardware reset.
* Assert CSR0<0>, to initiate a software reset.

For aproper hardware reset, both pci_clk and xtal1 clocks should be active. Note that after a hardware
reset, the mode is set to 10BASE-T. For a proper software reset, both pci_clk and the correct serial
clock (for example, mii_tclk when in M1l mode or xtal1 when in either 10BASE-T or HomePNA
mode) should be active. For both the hardware and software reset commands, the 21145 abortsall
processing and starts the reset sequence. The 21145 initializes al interna states and registers.

Note: Nointernal states are retained, no descriptors are owned, and all the host-visible registers are set to
the reset values. However, a software reset command has no effect on the configuration registers or
on CSR6<18> port select.

The 21145 does not explicitly disown any owned descriptor; descriptor-owned bits can be left in a
state indicating 21145 ownership. Section 2.2.1.1 and Section 2.2.2.1 provide adetailed description
of own bits.

After either ahardware or software reset command, the first bus transaction to the 21145 should not
beinitiated for at least 50 PCI clock cycles. When the reset sequence compl etes, the 21145 can accept
host commands. The receive and transmit processes are placed in the stopped state (Table 2-13 and
Table 2-14). It is permissible to issue successive reset commands (hardware or software).
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2.3.2 DMA Arbitration Scheme

The DMA arbitration scheme is used by the 21145 to grant precedence to the receive process
instead of the transmit process (CSR0<1>). The technical expressions used in thistable are
described in the following list:

* Txreq—Specifies a DMA request for the transmit process to:
— Fetch descriptor.
— Close descriptor.
— Process setup packet.

— Transfer data from the host buffer to the transmit FIFO when there is sufficient space in
the transmit FIFO for a full data burst.

* Rxreq—Specifies a DMA request for the receive process to:
— Fetch descriptor.
— Close descriptor.

— Transfer data from the receive FIFO to the host buffer when the receive FIFO contains
sufficient data for a full data burst or contains the end of the packet.

* TXEN—Specifies that the 21145 is currently transmitting.

* RxF<thrx—Specifies that the amount of free bytes left in the receive FIFO is less than an
internal threshold.

* TxF<thtx—Specifies that the amount of bytes in the transmit FIFO is less than an internal
threshold.

Table 2-12lists a description of the arbitration scheme.

Table 2-12. Arbitration Scheme

Txreq Rxreq TXEN RxF<thrx TxF<thtx Chosen Process
0 0 0 — — —

0 0 1 — — —

0 1 0 — — Receive process
0 1 1 — — Receive process
1 0 0 — — Transmit process
1 0 1 — — Transmit process
1 1 0 — — Receive process
1 1 1 0 0 Transmit process
1 1 1 0 1 Transmit process
1 1 1 1 0 Receive process
1 1 1 1 1 Transmit process®

NOTE:
1. The transmit process choice is true only when working in half-duplex mode. When working in full-duplex
mode, a round-robin arbitration scheme will be applied.

In addition to the arbitration scheme listedTable 2-12 two other factors must be considered:
* Thetransmit process obtains awindow for one burst between two consecutive receive packets.

* Thereceive process obtains a window for one burst between two consecutive transmit packets.
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2.3.3
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Interrupts

Interrupts can be generated as aresult of various events. CSR5 contains all the status bits that might
cause an interrupt. CSR7 contains an enable bit for each of the events that can cause an interrupt.
An event will cause an interrupt only if itisenabled in CSR7.

Theinterrupts are divided into two groups: the normal interrupts and the abnormal interrupts. Each
of these groups has a summary bit in CSR5, indicating that one of the events under the group has
caused an interrupt. The 21145 assertstheint_| pin when at least one of the interrupt summary bits
IS set.
The following list contains the events that belong to the normal interrupts group:

CSR5<0>—Transmit interrupt

CSR5<2>—Transmit buffer unavailable

CSR5<6>—Receive interrupt

CSRb5<11>—General-purpose timer expired

CSR5<14>—Early receive interrupt

The following list contains the events that belong toattrer mal interrupts group:
CSR5<1>—Transmit process stopped
CSR5<3>—Transmit jabber timeout
CSR5<4>—Link pass or autonegotiation completed
CSR5<5>—Transmit underflow
CSR5<7>—Receive buffer unavailable
CSR5<8>—Receive process stopped
CSR5<9>—Receive watchdog timeout
CSR5<10>—Early transmit interrupt
CSR5<12>—Link fail
CSR5<13>—Fatal bus error
CSR5<26>—General-purpose port interrupt
CSR5<27>—1Link changed
CSR5<28>—HomePNA interrupt

Interrupt bits are cleared by writing a 1 to the bit position. When all enabled bits in one of the
interrupt groups are cleared, the corresponding summary bit is cleared. If both summary bits are
cleared, the 21145 deasserts the int_I pin.

Interrupts are not queued, and if the interrupting event rbefmse the driver has responded to it,

no additional interrupts are generated. For example, receive interrupt (CSR5<6>) indicates that one
or more received frames were delivered to host memory. The driver musilsdascriptors, from

the last recorded position to the first one owned by the 21145.

An interrupt is generated onbnce for simultaneous, multiple interrupting events. The driver must

scan CSR5 for the interrupt cause or causes. The interrupt is not geagaatednless a new
interrupting event occurs after the driver has cleared the appropriate CSR5 bits.
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For example, transmit interrupt (CSR5<0>) and receive interrupt (CSR5<6>) are set
simultaneously. The host acknowledges the interrupt, and the driver begins executing by reading
CSR5. Next, receive buffer unavailable (CSR5<7>) is set. The driver writes back its copy of CSR5,
clearing transmit interrupt and receive interrupt. The interrupt line is deasserted for at least one
cycle and then asserted again with receive buffer unavailable.

Receive and Transmit Interrupt Mitigation

Theinterrupt mitigation timers and counters allow the software driver to reduce the number of
transmit interrupts (CSR5<0>) and receive interrupts (CSR5<6>). This lowers CPU utilization for
servicing alarge number of interrupts.

The adapter has two counters for counting the received and transmitted packets, and two associated
timers. The mitigation mechanism is similar for both receive and transmit interrupts.

Both counters and timers are programmed by writing to CSR11. Programming the counter to zero
disables the counter effect on the interrupt mitigation mechanism. Programming the timer to zero
disables the timer effect on the interrupt mitigation mechanism.

The counter defines the maximum number of received or transmit interrupts that can be pending
before an interrupt is generated. The timer defines the maximum delay an interrupt can be pending
before the interrupt is generated.

The timer and counter combination alowsfor the batching of several packetsinto asingleinterrupt with
alimit for how long it can be pending. This single interrupt prevents throughput from being impeded in
heavy traffic, while the time limit prevents resources from being held for too long in low traffic.

In interrupt mitigation mode, instead of immediately generating areceive or transmit interrupt, the
adapter decrements the associated interrupt counter and starts the associated timer if it is not
already started. The pending interrupt(s) is (are) generated when either the counter or the timer
expires. Both counter and timer are then rel oaded.

When the receive or the transmit process moves to the suspended or stopped state, any pending
interrupt(s) are immediately generated.

This mechanism allows for reducing the number of interrupts without turning to the classic
interrupt mode or polling mode where the CPU spends cycles on polling the interrupt status
regardless of thetraffic. This mechanism is also more efficient than the fixed interrupt rate
interrupt scheme that generates the same rate of interrupts regardless of the traffic.

Initialization Procedure
The following sequence of checks and commands must be performed by the driver to prepare the
21145 for operation:
1. Wait 50 PCI clock cycles for the 21145 to complete its reset sequence.
2. Update configuration registers (Section 3.1):
a. Read the configuration ID and revision registers to identify the 21145 and its revision.
b. Write the configuration interrupt register (if interrupt mapping is necessary).

c. Write the configuration base address registers to map the 21145 1/0O or memory address
space into the appropriate processor address space.
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d. Write the configuration command register.
e. Write the configuration latency timer to match the system latency guidelines.

3. Write the configuration device and driver arearegister (CFDD) to move the 21145 out of Sleep
mode.

4. Write CSRO to set global host bus operating parameters (Section 8.3.2.1).
5. Write CSR7 to mask unnecessary (depending on the particular application) interrupt causes.

6. Thedriver must create the transmit and receive descriptor lists. Then, it writes to both CSR3
and CSR4, providing the 21145 with the starting address of each list (Section 8.3.2.7). The
first descriptor on the transmit list may contain a setup frame (Section 2.2.3).

Caution: If addressfiltering (either perfect or imperfect) is desired, the receive process should only be
started after the setup frame has been processed
(Section 2.2.3).

7. Set jabber timers and initial SIA settings by writing to CSR13 (Section 8.3.2.16), CSR14
(Section 8.3.2.17), and CSR15 (Section 8.3.2.18) also, refer to Appendix C

8. Write CSR6 (Section 8.3.2.9) to set global serial parameters and to start both the receive and
transmit processes. The receive and transmit processes enter the running state and attempt to
acquire descriptors from the respective descriptor lists. Then the receive and transmit
processes begin processing incoming and outgoing frames. The receive and transmit processes
are independent of each other and can be started and stopped separately.

2.35 Receive Process

While in the running state, the receive process polls the receive descriptor list, attempting to
acquire free descriptors. Incoming frames are processed and placed in acquired descriptors’ data
buffers. Status information is written to RDESO of the last receive descriptor of the frame.

2.3.5.1 Descriptor Acquisition

The 21145 always attempts to acquire an extra descriptor in anticipation of incoming frames.
Descriptor acquisition is attempted if any of the following conditions are satisfied:

* When start/stop receive (CSR6<1>) is set immediately after being placed in the running state.

* When the 21145 begins writing frame data to a data buffer pointed to by the current descriptor,
and the buffer ends before the frame ends.

* When the 21145 completes the reception of a frame, and the current receive descriptor has
been closed.

* When the receive process is suspended because of a host-owned buffer (RDES0<31>=0), and
anew frame isreceived.

* When receive poll demand isissued (Section 8.3.2.5).
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Frame Processing

Asincoming frames arrive, the 21145 recovers the incoming data and clock pulses, and then sends
them to the receive engine. The receive engine strips the preamble bits and stores the frame datain
the receive FIFO. Concurrently, the receive section performs address filtering depending on the
results of inverse filtering (CSR6<6>), hash/perfect receive filtering mode (CSR6<0>), and
hash-only receive filtering mode (CSR6<2>), and also itsinterna filtering table. If the frame fails
the addressfiltering, it isignored and purged from the FIFO. Frames that are shorter than 64 bytes,
because of collision or premature termination, are also ignored and purged from the FIFO (unless
pass bad frames bit CSR6<3> is set).

After 64 bytes have been received, the 21145 requests the PCI bus to begin transferring the frame
data to the buffer pointed to by the current descriptor. While waiting for the PCI bus, the 21145
continuesto receive and store the datain the FIFO. After receiving the PCI bus, the 21145 setsfirst
descriptor (RDES0<9>), to delimit the frame. Then, the descriptors are released when the OWN
(RDES0<31>) hit isreset to 0, either as the data buffersfill up or as the last segment of aframeis
transferred to a buffer. If aframeis contained in a single descriptor, both last descriptor
(RDES0<8>) and first descriptor (RDES0<9>) are set.

The 21145 fetches the next descriptor, sets last descriptor (RDES0<8>), and releases the RDESO
status bitsin the last frame descriptor. Then the 21145 sets receive interrupt (CSR5<6>). The same
process repeats unless the 21145 encounters a descriptor flagged as being owned by the host. If this
occurs, the receive process sets receive buffer unavailable (CSR5<7>) and then entersthe
suspended state. The position in the receivelist is retained.

Receive Process Suspended

If areceive frame arrives while the receive process is suspended, the 21145 refetches the current
descriptor in host memory. If the descriptor is now owned by the 21145, the receive process
reenters the running state and starts the frame reception. If the descriptor is still owned by the host,
the 21145 discards the current frame in the receive FIFO and increments the missed frames counter
(CSR8<15:0>). If more than one frame is stored in the receive FIFO, the process repeats.

Stopping the Receive Process

To stop the receive process, the following sequence should be used:
1. Set CSR6<1>=0
2. Poll on CSR5 until CSR5<19:17>=000b
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Receive Process State Transitions

Table 2-13 lists the receive process state transitions and the resulting actions.

Table 2-13. Receive Process State Transitions

From State Event To State Action
Receive polling begins from last list position
or from the list head, if this is the first start
Stopped Start receive command. Running receive command issued, or if the receive
descriptor list address (CSR3) was modified
by the driver.
The 21145 attempts to Receive buffer unavailable (CSR5<7>) sets
Running acquire a descriptor owned | Suspended when the last acquired descriptor buffer is
by the host. consumed. The position in the list is retained.
Receive process is stopped after the
current frame, if any, is completely
Running Stop receive command. Stopped transferred to data buffers. Receive process
stopped (CSR5<8>) is set. The position in
the list is retained.
The 21145 operation is stopped and fatal bus
Runnin Memory or host bus parity Runnin error (CSR5<13>) sets. The 21145 remains
9 error encountered. 9 in the running state. A software reset must be
issued to release the 21145.
Running Reset command. Stopped Receive capability is cut off.
Receive poll demand or . . .
Suspended | incoming frame and Running Receive polling resumes from last list
. i position.
available descriptor.
Suspended Stop receive command. Stopped Receive process stopped (CSR5<8>) is set.
Suspended Reset command. Stopped None.
2.3.6 Transmit Process
While in the running state, the transmit process polls the transmit descriptor list for frames
requiring transmission. After polling starts, it continuesin either sequential descriptor ring order or
chained order. When it completes frame transmission, status information is written into transmit
descriptor 0 (TDESD). If the 21145 detects a descriptor flagged as owned by the hogt, or if an error
condition occurs, the transmit process is suspended and both transmit buffer unavailable
(CSR5<2>) and normal interrupt summary (CSR5<16>) are set.
Transmit interrupt (CSR5<0>) is set after completing transmission of aframe that has interrupt on
completion (TDES1<31>) set initslast descriptor. When this occurs, the transmission process
continues to run.
While in the running state, the transmit process can simultaneously acquire two frames. Asthe
transmit process completes copying the first frame, it immediately polls the transmit descriptor list
for the second frame. If the second frame is valid, the transmit process copies the frame before
writing the statusinformation of the first frame.
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Frame Processing

Frames can be data-chained and span several buffers. Frames must be delimited by the first
descriptor (TDES1<29>) and the last descriptor (TDES1<30>), respectively.

Asthe transmit process starts execution, the first descriptor must have TDES1<29> set. When this
occurs, frame data transfers from the host buffer to the internal FIFO. Concurrently, if the current
frame has the last descriptor TDES1<30> clear, the transmit process attempts to acquire the next
descriptor. The transmit process expects this descriptor to have TDES1<29> clear. If TDES1<30> is
clear, it indicates an intermediary buffer. If TDES1<30> is set, it indicates the last buffer of the frame.

After the last buffer of the frame has been transmitted, the 21145 writes back the final status
information to the transmit descriptor O (TDESO) word of the descriptor that has the last segment set
in transmit descriptor 1 TDES1<30>). At thistime, if interrupt on completion (TDES1<31>) was set,
the transmit interrupt (CSR5<0>) is s&t, the next descriptor is fetched, and the process repeats.

Actual frame transmission begins after the internal FIFO has reached either a programmable
threshold CSR6<15:14> (Table 8-61), or afull frameis contained in the FIFO. Thereisalso an
option for store and forward mode CSR6<21>, (Table 8-61). Descriptors are released (OWN bit
TDES0<31> clears) when the 21145 compl etes the packet transmission.

Transmit Polling Suspended

Transmit polling can be suspended by either of the following conditions:

* The 21145 detects a descriptor owned by the host (TDES0<31>=0). To resume, the driver
must give descriptor ownership to the 21145 and then issue a poll demand command.

* A frame transmission is aborted when alocally induced error is detected. The appropriate
transmit descriptor O (TDESO) bit is set.

If either of the previous two conditions occur, both abnormal interrupt summary (CSR5<15>) and
transmit interrupt (CSR5<0>) are set, and the information is written to transmit descriptor O,
causing the suspension.

In both of the cases previoudy described, the position in thetransmit list isretained. The retained position
isthat of the descriptor following the last descriptor closed (set to host ownership) by the 21145.

The 21145 does not automatically poll the transmit descriptor list. The driver must explicitly issue
atransmit poll demand command after rectifying the suspension cause, unless the transmit
automatic polling (CSR0<19:17>) field is nonzero. In case of suspension as aresult of underflow,
the 21145 does not automatically poll the descriptors list even if CSR0<19:17> is nonzero.

Stopping the Transmit Process

To stop the transmit process, the following sequence should be used:
1. Set CSR6<13>=0
2. Poll on CSR5 until CSR5<22:20>=000b
3. In HomePNA mode, wait an additional 200us
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Transmit Process State Transitions

Table 2-14 lists the transmit process state transitions and the resulting actions.

Table 2-14. Transmit Process State Transitions

From State Event To State Action
Transmit polling begins from one of the
following positions:

Stopped Start transmit command. Running * The lastlist position.

* The head of the list, if this is the first
start command issued after CSR4 was
initialized or modified.

. The 21145 attempts Transmit buffer unavailable. (CSR5<2>) is
Running acquisition of a descriptor | Suspended
set.
owned by the host.
E;?;Zfstera;fonggflﬁﬂ daubcoer(tjs The following bits are set:
Runnin underflow error Y Suspended TDES0<1>—Underflow error
9 : p CSR5<5>—Transmit underflow
(TDE.SO<1>) Is detected CSR5<15>—Abnormal interrupt summary
(Section 2.2.2.1).
. . Transmit process is stopped after the
Running Stop transmit command. Stopped current frame, if any, is transmitted.
The following bits are set:
Frame transmission aborts * TDESO0<14>— Transmit jabber timeout
. because a transmit jabber * CSR5<1>—Transmit process stopped
Running . Stopped
timeout (TDES0<14>) was + CSR5<3>—Transmit jabber timeout
detected (Section 2.2.2.1). )

* CSR5<15>—Abnormal interrupt

summary
Transmission is cut off and fatal bus error
Pari q db (CSR5<13>) is set. The 21145 remains in
Running arity error detected by Running the running state.
memory or host bus. )
If a software reset occurs, normal operation
continues.
Transmission is cut off. If CSR4 was not
changed, the position in the list is retained. If
CSR4 was changed, the next descriptor
Running Reset command. Stopped address is fetched from the header list
(CSR4) when the poll demand command is
issued. Transmit process stopped
(CSR5<1>) is set.
Transmit poll demand . Transmit polling resumes from the last list
Suspended . Running S
command issued. position.
Suspended Stop transmit command. Stopped Transmit process stopped (CSR5<1>) is set.
Suspended Reset command. Stopped None.
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Card Information Structure

The Card Information Structure (CIS), also known astuples, is used in CardBus applications to
store card information. Thisinformation is a structure of bytes used by the system software.

The 21145 supports two ways of storing the CIS data:
* Externa expansion ROM
* Seria ROM

Storing the CIS datain the serial ROM eliminates the need for an external expansion ROM and
latches in CardBus applications.

The CIS pointer register islocated in the PCI configuration space (CCIS). Itsformat is defined in
the CardBus specification.

For more information about how to set the CIS pointer, see Appendix C of the 21X4 Serial ROM
Format available from the Intel Developer’'s Website (http://developer.intel.com/).
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3.1

3.2

Note:

This chapter describes the commands and operations of read and write cycles for abus slave and a
bus master. It also explains the initiation of termination cycles by the bus master or bus slave.

Overview

The peripheral component interconnect (PCl) is the physical interconnection used between highly
integrated peripheral controller components and the host system. The 21145 uses the PCI busto
communicate with the host CPU and memory.

The 21145 is directly compatible with the PCI Local Bus Specification, Revision 2.1. The 21145
supports a subset of the PCI-bus cycles (transactions). When communicating with the host, the
21145 operates as a bus slave; when communicating with the memory, as a bus master.

All signals are sampled on the rising edge of the clock. Each signal has a setup and hold aperture

with respect to the rising clock edge. Refer to the 21145 Phoneline/Ethernet LAN Controller
Datasheet for detailed timing information.

Theterm clock cycle, as used in this chapter, refers to the PCI bus clock period specification.

Bus Commands

Table 3-1 lists the bus commands.

Table 3-1. Bus Commands

c_be_I<3:0> Command Type of Support

0000 Interrupt acknowledge Not supported

0001 Special cycle Not supported

0010 1/O read Supported as target

0011 1/0O write Supported as target

0100 Reserved —

0101 Reserved —

0110 Memory read Supported as master and target
0111 Memory write Supported as master and target
1000 Reserved —

1001 Reserved —

1010 Configuration read Supported as target

1011 Configuration write Supported as target

1100 Memory read multiple Supported as master and target™ 2
1101 Dual-address cycle Not supported

1110 Memory read line Supported as master and target™ 2
1111 Memory write and invalidate Supported as master and target 2

1. Master support for this command is controlled by CSRO.
2. As PCl target, the 21145 will respond with a single 32-bit transfer. The second cycle of any multiple read or
write command will cause a PCI disconnect termination. See Section 3.5.
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3.3 Bus Slave Operation

All host accesses to CSRs and configuration registersin the 21145 are executed with the 21145
acting as the slave. The bus slave responds to the following operations:

1/O read

1/0O write

Configuration read
Configuration write
Memory read

Memory write

Memory write invalidate
Memory read line
Memory read multiple

Note: If the 21145 istargeted for aburst I/O or memory operation, it responds with aretry on the second
data transaction.

3.3.1 Slave Read Cycle (I/O or Memory Target)

Figure 3-1 shows atypical slave read cycle. The 21145 I/O read cycle is executed as follows:

1

a &~ w0 D

3-2

The host initiates the slave read cycle by asserting the frame_| signal, driving the address on
the ad lines and driving the bus command (slave read operation) on thec_be | lines.

The 21145 samples the address and the bus command on the next clock edge.
The host deasserts frame_| signal and assertsirdy | signal.
The 21145 asserts devsel_|, and, at the next cycle, drives the data on the ad lines.

The read transaction completes when both irdy | and trdy_| are asserted by the host and the
21145, respectively, on the same clock edge.

The 21145 ignoresc_be | when used as Byte Enable, and acts asif it were 0000 (longword access).
If thec_be | linesare 1111, the ad bus read is 00000000H with correct parity.

The host and the 21145 terminates the cycle by deasserting irdy | and trdy |, respectively.
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Figure 3-1. Slave Read Cycle
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3.3.2 Slave Write Cycle (I/O or Memory Target)

Figure 3-2 shows atypical slave write cycle. The 21145 slave write cycle is executed as follows:

1. Thehost initiates the slave write cycle by asserting the frame_| signal, driving both the address
on the ad lines and the bus command (slave write operation) onthe c_be | lines.

The 21145 samples the address and the bus command on the next clock edge.
The host deasserts frame_| and drives the data on the ad lines along with irdy 1.
The 21145 samples the data, and also asserts both devsel | and trdy _|.

The host and the 21145 complete the write transaction by asserting both irdy | and trdy |,
respectively, on the same clock edge.

The 21145 ignores¢_be | when used as Byte Enable, and acts asif it were 0000 (longword access).
If thec_be | lines are 1111, the write transaction completes normally on the bus, but the write
transaction to the CSR is not executed.

6. The host and the 21145 terminate the cycle by deasserting irdy_| and trdy_I, respectively.

o~ DN

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual 3-3



u
Host Bus Operation I nt9I ®

Figure 3-2. Slave Write Cycle
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Configuration Read and Write Cycles

The 21145 provides away for software to analyze and configure the system before defining any
address assignments or mapping. The 21145 provides 256 bytes of configuration registers.
Chapter 8 describes these registers.

Configuration space accesses support the Byte Enable mask for writes only.

Figure 3-3 shows a configuration read cycle. The host selects the 21145 by asserting idsel. The
21145 responds by asserting devsel_|. The remainder of the read cycle is similar to the slave read
cycle (Section 3.3.1).
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Figure 3-3. Configuration Read Cycle
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3.4 Bus Master Operation

All memory accesses are completed with the 21145 as the master on the PCI bus. The bus master
can perform the following operations:

* Busarbitration
* Memory read cycle
* Memory write cycle

* Termination cycles

34.1 Bus Arbitration

The 21145 uses the PCI central arbitration mechanism with its unique request (req_I) and grant
(gnt_I) signals. Figure 3-4 shows the bus arbitration mechanism. The 21145 bus arbitration is
executed as follows:

1. The 21145 requests the bus by asserting req_|.
2. Thearhiter, in response, asserts gnt_| (gnt_| can be deasserted on any clock).

3. The 21145 ensuresthat itsgnt_| is asserted on the clock edge that it wantsto drive frame |. (If
gnt_| is deasserted, the 21145 does not proceed.)

4. The 21145 deassertsreq_| on the cycle that it asserts frame |.
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Figure 3-4. Bus Arbitration
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The 21145 uses gnt_| according to the following rules:

¢ |f gnt_| is deasserted together with the assertion of frame |, the 21145 continues its bus
transaction.

¢ |f gnt_| isasserted whileframe | remains deasserted, the arbiter can deassert gnt_| at any time.
The 21145 does not assert frame_| until it is granted again.

Memory Read Cycle

The memory read cycle is executed when the 21145 performs one of the following operations:
* Memory read
* Memory read multiple
* Memory read line

The 21145 chooses one of these commands for a memory read cycle according to the conditions
described in the read line enable (CSR0<23>) bit and the read multiple enable (CSR0<21>) bit
descriptions.

The memory read cycleis executed asfollows

1. The 21145 initiates the memory read cycle by asserting frame |. It also drives the address on
the ad lines and the appropriate bus command (memory read, memory read multiple, or
memory read line) on the c_be | lines.

2. The memory controller samples the address and the bus command on the next clock edge.
3. The 21145 assertsirdy_| until the end of the read transaction.

4. During the datatransfer cycles, ¢ _be | indicates which byte lines are involved in each cycle.
The 21145 drives 0000 on the c_be | lines (longword access).

5. The memory controller drives the data on the ad lines and asserts trdy _|.
6. The 21145 samplesthe data on each rising clock edge when both irdy_| and trdy_| are asserted.
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7. The previous two steps can be repeated a number of times.
8. Thecycleisterminated when frame_| is deasserted by the 21145.
9. Signal irdy_| is deasserted by the 21145 and trdy | is deasserted by the memory controller.
Figure 3-5 showsthe memory read cycle.
Figure 3-5. Memory Read Cycle

CLK 1 2 3 4 5 6

7 8
frame  \ /S
ad Daa1 X Daaz X Data-3 X patas
c_be_| _< Command
\ T\
irdy | —\
devsel_| \

T TT
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3.4.3 Memory Write Cycle

The memory write cycleis executed when the 21145 performs one of the following operations:
* Memory write

* Memory write and invalidate

The 21145 chooses one of these commands for a memory write cycle according to the conditions
described in the memory write and invalidate enable (CSR0<24>) bit description.
The memory write cycleis executed as follows:

1. The 21145 initiates the memory write cycle by asserting frame_|. It also drives the address on
the ad lines and the appropriate bus command (memory write or memory write and invalidate)
onthec be I lines.

2. The 21145 assertsirdy | until the end of the transaction and drives the data on the ad lines.

3. The memory controller samples the address and the bus command on the next clock edge and
asserts devsel .

4. During the datatransfer cycles, the c_be | linesindicate which byte lines areinvolved in each
cycle. The 21145 drives 0000 on the c_be | lines (longword access).

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual 3-7



u
Host Bus Operation I nt9I ®

5. The memory controller samples the data and assertstrdy |. Each data cycle is completed on
the rising clock edge when both irdy | and trdy | are asserted.

6. The previous two steps can be repeated a number of times.
7. The 21145 terminates the cycle by deasserting frame 1.
8. The 21145 deassertsirdy_| and the memory controller deassertstrdy |.

Figure 3-6 shows the memory write cycle.

Figure 3-6. Memory Write Cycle

CLK 1 2 3 4 5 6 7

frame_| _\ /
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c_be_| Bus Command X be_I-1 X ez X bers X obets }—
trdy,_| \ /7
irdy | —\
devsel_| \

—
—
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3.5 Termination Cycles

Termination cycles can be initiated during either slave or master cycles.

35.1 Slave-Initiated Termination

A slave-initiated termination can occur when the 21145 operates as a slave device on the PCI bus.
A slave can initiate the following types of terminations:
¢ Disconnect

* Retry
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Disconnect Termination

The 21145 initiates disconnect termination in slave mode when it is accessed by the host with I/O
or memory burst cycles. The 21145 asserts stop_| to request the host to terminate the transaction.
After stop | is asserted, it remains asserted until frame_| is deasserted.

Figure 3-7 shows the disconnected device (the host) releasing the bus. The host retriesthe last data
transaction after acquiring the busin a different arbitration.

Figure 3-7. 21145-Initiated Disconnect Cycle

3.5.1.2
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Retry Termination

The 21145 initiates retry termination in slave mode when one of the following transactions occur:

* The 21145 registers CSR9 and CSR10 are accessed by the host, while the 21145 is still
handling either a previous expansion ROM or serial ROM access.

* The 21145 configuration registers CSID and CCI S are accessed by the host, before their
contents are loaded from the serial ROM.

The 21145 does not assert trdy_| in response to these host accesses. It asserts stop_| requesting that
the host terminate the transaction. Signal stop_| remains asserted until irdy | is deasserted.

Figure 3-8 shows the retried device (the host) releasing the bus. The host retries the last data
transaction after acquiring the busin a different arbitration.
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Figure 3-8. 21145-Initiated Retry Cycle

3.5.2

3.5.2.1
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Master-Initiated Termination

A master-initiated termination can occur when the 21145 operates as a master device on the PCI
bus. Terminations can be issued by either the 21145 or the memory controller.

The 21145 can perform the following terminations:
* Normal completion
¢ Timeout
* Master abort

The memory-controller can perform the following terminations (target):
* Target abort
* Target disconnect

* Target retry

21145-Initiated Termination

A 21145-initiated termination occurs when frame_| is deasserted and irdy_| is asserted. This
indicates to the memory controller that the final data phase isin progress. The final data transfer
occurswhen bothirdy_| and trdy_| assert. The transaction compl etes when both frame_| and irdy_|
deassert. Thisis an idle bus condition.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual



u
I nt9I ® Host Bus Operation

Normal Completion

Figure 3-9 shows a normal completion cycle termination. This indicates that the 21145
successfully completed its intended transaction.

Figure 3-9. Normal Completion
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Timeout

A timeout cycle termination occurs when the gnt_| line has been deasserted by the arbiter and the
21145 internal latency timer has expired. However, the intended transaction has not completed. A
maximum of two additional data phases are permitted and then the 21145 performs a normal
transaction completion.

Master Abort

If the target does not assert devsel_| within five cycles from the assertion of frame_|, the 21145
performs a normal completion. It then rel eases the bus and asserts both master abort (CFCS<29>)
and fatal bus error (CSR5<13>). Figure 3-10 shows the 21145 master abort termination.

Figure 3-10. Master Abort
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3.5.2.2

Memory-Controller-Initiated Termination

The memory controller or target can initiate certain terminations when the 21145 is the bus master.
Target Abort

The 21145 aborts the bus transaction when the target asserts stop | and deasserts devsel _I. This
indicates that the target wants the transaction to be aborted. The 21145 rel eases the bus and asserts

both received target abort (CFCS<28>) and fatal bus error (CSR5<15>). Figure 3-11 shows the
21145 target abort.

Figure 3-11. Target Abort
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Target Disconnect Termination

The 21145 terminates the bus transaction when the target asserts stop_I, which remains asserted until
frame | is deasserted. The 21145 releasesthe bus. Then, it retries at least the last data transaction after
regaining the bus in another arbitration. Figure 3-12 shows the 21145 target disconnect.
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Figure 3-12. Target Disconnect

frame_| /
irdy | /
trdy,_| /
\ /
devsel_| /
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Target Retry

The 21145 retries the bus transaction when the target asserts stop_| and deasserts trdy |; stop_|
remains asserted until frame_| is deasserted. The 21145 releases the bus. Then, it retries at |east the
last two data transactions after regaining the bus in another arbitration. Figure 3-13 shows the
21145 target retry.

Figure 3-13. Target Retry
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3.6

Parity

The 21145 supports parity generation on al address, data, and command bits. Parity is always
checked and generated on the 32-bit address and data bus (ad) as well as on the four command
(c_be I) lines. The 21145 always transfers stable values (1 or 0) on all thead and c¢_be | lines. If a
data parity error is detected or perr_| is asserted when the 21145 is a bus master, the 21145 asserts
data parity report (CFCS<24>) and fatal bus error (CSR5<13>).

Figure 3-14 shows an example of parity generation on a memory write burst transaction. Note that
valid parity is generated one cycle after the address and data segments were generated on the bus.
One cycle after the assertion of the address parity, serr_| is asserted for one cycle because of an
address parity error during slave operation. One cycle after the assertion of the data parity, perr_| is
asserted because of a parity data error in either slave write or master read operations.

Figure 3-14. Parity Operation

3.7
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Parking

Parking in the PCI bus allows the central arbiter to pause any selected agent. The 21145 enters the
parking state when the arbiter assertsits gnt_| line whilethe busisidle.
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3.8 PCIl/CardBus Clock Control through Clkrun

In order to reduce power consumption during idle time, a PCI/CardBus system can dynamically
control the bus clock using the clkrun_| line. The host asserts this line to indicate normal operation
of the system clock. It may deassert this line to indicate to devices connected to the bus that the
clock is going to be stopped or slowed down to a nonoperational frequency. A device connected to
the bus may reject the request to stop the clock by asserting clkrun_| line.

The 21145 requests that the system clock be maintained when one or more of the following
conditionsistrue:

PCI slave or master accessisin progress

Serial ROM interface is active

Expansion ROM port is active

Transmit isin progress

Receiveisin progress

Carrier is sensed

Link pass or link fail interrupt is pending

Hardware or software reset isin progress

The 21145 is set to normal mode and isnot in D2 or D3
FuncO_HwOptions<4> (EnableCLKRUN) in the serial ROM is cleared
Receive interrupt is pending for timer expiration in the interrupt mitigation mechanism
Modem interrupt is pending (176-pin device only).

Themdm_rst pin is asserted (176-pin device only)

The 21145 requests that the system clock be restored, when one or more of the following events occur:

PCI dlave access

Carrier issensed onthe LAN
Power-management event was detected
Link change event was detected
Autonegotiation is completed

A modem interrupt is pending (176-pin device only).
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Figure 3-15 shows the PCl/CardBus clock restart or speed-up timing characteristics.

Figure 3-15. PCl/CardBus Clock—Restart or Speed-Up

|
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Figure 3-16 shows the maintaining PCI/CardBus clock timing characteristics.

Figure 3-16. PCl/CardBus Clock—Maintaining Speed

/

Driven by Host Pull-up Enabled Driven by Host

Driven by Host
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While the PCI/CardBus clock is stopped through clkrun, interrupts from the general -purpose port
are not issued.
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This chapter describes the operation of the MI11/SYM port, the 10BASE-T port, and the HomePNA
port. It also describes media access control (MAC), loopback, and full-duplex operations.
Appendix C and Table 8-86 through Table 8-90 describe the port sel ection procedure.

For operation, the 21145 must be provided with a20 MHz signal.

4.1 MII/SYM Port

This section provides a description of the 100BASE-T terminology, the interface, the signals used,
and the operating modes.

4.1.1 100BASE-T Terminology

This subsection provides a description of the 100BASE-T terminology used for the M11/SYM port.
A list of these terms follows:

Media-independent interface (MI1) is defined between the media access control (MAC)
sublayer and the physical layer protocol (PHY) layer.

Physical coding sublayer (PCS) is a sublayer within the PHY defined by 100BASE-T. The
PCS implements the higher level functions of the PHY.

100BASE-T isageneric term that refersto all membersin the IEEE 802.3 family of 100 Mb/s
carrier-sense multiple access with collision detection (CSMA/CD) standards.

100BASE-T4 isthe standard |EEE 802.3 for 100 Mb/s, using unshielded twisted-pair (UTP)
category 3 (CAT3) cables.

100BASE-X refersto al members of the IEEE 802.3 family contained in the 100 Mb/s
CSMA/CD standard. It implements a specific physical medium attachment (PMA) and PCS.
Members of this family include 100BASE-TX and 100BASE-FX.

100BASE-TX refersto the IEEE 802.3 PHY layer, which includes the 100BASE-X PCS and
PMA together with the physical layer medium dependent (PMD). It uses UTP category 5
(CAT5) cables and STP cables.

100BASE-FX refersto the IEEE 802.3 PHY layer, which includes the 100BASE-X PCS and
PMA together with the PMD. It uses multimode fiber.

4.1.2 Interface Description

The MII port isan IEEE 802.3 compliant interface that provides asmple, inexpensive, and easily
implemented interconnection between the MAC sublayer and PHY layer. It also interconnectsthe PHY
layer devices and station management (STA) entities. Thisinterface has the following characteritics.

Supports both 100 Mb/s and 10 Mb/s data rates
Contains data and delimiters that are synchronous to clock references

Provides independent, 4-bit-wide transmit and receive data paths
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* UsesTTL signal levels, compatible with both TTL and CMOS logic types
* Provides a simple management interface
4121 Signal Standards

Table 4-1 provides the standards that reference the M11/SYM port signal names with the
appropriate |[EEE 802.3 signal names.

Table 4-1. IEEE 802.3 and MII/SYM Signals

IEEE 802.3

MII/SYM Signals Signals

Purpose

Collision detect is asserted by the PHY layer when it detects a
collision on the medium. It remains asserted while this condition
persists.

mii_clsn coL For the 10 Mb/s implementation, collision is derived from the
signal quality error of the PMA. For the 100 Mb/s
implementation, collision is defined for each PHY layer
separately.

Carrier sense is asserted by the PHY layer when either the

mil_crs CRS transmit or receive medium is active (not idle).

Receive data valid is asserted by the PHY layer when the first
mii_dv RX_DV received preamble nibble is driven over the MII/SYM and
remains asserted for the remainder of the frame.

Receive error is asserted by the PHY layer to indicate either a
coding error or any other type of error that the MAC cannot

mil_rx_err RX_ERR detect was received. This error was detected on the frame
currently being received and transferred over the MII/SYM.
mii mdc MDC Management data clock is the clock reference for the mii_mdio
- signal.
Management data input/output is used to transfer control
. . signals between the 21145 and the MIl PHY. The 21145 is
mii_mdio MDIO AR )
- capable of initiating the transfer of control signals to and from
the PHY device by using this line.
mii/sym_rclk RX_CLK Receive clock synchronizes all receive signals.
mii/sym_rxd<3:0> RXD<3:0> These lines provide receive data.
mii/sym_tclk TX_CLK Transmit clock synchronizes all transmit signals.
mii/sym_txd<3:0> TXD<3:0> These lines provide transmit data.

Transmit enable is asserted by the MAC sublayer when the first
mii_txen TX_EN transmit preamble nibble is driven over the MII/SYM and
remains asserted for the remainder of the frame.

Note:

The remaining three signals are activated when the MII/SYM port uses the 21145 PCS function for
100Base-TX or 100Base-FX operation.

sd — Signal detect indication is supplied by an external PMD device.
sym_rxd<4> — This line is used for receive data.
sym_txd<4> — This line is used for transmit data.
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Note:
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Operating Modes

The 21145 implements the MI11/SY M port signas (Table 4-1) to support the following operating modes:
* MIl 100 Mb/s mode—The 21145 implements the MIl with a data rate of 100 Mb/s and both

the receive clock (mii/sym_rclk) and the transmit clock (mii/sym_tclk) operate at 25 MHz.
In this mode, the 21145 can be used with any device that implements the 100BASE-T PHY
layer (for example, 100BASE-TX, 100BASE-FX, or 100BASE-T4) and an MII.

MII 10 Mb/s mode—The 21145 implements the MIl with a data rate of 10 Mb/s and both the
receive clock mii/lsym_rclk and the transmit clock mii/sym_tclk operate at 2.5 MHz. In this mode,
the 21145 can be used with any device that implements the 10 Mb/s PHY layer and an MII.

100BASE-TX mode—The 21145 implements certain functions of the PCS for STP PMD and
UTP CAT5 PMD. The receive symbols are 5 bits wide and are transferred over the
mii/sym_rxd<3:0> and sym_rxd<4> lines. The transmit symbols are also 5 bits wide and are
transferred over the mii/sym_txd<3:0> and sym_txd<4> lines. The 21145 implements the
following functions:

— 4-bit and 5-bit decoding and encoding

— Start-of-stream delimiter (SSD) and end-of-stream delimiter (ESD) detection and generation
— Bit alignment

— Carrier detect

— Collision detect

— Symbol error detection

— Scrambling and descrambling

— Link timer

100BASE-FX mode—The 21145 implements certain functions of the PCS sublayer for
multimode fiber. The receive symbols are 5 bits wide and are transferred over the
mii/sym_rxd<3:0> and sym_rxd<4> lines. The transmit symbols are also 5 bits wide and are
transferred over the mii/sym_txd<3:0> and sym_txd<4> lines. The 21145 implements the
following functions:

— 4-bit and 5-bit decoding and encoding
— SSD and ESD detection and generation
— Bit alignment

— Carrier detect

— Collision detect

— Symbol error detection

— Link timer

This mode enables a direct interface with existing FDDI TP-PMD devices that implement the
physical functions.

The SSD detection logic compares the incoming data to JK and not to 1JK (this complies with
IEEE 802.3, draft number 2).
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4.2

4.2.1

4.2.2

4.2.3

4.2.4

4-4

10BASE-T Port

The 10BASE-T protocol includes the following functions:
* Supports datadriver and is receiver compatible with 10BASE-T specifications
¢ Implements Manchester decoder for incoming data
¢ Implements Manchester encoder for outgoing data
¢ Contains on-chip, 20 MHz crystal oscillator circuitry
¢ Enables watchdog timers on incoming and outgoing data
* Contains 10BASE-T enhanced features that include:
— Smart squelch, rejecting noise detected by the 10BASE-T receiver interface

— Combined autopolarity and link test detection, presenting a robust algorithm for detection
of both wire failure and switching of wires. Polarity correction is automatically done,
while wire failure is reported to higher layers.

Manchester Decoder

The Manchester decoder is a phase-locked loop decoder that provides received clocks and data to
the media access control (MAC) interfa&e¢tion 4.4.

Manchester Encoder

The Manchester encoder receives clocked data from the transmit engine and uses the 20 MHz clock
to provide Manchester encoded data. The encoder provides the transition to idle for the TP drivers.

Oscillator Circuitry

The 21145 supports two options for generating internal 10 MHz clock required by the internal circuitry.

1. An external parallel resonant crystal connected between xtall and xtal2 to drive the 21145-
integrated oscillator circuitry.

2. An external clock generator module connected to xtall; xtal2 remains unconnected.

For circuitry characteristics, see 45 Phoneline/Ethernet LAN Controller Datasheet.

Smart Squelch

The 21145 implements an intelligent squelch on its TP receiver to ensure that impulse noise
detected on the receive inputs is not mistaken for valid signals. The squelch circuitry employs a
combination of both amplitude and timing measurements to determine the validity of data received
on the TP inputs.

The squelch circuit allows only valid differential receive data to pass through to the Manchester
decoder provided that the following two conditions are satisfied:

1. The input amplitude is greater than the minimum signal threshold level.

2. A specific pulse sequence is received.
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Satisfying these two conditions ensures that a good signal-to-noise ratio is maintained while the
signal pair is active, and it prevents system noise from causing false squelch deactivation.

The line squelch quickly activates and deactivates within the specified time intervals, when the
input squelch threshold is exceeded and a specific pulse sequence of proper polarity is detected.

The squelch circuitry rejects system noise by ignoring received pulses that are less than the
required fixed time width. It also rejects pulses that are greater than the expected signal duration.

4.2.5 Autopolarity Detector

The autopolarity detector (CSR14<13>) provides a method of detecting receive wire polarity by
switching the polarity of the data going into the MAC layer accordingly. To detect polarity, the
21145 uses the link test pulse and the end-of-frame delimiter in an algorithm integrated into the
link integrity test, as specified in the |IEEE 802.3 10BASE-T supplement.

4.2.6 10BASE-T Link Integrity Test

Before transmitting on an Ethernet CSMA/CD network, each device has to check the reliability of
its receive lines. In the twisted-pair (TP) case, link pulses are sent every 8 msto 24 ms at the
interval between two transmissions.

The 21145 monitors the received link pulses and end-of-frame delimiters to be spaced and
electrically shaped as specified in the IEEE 802.3 10BASE-T supplement. Accordingly, the 21145
implements the Link Integrity Test.

After asoftware or hardware reset, the 21145 wakes up in the link fail state. In this state, only link
pulses are sent onto the transmit lines. Upon detection of the required line activity, and
autonegotiation completion (if enabled), the 21145 enters the link pass state enabling the receive
and transmit paths.

A broken or noisy wire can bring the 21145 back to the link fail state. It will then report the wire
failure by generating alink fail interrupt to the host and will immediately stop the receive and
transmit paths. These paths will not be enabled again until the Link Integrity Test ends successfully.

4.3 HomePNA Port

The HomePNA port interfaces the 21145's IEEE 802.3 MAC to the 21145's integrated HomePNA
PHY, providing CSMA/CD networking on residential telephone line media. For detailed
information on HomePNA refer to thtéome Phoneline Networking Alliance PHY Specification

available from the Home Phoneline Network Alliance wel{itg://www.homepna.org/).

HomePNA PHY Functions:

* Includes Analog Front End to interface telephone line (via RJ11 jack); the integrated envelope
detector may be bypassed to connect to an external one.

¢ Implements symbol decoding for incoming data using HomePNA modulation.
¢ Implements symbol encoding for outgoing data using HomePNA modulation.

* Strips off Ethernet MAC preamble and Start Frame Delimiter (SFD) and replaces them with
HomePNA header on transmitted packets.
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¢ Strips off the HomePNA header and replaces it with Ethernet MAC preamble and Start Frame
Delimiter on received packets.

¢ Uses amodulation frequency of 7.5 MHz.

* Provides telephone line noise filtering.

Programmable Parameters:
* Provides PHY transmission power level control.
¢ Offers speed control (1 Mb/s or 0.7 Mb/s).
* Noisefiltering.
In-Band Control Features:
* Providesreceiver automatic adjustment to one of two speeds.

* Supports two transmit power levels and two transmit speeds remotely set by master
HomePNA station.

* Supportsthe PCOM field.

4.4 Media Access Control Operation

The 21145 supports a full implementation of the MAC sublayer of IEEE 802.3. It can operate in
half-duplex mode, full-duplex mode, and loopback mode.

All Ethernet MAC frame information in this section a so applies to HomePNA, unless noted
otherwise; note that there are no Link Pulses and no Full-Duplex Mode on the HomePNA medium.

441 MAC Frame Format

The 21145 handles | EEE 802.3 and Ethernet MAC frames. While operating in either the
100BASE-FX mode or 100BASE-TX mode, the 21145 encapsul ates the frames it transmits
according to the |IEEE 802.3, clause 24. Receive frames are decapsul ated according to the IEEE
802.3, clause 24.

While operating in HomePNA mode, the 21145 encapsul ates transmitted frames and decapsul ates
received frames according to the Home Phoneline Networking Alliance PHY Specification.

44.1.1 Ethernet/IEEE 802.3 and HomePNA Frames

CSMA/CD isthe generic namefor the network type. A CSMA/CD frame has aminimum length of
64 bytes and amaximum length of 1518 bytes, exclusive of the preamble and the start frame delimiter.

A CSMA/CD frame consists of the following parts:
* Preamble
¢ Start frame delimiter (SFD)
* Two addressfields
¢ Typeor length field
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¢ Frame check sequence (CRC value)

In HomePNA, the preamble and SFD are as specified in the Home Phoneline Networking Alliance

PHY Specification.

4.4.1.2 CSMA/CD Frame Format Description

Figure 4-1 shows the CSMA/CD frame format.
Figure 4-1. CSMDA/CD Frame Format

))

Destination Source Type/ (
Preamble | SFD Address Address Le)r/%th Data )) CRC
[(¢
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Numbers in parentheses indicate field length in bytes.
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Table 4-2 describes the CSMA/CD frame format.

Table 4-2. CSMDA/CD Frame Format

Field

Description

Preamble

A 7-byte field of 56 alternating 1s and Os, beginning with a 0.

SFD—Start frame
delimiter

A 1-byte field that contains the value 10101011; the most significant bit is transmitted
and received first.

Destination address

A 6-byte field that contains either a specific station address, the broadcast address,
or a multicast (logical) address where this frame is directed.

Source address

A 6-byte field that contains the specific station address where this frame originated.

Typel/length

A field value greater than 1500 is interpreted as an Ethernet type field, which defines
the type of protocol of the frame.

A field smaller than or equal to 1500 (05-DCH) is interpreted as an IEEE 802.3
length field, which indicates the number of data bytes in the frame.

Data

A data field consists of 46 bytes to 1500 bytes of information that is fully transparent
because any arbitrary sequence of bits can occur.

A data field shorter than 46 bytes, which is specified by the length field, is allowed.
Unless padding is disabled (TDES1<23>), it is added by the 21145 when
transmitting to fill the data field up to 46 bytes.

CRC

A frame check sequence is a 32-bit cyclic redundancy check (CRC) value that is
computed as a function of the destination address field, source address field, type
field, and data field. The FCS is appended to each transmitted frame, and is used
at reception to determine if the received frame is valid.

Table 4-3 lists the possible values for the frame format. The values are expressed in hexadecimal
notation and the 2-byte field is displayed with a hyphen separating the 2 bytes. The byte on the left
of the hyphen isthe most significant byte and is transmitted first.
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Table 4-3. Frame Format Table

Frame Format Length or Type Hexadecimal Value
IEEE 802.3 Length field 00-00 to 05-DC
Ethernet Type field 05-DD to FF-FF

The CRC polynomial, as specified in the Ethernet specification, is as follows:

FCS(X):X31+X26+X23+X22+X16+X12+x11+X10+X8+X7+X5+X4+X2+xl+1

The 32 bits of the CRC value are placed in the FCS field so that the X3 termisthe right-most bit
of thefirst octet, and the X9 term is the left-most bit of the last octet. The bits of the CRC are thus
transmitted in the order X3, x30, .. x1 X0

4.4.2 MAC Reception Addressing

The 21145 can be set up to recognize any one of the MAC receive address groups described in
Table 4-4. Each group is separate and distinct from the other groups.

Table 4-4. MAC Receive Address Groups (Sheet 1 of 2)

Group

Description

16-address perfect filtering

The 21145 provides support for the perfect filtering of up to 16 Ethernet physical or multicast
addresses. Any mix of addresses can be used for this perfect filter function of the 21145. The 16
addresses are issued in setup frames to the 21145.

One physical address, unlimited multicast addresses imperfect filtering

The 21145 provides support for one, single physical address to be perfectly filtered with an
unlimited number of multicast addresses to be imperfectly filtered. This case supports the needs
of applications that require one, single physical address to be filtered as the station address, while
enabling reception of more than 16 multicast addresses, without suffering the overhead of pass-
all-multicast mode. The single physical address, for perfect filtering, and a 512-bit mask, for
imperfect filtering using a hash algorithm, are issued in a setup frame to the 21145. When hash
hits are detected, the 21145 delivers the received frame (Section 4.2.3). Note that imperfect
filtering can only be used in the DO power state.

Unlimited physical addresses, unlimited multicast addresses imperfect filtering

The 21145 provides support for unlimited physical addresses to be imperfectly filtered with an
unlimited number of multicast addresses to be imperfectly filtered as well. This case supports
applications that require more than one physical address to be filtered as the station address,
while enabling the reception of more than 16 multicast addresses, without suffering the overhead
of pass-all-multicast mode. A 512-bit mask, for imperfect filtering using a hash algorithm, is issued
in a setup frame to the 21145. When hash hits are detected, the 21145 delivers the received frame
(Section 4.2.3). Note that imperfect filtering is only available in the DO power state.
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4.4.3
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4.4.3.2

Network Interface Operation

MAC Receive Address Groups (Sheet 2 of 2)

Group Description

Promiscuous Ethernet reception

4 The 21145 provides support for reception of all frames on the network regardless of their
destination. This function is controlled by a CSR bit. This group is typically used for network
monitoring.

16-address perfect filtering and reception of all multicast Ethernet addresses

5 This group augments the receive address Group 1 and also receives all frames on the Ethernet
with a multicast address.

16-address inverse filtering

In this mode, the 21145 applies the reverse filter of Group 1. The 21145 provides support for the
6 rejection of up to 16 Ethernet physical or multicast addresses. Any mix of addresses may be used
for this filter function of the 21145. The 16 addresses are issued in setup frames to the 21145. This
mode can only be used in the DO power state.

Detailed Transmit Operation

This section describes the transmit operation in detail, as supported by the 21145. This description
includes the specific control register definitions, setup frame definitions, and a mechanism used by
the host processor software to manipul ate the transmit list (that is, the descriptors and buffers that
can be found in Section 4.2).

Transmit Initiation

The host CPU initiates atransmit by storing the entire information content of the frame to be
transmitted in one or more buffers in host memory. The host processor software prepares a
companion transmit descriptor, also in host memory, for the transmit buffer and signals the 21145
to takeit. After the 21145 has been notified of this transmit list, the 21145 starts to move the data
bytes from the host memory to the internal transmit FIFO.

When the transmit FIFO is adequately filled to the programmed threshold level, or when thereisa
full frame buffered into the transmit FIFO, the 21145 begins to encapsul ate the frame.

The threshold level can be programmed with various quantities (Table 8-61). The lower threshold
isfor low bus latency systems and the high threshold is for high bus latency systems.

The transmit encapsulation is performed by the transmit state machine, which delays the actual
transmission of the data onto the network until the network has been idle for a minimum
interpacket gap (IPG) time.

Frame Encapsulation

The transmit data frame encapsulation stream consists of appending the 56 preambl e bits together
with the SFD to the basic frame beginning and the FCS (for example, CRC), to the basic frame end.

The basic frame read from the host memory includes the destination address field, the source
address field, the type/length field, and the data field. If the datafield length is less than 46 bytes,
and padding (TDES1<23>) is enabled, the 21145 pads the basic frame with the pattern 00 for up to
46 bytes before appending the FCS field to the end.
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4433

4434

4-10

Note:

While operating either in 100BASE-FX mode or 100BASE-TX mode, the 21145 encapsul ates the
frames it transmits according to |EEE 802.3, clause 24 and the receive frames are decapsul ated as
defined in IEEE 802.3, clause 24.

The changes between a MAC frame (Section 4.4.1) and the encapsulation used when operating
either in 100BASE-TX or 100BASE-FX modes are listed as follows:

1. Thefirst byte of the preamble in the MAC frame is replaced with the JK symbol pair.
2. After the FCS byte of the MAC frame, the TR symbol pair isinserted.

Initial Deferral

The 21145 constantly monitors the line and can initiate a transmission any time the host CPU
requestsit. Actua transmission of the data onto the network occurs only if the network has been
idle for a 96-bit time period, and any backoff time requirements have been satisfied.

The IPG timeis divided into two parts: IPS1 and IPS2.

1. IPS1 time (60-bit times): the 21145 monitors the network for anidle state. If acarrier is sensed
on the seria line during thistime, the 21145 defers and waits until the lineisidle again before
restarting the | PS1 time count.

2. IPS2 time (36-bit times): the 21145 continues to count time even though a carrier has been
sensed on the network, and thus forces collisions on the network. This enables all network
stations to have access to the serial line.

Collision

A collision occurs when concurrent transmissions from two or more Ethernet nodes take place.
When the 21145 detects a collision while transmitting, it halts the transmission of the data, and
instead, transmits ajam pattern. At the end of the jam transmission, the 21145 begins the backoff
wait period.

If the collision was detected during the preambl e transmission, the jam pattern is transmitted after
completing the preamble (if the 21145 isin 100BASE-FX or 100BASE-TX operating modes, this
includes the JK symbol pair as described in Section 4.4.4.2.2). This action results in a minimum
96-bit fragment.

The 21145 scheduling of retransmission is determined by a controlled randomization process
called truncated binary exponential backoff. The delay is an integer multiple of slot times. The
number of dot times of delay before the nth retransmission attempt is chosen as a uniformly
distributed random integer r in the range:

O<r<2X

k =min (n,N) and N = 10
When 16 attempts have been made at transmission and all have been terminated by a collision, the

21145 sets an error status bit in the descriptor (TDES0<8>) and, if enabled, issues a normal
transmit termination (CSR5<0>) interrupt to the host.

Thejam patternisafixed pattern that is not compared with the actual frame CRC. This hasthevery
low probability (0.532) of having ajam pattern equal to the CRC.
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Terminating Transmission

A specific frame transmission is terminated by any of the following conditions:

Normal—The frame has been transmitted successfully. When the last byte is serialized, the
pad and CRC are optionally appended and transmitted, thus concluding frame transmission.

Underflow—Transmit data is not ready when needed for transmission. The underflow status
bits (TDESO0<1> and CSR5<5>) are set, and the packet is terminated on the network with a
bad CRC.

Excessive collisions—If a collision occurs for the 15th consecutive retransmission attempt of
the same frame, TDES0<8> is set.

Jabber timer expired—If the timer expires (TDES0<14> sets) while transmission continues,
the programmed interval transmission is cut off.

Memory error—This generic error indicates either a host bus timeout or a host memory error.

Late collision—If a collision occurs after the collision window (transmitting at least 64 bytes),
transmission is cut off and TDES0<9> sets.

At the completion of every frame transmission, status information about the frame is written into
the transmit descriptor. Status information is written into CSR5 if an error occurs during the
operation of the transmit machine itself. If a normal interrupt summary (CSR7<16>) is enabled, the
21145 issues a normal transmit termination interrupt (CSR5<0>) to the host.

Transmit Parameter Values

Table 4-5lists the transmit parameter values for both the 10 Mb/s and 100 Mb/s serial bit rates.

Table 4-5. Transmit Parameter Values

Parameter Condition Value

Defer time IPS1+IPS2=96-bit time period | —

IPS1 — 60-bit time period

IPS2 — 36-bit time period

Slot time interval — 512-bit time period

Network acquisition time — 512-bit time period

Transmission attempts — 16

Backoff limit — 10

Jabber timer Default 16,000-bit to 20,000-bit time period
Jabber timer Programmable range 26,000-bit to 32,000-bit time period
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4.4.4 Detailed Receive Operation

This section describes the detailed receive operation as supported by the 21145. This description
includes the specific control register definitions, setup frame definitions, and a mechanism used by
the host processor software to manipulate the receive list (that is, the descriptors and buffers that
can befound in Section 4.2).

4441 Receive Initiation

The 21145 continuously monitors the network when reception is enabled. When activity is
recoghized, it starts to process the incoming data. After detecting receive activity on theline, the
21145 starts to process the preamble bytes based on the mode of operation.

4.4.4.2 Preamble Processing

Preamble processing varies depending on the 21145 operating mode. The next two subsections
describe how this processing is handled.

44421 MII/SYM and 10BASE-T Mode Preambles

In MII/SYM and 10BASE-T, the preamble, as defined by Ethernet, can be up to 64 bits (8 bytes)
long.

The 21145 allows any arbitrary preamble length. However, depending on the mode, thereisa
minimum preamble length.

* In MII/SYM mode, at |east 8 bits are required to recognize a preamble.
* |n10BASE-T, at least 16 bits are required to recognize a preamble.

* Whilein Snooze mode, at least 20 bits are required to recognize a preamble. Thisis true for
MII/SYM and 10BASE-T. Some PHY devices do not provide 20 bits of preamble to the MAC,
so if Snooze mode is to be used, it must be verified that the PHY device used provides at least
20 bitsto the 21145,

Recognition occurs as follows:
* InMII/SYM mode, the 21145 checksfor the start frame delimiter (SFD) byte content of 10101011.
* In10BASE-T:
— The first 8 preamble bits are ignored.

— The 21145 checks for the start frame delimiter (SFD) byte content of 10101011.
While checking for SFD, if the 21145 receives an 11b (before receiving 14 bits in 10BASE-T or 6
bits in MII/SYM mode) or a 00b (everywhere), the reception of the current frame is aborted. The
frame is not received, and the 21145 waits until the network activity Septidn 4.4.4 lbefore
monitoring the network activity for a new preamble.

Figure 4-2shows the preamble recognition sequence bit fields.
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Figure 4-2. Preamble Recognition Sequence in 10BASE-T
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100BASE-TX or 100BASE-FX Mode Preambles

When operating in either 100BASE-TX or 100BASE-FX mode, the 21145 expects the frame to start
with the symbol pair KK followed by the preamble, as specified in Section 4.4.4.2.1. If aJK symbol
pair is not detected, the reception of the current frame is aborted (not received), and the 21145 waits
until the network activity stops before monitoring the network activity for anew preamble.

Address Matching

Ethernet addresses consist of two 6-byte fields: one field for the destination address and one for the
source address. Thefirst bit of the destination address signifies whether it isaphysical address or a
multicast address as listed in Table 4-6.

Destination Address Bit 1

Bit 1 Address
0 Station address (physical)
1 Multicast address

The 21145 filters the frame based on the Ethernet receive address group filtering mode that has
been enabled (Section 4.4.2).

If the frame address passes thefilter, the 21145 removes the preambl e and delivers the frame to the
host processor memory. If, however, the address does not pass the filter when the mismatch is
recognized, the 21145 terminates its reception. In this case, no datais sent to the host memory nor
is any receive buffer consumed.

If receive al (CSR6<30>) is set, the 21145 receives al incoming packets, regardless of the
destination address. The address recognition status is posted in RDES0<30>.

Frame Decapsulation

The 21145 checks the CRC bytes of all received frames before releasing them to the host processor.
When operating in either 100BASE-TX or 100BA SE-FX mode, the 21145 also checks that the frame
ends with the TR symbol pair; if not, the 21145 reports a CRC error in the packet reception status.
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4.4.4.5 Terminating Reception

Reception of a specific frameis terminated when any of the following conditions occur:

* Normal termination—The network activitéction 4.4.4 Jistops for the various operating
modes.

* Overflow—The receive DMA cannot empty the receive FIFO into host processor memory as
rapidly as it is filled, and an error occurs as frame data is lost.

¢ Watchdog timer expired—If the timer expires (CSR5<9> and RDES0<4> both set) while
reception is still in process.

¢ Collision—If a late collision occurs after the reception of 64 bytes of the packet, the collision
seen status bit RDES0<6> is set.

4.4.4.6 Frame Reception Status

When reception terminates, the 21145 determines the status of the received frame and loads it into
the receive status word in the buffer descriptor. An interrupt is issued if enabled. The 21145 may
report the following conditions at the end of frame reception:

* CRC error—The 32-bit CRC transmitted with the frame did not match the CRC calculated
upon reception. The CRC check is always executed and is independent of any other errors. In
addition, the 21145 reports a CRC error in any of the following cases:

— The mii_err signal asserts during frame reception over the MIl when operating in one of
the MIl operating modes.

— The 21145 is operating in either the 100BASE-TX or 100BASE-FX mode and one of the
following events occur:

* An invalid symbol is received in the middle of the frame.
* The frame does not end with the symbol T followed by the symbol R.

¢ Dribbling bits error—This indicates the frame did not end on a byte boundary. The 21145
signals a dribbling bits error only if the number of dribbling bits in the last byte is 4 in Ml
operating mode, or at least 3 in 10BASE-T serial operating mode wbaolg bytes are run
through the CRC check. This means that although up to 7 dribbling bits may have occurred
and a framing error was signaled, the frame might nevertheless have been received correctly.
This condition must be ignored in HomePNA mode.

¢ Alignment error—A CRC error and a dribbling bit error occur together. This means that the
frame did not contain an integral number of bytes and the CRC check failed.

* Frame too short (runt frame)—A frame containing less than 64 bytes was received (including
CRC). Reception of runt frames is optionally selectable. The 21145 defaults to inhibit
reception of runts.

* Frame too long—A frame containing more than 1518 bytes (including CRC) was received.
Reception of frames too long completes with an error indication.

¢ Collision seen—A frame collision occurred after the 64 bytes following the Start Frame
Delimiter (SFD) were received. Reception of such frames is completed and an error bit is set
in the descriptor.

¢ Descriptor error—An error was found in one of the receive descriptors, which disabled the
correct reception of an incoming frame.
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Network Port Autosensing

The 21145 can sense the HomePNA and 10BASE-T ports at the same time. In addition, while the
HomePNA port is used for transmission, it can also send the 10BASE-T link pulses onto the TP
wires. These features, along with reported status bits and interrupts, together with indications taken
from the MI1/SYM PHY port, allow the driver to choose between the three ports for network
connection without any network configuration information.

To implement the autosensing algorithm, the driver can use the following hardware support
provided by the 21145 (a detailed description of these bitsis provided in Chapter 8):

* |nterrupts
— Link pass CSR5<4>
— Link fail CSR5<12>
— General Purpose Timer expired CSR5<11>
* CSRs
— Autosensing enable bit CSR14<15>
— Activity sensed on the HomePNA port CSR12<8>
— Activity sensed on the 10BASE-T port CSR12<9>
— Activity sensed on the MII port CSR12<0>
— General-purpose timer (CSR11)

Additional information about the MII port activity can be taken from the 100BASE-T PHY chip
located on the board through the MIl management port (mii_mdc and mii_mdio).

Selecting one of the network ports requires programming of CSR6, CSR13, CSR14, and CSR15.
Table 8-89andTable 8-90provide the programming values for enabling autosensing. To change
the selection, start by resetting the SIA using CSR13.

Loopback Operations

The 21145 supports two loopback modes: internal loopback and external loopback. Both internal and
external loopback require external clock activity (mii_tclk in Mll mode and xtall in 10BASE-T).

Internal Loopback Mode

Internal loopback mode is normally used to verify that the internal logic operations function
correctly. Internal loopback mode is enabled according to CSR6<11:10>. Internal loopback mode
includes all the internal functions. In loopback mode, the 21145 disengages from the Ethernet.

Internal loopback mode also supports the following modes of operation:

1. Media access control (MAC) internal loopback mode in which transmit packets are looped
back at the MAC level and the 21145 disengages the SIA. The loopback data rate is 10 Mb/s,
or 10/100 Mb/s in MII/SYM mode.

2. 10BASE-T internal loopback mode in which transmit packets from the encoder output are
selected and looped back to the decoder input. The loopback data rate is 10 Mb/s.
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4.6.2

Caution:

4.6.3

4-16

Note:

Note:

External Loopback Mode

External loopback mode is normally used to verify that the logic operations up to the Ethernet
cable function correctly. In external loopback mode, the 21145 takes frames from the transmit list
and transmits them on the Ethernet wire. Concurrently, the 21145 listens to the line that carries its
own transmissions and places incoming frames in the receive list.

In external loopback mode, when transmitted frames are placed on the Ethernet wire, the 21145
does not check the origin of any incoming frames. It is possible for frames not originating from the
21145 to enter the receive buffers.

External loopback mode cannot be used on the HomePNA port.

External loopback mode also supports the following modes of operation:

¢ 10BASE-T external loopback mode transmits packets using twisted-pair wires. Concurrently,
the 21145 disables theinterna collision detector and thuslistensto the line that carriesits own
transmission. The board designer must use an external shunt to connect the transmit line with
the receivelline.

* MII/SYM external loopback mode transmits packets using the MI1/SY M interface to check the
MII/SYM integrity.

Driver Entering Loopback Mode
To enter a specific loopback mode, the driver must take the following actions:

All address filtering and validity checking rules apply in all loopback modes.

1. Stop the receive and transmit processes by writing 0 to both the start/stop receive (CSR6<1>)
and the start/stop transmit (CSR6<13>) fields. The driver must wait for any previously
scheduled frame activity to cease by polling the transmit process state (<22:20>) and the
receive process state (<19:17>) fieldsin CSR5.

2. Prepare the appropriate transmit and receive descriptor listsin host memory. These lists can
follow the existing lists at the point of suspension or be new lists identified to the 21145 by the
receive list base address in CSR3 and by the transmit list addressin CSRA4.

3. Stop the SIA by setting CSR13 to a value of 00000000H.

In 10BASE-T/HomePNA mode, program CSR13, CSR14, and CSR15 to the desired SIA
operation mode according to Table 8-86 toTable 8-90.

Wait at least 5 ps.
Select the desired loopback mode according to Table 8-86 to Table 8-90.
Use start commands to place both the transmit and receive processes into the running state.

Ea

O N o O

Asin normal processing, execute any 21145 interrupts.
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4.6.4 Driver Restoring Normal Operation

To restore normal operation, the driver must execute the following procedure:

1.

Stop both the receive and transmit processes. The driver must wait for any previously
scheduled frame activity to cease by polling both the transmit (CSR5<22:20>) and receive
process state (CSR5<19:17>) fieldsin CSR5.

Prepare appropriate transmit and receive descriptor listsin host memory. These lists can either
follow the existing lists at the point of suspension or be new lists that have to be identified to
the 21145 by the receive list base address in CSR3 and the transmit list base address in CSR4.

3. Stop the SIA by setting CSR13 to a value of 00000000H.
4. In 10BASE-T/HomePNA mode, program CSR13, CSR14, and CSR15 to the desired SIA

© N o u

operation mode according to Table 8-86 to Table 8-90.

Wait at least 5 us.

Select normal mode operation according to Table 8-86 to Table 8-90.

Use start commands to place both the transmit and receive processes into the running state.

Resume normal processing. Execute any 21145 interrupts.

4.7 Full-Duplex Operation

The 21145 activates the transmit and receive processes simultaneously. It also supports receive
back-to-back packets with an interpacket gap (IPG) of 96-bit timesin parallel with transmit back-
to-back packets with an IPG of 96-hit times.

The 21145 implements a programmabl e full-duplex operating mode (CSR6<9>) bit that commands
the MAC to ignore both the carrier and the collision detect signal. In 10BASE-T mode, when the
autonegotiation algorithm is used (CSR14<7>), the 21145 operates in full-duplex mode only if the
negotiation results allow it. For additional information about programming full-duplex operation
with autonegotiation, refer to Section 4.8.

The driver must take the following actions to enter full-duplex operation.

1

Stop the receive and transmit processes by writing 0 to CSR6<1> and CSR6<13> fidlds,
respectively. The driver must wait for any previously scheduled frame activity to cease by
polling the transmit process state (<22:20>) and receive process state (<19:17>) fieldsin CSR5.

2. Reset the SIA by writing 0 to CSR13.

w

© N o 0 &

Prepare appropriate transmit and receive descriptor listsin host memory. These lists can use the
existing lists at the point of suspension, or can create new lists that must be identified to the 21145
by referencing the receive list base address in CSR3 and the transmit list base addressin CSR4.

Set full-duplex mode (CSR6<9>).

In 10BASE-T mode set CSR13 through CSR15, using Table 8-100 as a reference.

In 10BASE-T mode, wait for the link pass interrupt.

Place the transmit and receive processes in the running state by using the start commands.

Resume normal processing. Execute any 21145 interrupts.
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4.8

Autonegotiation

The |EEE 802.3 10BASE-T autonegotiation algorithm allows a device to advertise enhanced
modes of operation it possesses to adevice at the remote end of alink segment. Similarly, adevice
can detect corresponding enhanced operation modes that the other device may be advertising. The
algorithm builds upon the existing 10BASE-T link pulse scheme and is based on data exchange in
the physical layer between two nodes.

The 21145 implements this algorithm for 10BASE-T and 100BASE-TX half-duplex and full-duplex
mode autonegotiation and 100BA SE-T4 mode autonegotiation. The whole negotiation is done by the
21145 without software involvement. At the end of the negotiation, the software should set the
operating mode according to Table 4-7. The HomePNA medium does not support link pulses,
therefore there is no Autonegotiation on the HomePNA port.

Table 4-7. Autonegotiation Modes Selection

4-18

CSR12<25:21>1 CSR14<18:16>2 CSR14<6>2 CSR6<9>2 Selected Mode
XIXXX3 X1X X X 100BASE-TX FD*
XXIXX 001 X X 100BASE-TX HD®
001XX XX1 X X 100BASE-TX HD
XXX1X 000 X 1 10BASE-T FD
0001X XXX X 1 10BASE-T FD
XXXX1 000 1 0 10BASE-T HD
00001 XXX 1 X 10BASE-T HD
1IXXXX 10X X X T4

10XXX 1XX X X T4

All other cases No common mode
NOTES:

1. Link partner’s link code word.
2. 21145 advertisement.

3. Binary representation.

4. Full-duplex.

5. Half-duplex

If the selected mode at the end of negotiation is 10BASE-T, the receive and transmit paths are only
enabled if the link integrity test passed successfully within 1 second. Otherwise, the
autonegotiation process automatically starts again.

If the selected mode at the end of negotiation is 100BASE-TX, the driver should configure the
21145 to select the M11/SY M port (for moreinformation, see Table 8-96). The receive and transmit
paths are only enabled if the 100BASE-TX link integrity test passed successfully within 1 second.
Otherwise, the autonegotiation process starts again.

In addition, when there is no common mode of operation between the two link partners, the
autonegotiation process automatically starts once again within 1 second after negotiation has completed.

To enable the autonegotiation mechanism, CSR14<7> (autonegotiation enable) must be set.
Table 8-100 shows the programming of the SIA with autonegotiation enabled.

Before enabling its receive or transmit paths, or after the link integrity test has failed, the 21145

starts an autonegotiation sequence with its link partner. The 21145 stops sending its link pulses for
at least 1 second and movesitslink partner into the link fail state, forcing it to renegotiate.
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An autonegotiation completed interrupt, together with CSR12<14:12> read as 101, indicates the
end of the negotiation. The driver then reads CSR12 to get the link test status, and the driver also
has the ability to restart the negotiation by setting the CSR12<14:12> field to a value of 001.

Capture Effect—A Value-Added Feature

Asavaue-added feature, the 21145 provides a compl ete solution to an Ethernet and IEEE 802.3
problem referred to as capture effect. This solution is not part of the IEEE 802.3 standard. A device
implementing this feature deviates from the | EEE 802.3 standard backoff algorithm. Therefore,
this feature is optional and can be enabled or disabled using the CSR6<17> contral hit.

What Is Capture Effect?

Consider two stations on the line, station A and station B. Each station has a significant amount of
data ready to transmit. Each station is able to satisfy the minimum IPG rules (both from transmit-
to-transmit and from receive-to-transmit operations). Table 4-8 shows the capture-effect sequence.
The following steps show how station A capturesthe line:

1. Station A (with data A1) and station B (with data B1) both attempt to transmit simultaneously
within aslot time of 51.2 ys. Each station has an initial collision count set to O.

2. The stations experience a collision. Both stations increment their collision count to 1.
3. Each dtation picks a backoff time value that is uniformly distributed from O to (2n)—1 slots. In this

example, station B selects a backoff of 1 (a 50% probability), and station A selects a backoff of 0.

4. Station A successfully transmits its Al data packet. Station B waits for data Al to be
transmitted before attempting to retransmit data B1.

5. Collision count at station B remains at 1, while collision count at station A is reset to 0.

6. If station A has another packet (data A2) ready to transmit while station B still wants to
transmit its packet (data B1), the stations both contend for the line again.

. If these stations collide, the backoff value available for station A is 0 or 1 slots. The backoff

value available for station B is 0, 1, 2, or 3 slots because the collision count is now at 2 (station
As collision count is at 1). Station A is more likely to succeed and transmit data A2, while data
B1 from station B begins the deferral of completing its backoff interval.

. Itis possible, with this type of behavior between stations, that in the 2-node Ethernet, a station

can capture the channel for an unfair amount of time. One station can transmit a significant
number of packets back to back, while the other station continues to backoff further and further.

. This process could continue until station B reaches the maximum number of collisions, 16,

while attempting to transmit data B1. At this time, station B would abort data B1. If station B
had another packet (data B2), station B would access the line and transmit data B2.

Note: If station A completes the transmitting of a stream of packets during this type of capture, and
station B is still in backoff, potentially for a long time, the line is idle for this period of time.
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Table 4-8.

4.9.2

Table 4-9.

4.9.3

4-20

Capture-Effect Sequence

Station A Line Station B Collision A Count B
Transmit packet Al Collision Transmit packet B1 0 0
Backoff 0, 1 — Backoff 0, 1 1 1
Transmit packet Al Packet Al Backoff 0 1
Transmit packet A2 Collision Transmit packet B1 0 1
Backoff 0, 1 — Backoff 0, 1, 2, 3 1 2
Transmit packet A2 Packet A2 Backoff 0 2
Transmit packet A3 Collision Transmit packet B1 0 2
Backoff 0, 1 — Backoff 0, 1, 2, ... 7 1 3

Resolving Capture Effect

The 21145 generally resolves the capture effect by having the station use, after a successful

transmission of a frame by a station, a 2—0 backoff algorithm on the next transmit frame. If the
station senses a frame on the network before it attempts to transmit the next frame, regardless of
whether the sensed frame destination address matches the station’s source address, the station
returns to use the standard truncated binary exponential backoff algogidutiof 4.4.3 %

When the station executes the 2—0 backoff algorithm, it always waits for a 2-slot period on the first
collision, and for a O-slot period on the second collision. For retransmission attempts greater than 2,
it uses the standard truncated, binary exponential backoff algorithm.

Table 4-9summarizes the 2—0 backoff algorithm.

2—0 Backoff Algorithm
Retransmission Attempts Backoff Period (Number of Slot Times)
n=1 Backoff = 2 slots
n=2 Backoff = 0 slots
Backoff = 0 <r < 2¥
n=3to015 (k = min(n, N) and N = 10)
(r = uniformly distributed random integer)

Enhanced Resolution for Capture Effect

The 21145 offers an enhanced resolution for capture effect. The enhancement is made by
incorporating a stopped backoff algorithm (with the 2—0 backoff algorithm) to reduce collision
while maintaining the key properties of the 2—0 backoff algorithm.

When the enhanced resolution for the capture effect bit is set (CSR6<31>), the 21145 activates the
stopped backoff algorithm as follows: in a back-to-back transmit, while in backoff after the first
collision (h=1, wheren is the retransmission attempts), the 21145 stops its backoff timer for the
duration when the channel is busy. It continues its backoff timer when the channel is idle. For any
other collision cases, the backoff timer is not stopped.
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4.10 Jabber and Watchdog Timers

The jabber timer monitors the time of each packet transmission. The watchdog timer monitors the
time of each packet reception. If asingle packet transmission or reception exceeds a programmable
value (Section 8.3.2.18), thejabber and watchdog circuitry automatically disables both the transmit
and receive path. The transmit jabber timer provides the jabber function by cutting off transmission
and asserting the collision signal to the MAC.

The packet descriptor closes with both transmit jabber timeout (TDES0<14>) and late collision
(TDES0<9>) setting if the jabber timer expires on atransmit packet.

The receive watchdog provides the watchdog function by cutting off reception. The packet
descriptor closes with the receive watchdog bit (RDES0<4>) set.

The watchdog timer must not be used in HomePNA mode.
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Modem Interface 5

5.1

PCIl/CardBus Function for Modem and Modem
Interface

The 21145 (176-pin device only) provides an interface to |SA compliant modem chipsets. This

allows byte read and write operations to the modem’s internal registers via PCI accesses. The
21145 implements a PCl/CardBus modem function, separate from the Ethernet function. It serves
as a bridge from PCI to ISA, enabling a connection for a non-PCl/CardBus modem chipset to a
PCl/CardBus system, using the 21145's PCI/CardBus interface. For the modem PCIl/CardBus
function, the 21145 implements the PCl/CardBus configuration registers (including the
PCl/CardBus power management interface), and the CardBus Status Changed registers. The
modem function is enabled when Funcl_HwOptions<0> bit in the serial ROM is set. When this bit
is clear, the modem function is disabled.

The modem interface and PCI function support:
* Byte access to the modem’s internal registers
* 1/O or memory mapped registers
* Modem-generated interrupts
¢ Wakeup on modem ring
¢ ACPI/OnNow power management

The modem interface consists of the pinslisted and described in Table 5-1:

Table 5-1. Modem Interface Pins (Sheet 1 of 2)

Signal Type Description

Modem address lines. Address lines that are not needed in order to
access the modem should be left unconnected. For example, if the
modem chipset has only 8 registers, mdm_a<4:3> should be left
unconnected.

mdm_a<4:0> (0]

mdm_chip_sel O Modem chip select. This pin is active low.

When accessing the modem chipset (mdm_chip_sel is asserted), this

mdm_wr o pin is used as the modem write line and is active low.

When accessing the modem chipset (mdm_chip_sel is asserted), this

mdm_rd o pin is used as the modem read line and is active low.

When accessing the modem chipset (mdm_chip_sel is asserted),

mdm<7:0> o these pins are used as the modem data lines bits 7 through 0.

Modem interrupt line. When asserted, the 21145 asserts the int_| pin.

mdm_int : This pin is active high. It must be connected to a pull-down resistor.

Modem power down. This pin is asserted when the modem function is
in D3 power state. It is intended to control the modem chipset’'s power
management. The polarity of this pin is determined by the
Funcl_HwOptions<5> bit in the serial ROM.

mdm_pwr_down (0]
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Table 5-1. Modem Interface Pins (Sheet 2 of 2)

Signal

Type

Description

mdm_ring_ind

Modem ring indicator. The assertion of this pin affects the assertion of
the wake pin.

The polarity of this pin is determined by the Funcl_HwOptions<4> bit
in the serial ROM. This pin must not be left floating.

mdm_rst

Modem reset. This pin is asserted for at least 15 ps upon hardware
reset (rst_| pin asserted) and when the modem function moves from
D3 to the DO power state.

mdm_spkr_en

Modem speaker enable. This pin reflects the Audio enable bits of the
modem function Status Changed registers.

If the Func1l_HwOptions<7> bit in the serial ROM is set, the value of
the FEMR<6> is driven on the MDM_SPKR_EN pin.

If the Func1l_HwOptions<7> is cleared, the value of FEMR<5> is
driven on the MDM_SPKR_EN pin.

During PCl/CardBus access to the modem, the 21145 operates as a bus slave. The modem may be
accessed only by byte access, reading or writing one byte at atime. Only one bitin c_be 1<3:0>
may be asserted during a given access. A PCl/CardBus access to the modem causes the 21145 to
issue a read/write access to the modem chipset.

52 Modem Write Access

A write access to the modem chipset is executed as follows:

N o g s~ o Dd PR

The host initiates awrite cycle on the PCl/CardBus bus and writes the datato the 21145.
The 21145 drives the address on the mdm_a<4:0> lines.

The 21145 drives the data on the mdm<7:0> lines.

The 21145 asserts the mdm_chip_sel line.

The 21145 asserts the mdm_wr line.

The 21145 deasserts the mdm_wr line.

The 21145 deasserts the mdm_chip_sel line.

Note: There must be adelay of at least 20 PCI cycles between any write to amodem register, and awrite

to CSRO.

Figure 5-1 shows a write access to the modem chipset.
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Figure 5-1. Write Access Timing

mdm_chip_sel \ /7
mdm_wr \ /

mdm_a X X
mdm X X

AB505-01

5.3 Modem Read Access

A read access to the modem chipset is executed as follows:
The host initiates aread cycle on the PCI/CardBus bus.
The 21145 drives the address on the mdm_a<4:0> lines.
The 21145 asserts the mdm_chip_sel line.

The 21145 asserts the mdm_rd line.

The modem chipset drives the data on the mdm<7:0>.
The 21145 samples the data on the mdm<7:0> lines.
The 21145 deasserts the mdm_rd line.

The 21145 deasserts the mdm_chip_sel line.

The 21145 drives the data on the mdm lines.

© © N o o kM w P

While the 21145 waits for the data to be driven on mdm<7:0> lines by the modem chipset, it inserts
wait states on the PCI/CardBus bus. Figure 5-2 shows aread access to the modem chipset.
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Figure 5-2. Read Access Timing

mdm_chip_sel

mdm_rd

mdm_a

mdm

A6506-01
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Power-Management and Power-Saving
Support 6

This chapter provides an overview of the various power-management specifications and describes
the power-management mechanisms supported by the 21145. This chapter also describes the
various power-saving modes of the 21145. Throughout this document, the term power management
is used for mechanisms to control the entire system’s power state, while thp@wemsaving is
used for mechanisms to control the power consumption of the 21145 device itself.

6.1 Overview

The 21145 supports a power management mechanism based upon the OnNow initiative and the
ACPI specification, for both the Ethernet function and the Modem function (176-pin device only).
The 21145 is fully compliant with thHeetwork Device Class Specifications Revision 1.0 and the
Communication Device Class Power Management Specification, under the OnNow Architecture

for Microsoft'sPC 97 Design Guide, PC98 Design Guide, and thePC99 Design Guide. The 21145
supports all the network device class and communication requirementdPa@fah®esign Guide,

PC 98 Design Guide and thePC 99 Design Guide.

Fully compliant wit thePCl Bus Power Management I nterface Specification Revision 1.0and the
Advanced Configuration and Power Interface (ACPI) Specification Revision 1.0.

In addition to the power-management support, the 21145 provides two power-saving modes: sleep
mode and snooze mode. In sleep mode, the 21145 consumes minimal power, but most of its
functions are not operating. Snooze mode is a dynamic mode in which the device consumes
minimal power while in an idle state, and more power when it is active. The 21145 also supports
the PCl/CardBus clkrun mechanism for power savings.

6.2 OnNow and ACPI Power-Management Mechanism

This section describes the specifications supported by the OnNow initiative and the ACPI
specification.

6.2.1 Advanced Configuration and Power Interface (ACPI)
Specification

The ACPI specification defines a flexible and abstract hardware interface that enables a wide
variety of PC systems to implement power-management and thermal-management functions.

The ACPI specification defines power states for each component of the system (system, buses,
devices, and so on).
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6.2.1.1

Table 6-1.

6.2.2

PCI Power Management

The PCI Power Management I nterface specification is a part of the ACPI Specification. This
specification defines the behavior and requirements of the PCI bus and each PCI device when put
in one of the power-management states defined by the ACPI specification.

Table 6-1 defines each of the power states for a PCI function:

Power State Definitions
State Definition
This state is assumed to be the highest level of power consumption. In this state, the
DO - Fully On device is completely active and responsive, and is expected to remember all preserved

context continuously.

D1 This state operates as a light sleep state. In this state, the PCI clock is running.
D2 This state operates as a deeper sleep state than the D1 state. In this state, the PCI clock
can be stopped.
In this state, system power is supplied to the device, but the PCI clock can be stopped.
D30t The only context a PCI function in this state should maintain is the power management
event (PME) context.
In this state, system power is removed from the device. The device context is lost.
D3 Functions that support power management events in the D34 state must preserve their
cold

PME context when transitioning from the D34 to the DO state. Such functions require an
auxiliary power source other than the normal VVcc power plane.

The PCI Bus Power Management Interface Specification defines how the power-management
(wake-up) events are reported by a PCI function. It defines a new power management register
block in the PCI configuration space and a new active-low PCI pin (PME#) to notify the system of
a power management event. These registers are used by the software to put the device in a power
state, and by the PCI function to report the power-management events.

Network and Communication Device Class Power
Management Specification

OnNow isaterm for aPC that is always powered-up, that appears off, but is capabl e of responding
to users or other requests. OnNow defines the power-management requirements for each device
class. The Network Device Class Power Management Specification defines the power-management
reguirements of a network device. The Communication Device Class Power Management
Specification defines the power-management requirements of a communication device and
specifically of amodem device.

The Network Device Class Power Management Specification defines the following wake-up

events:

¢ Detection of change in the network link state
¢ Reception of a network wake-up frame

* Reception of a Magic Packet
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A network wake-up frame istypically aframe that is sent by existing network protocols, such as
ARP requests or |P frames addressed to the machine. Before putting the network adapter into the
wake-up state, the system passes to the adapter’s driver alist of sample frames and corresponding
byte masks. Each sample frame is atemplate the 21145 will use to perform frame filtering to wake
up the system via the gep2/pme/cstschg pin. Each byte mask defines which bytes of the incoming
frames should be compared with the corresponding sample frame in order to determine whether or
not to accept an incoming frame as a wake-up event.

The Communication Device Class Power Management Specification defines the wake-up event for
amaodem device, which is the phone ring indication.

The 21145 Support for OnNow and ACPI

The 21145 supports all three wake-up events defined in the Network Device Class Power
Management Specification and the wake-up event defined by the Communication Device Class
Power Management Specification.

Upon awake-up event, the 21145 asserts its gep<2>/rcv_match/wake pin if either CPMC<8> or
FEMR<4> of the function (Ethernet or Modem) that identified the wake-up event is set.
FuncO_HwOptions<9> bit in the seriadl ROM defines the polarity of the gep<2>/rcv_match/wake

pin.

For each of the functions, the 21145 implements the new power-management register block within
the PCI configuration registers as defined by the PCI Bus Power Management Interface
Specification. This block contains the power-management capabilities of the function and the
power-management control and status. For the register block definitions, see Chapter 8.

Ethernet Function Power Management

When the 21145 Ethernet functionis put inthe D1, D2, or D3 power state, it reads the Magic block
information from the serial ROM. The Magic block contains information regarding the Magic
Packet |EEE address, password, and the network portsthat are connected to the 21145. The 21145
uses the information read from the serial ROM only if the CRC isvalid. If the 21145 Ethernet
function is put in the present power state when the link is down, or if the link fails while the 21145
Ethernet function is already in the D1, D2, or D3 power states, the 21145 starts autosensing and
autonegotiations according to the algorithm below. The 21145 Ethernet function can be instructed
to generate awake-up event upon changesin the link status according to Table 6-2. When the link
isvalid, the 21145 Ethernet function can be instructed to generate wake-up events upon reception
of aMagic Packet or awake-up frame, according to Table 6-2.

Network Link Establishment Algorithm for Low Power States
1. Read serial ROM.

2. If selected port is 10-BASE-T and thereisalink, or Symbol port and there is a symbol link,
link is already established.

3. Otherwise, look for alink in following order:
a. If Serial ROM defines an MII port and thereis an MII link, then select MII port.

b. If Serial ROM defines HomePNA port and there is no symbol port nor TP port defined,
then select HomePNA port.

¢. Otherwise select HomePNA port and start autonegotiation.
4. Oncealink isfound using autonegotiation, select port with link.
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6-4

Note:

Virtually-Connected Network Packet Filters

In order to stay “virtually connected” to the network while in low-power state, the 21145 monitors
the network and wakes the system up on certain protocol-specific frames. The wake-up patterns are
provided by software before the 21145 Ethernet function is put in low-power state.

The 21145 wake-up filter supports four programmable filters that allow support of many different
receive packet patterns. Specifically, these filters allow support of both IP and IPX protocols,
currently the only two protocols targeted to be power manageable. Each filter relates to 31
contiguous bytes in the wake-up frames.

When a frame is received from the network, the 21145 examines its content to determine whether
the pattern matches to a wake-up frame. The 21145 first checks the frame’s destination address.
Only frames that passed the 21145 perfect address filtering, and that are legal-sized Ethernet
frames, can be accepted as wake-up frames. Each of the four pattern filters can be applied to either
unicast frames or multicast frames. To know which bytes of the frame should be checked, in
addition to the frame’s destination address, the 21145 uses a programmable byte mask and a
programmable pattern offset for each of the four supported filters. The pattern's offset defines the
location of the first byte that should be checked in the frame. Since the destination address is
checked by the 21145 address filtering, the pattern offset is always greater than 12. The byte mask
is a 31-bit field that specifies for each of the 31 contiguous bytes with the frame, beginning in the
pattern offset, whether or not it should be checked. ffibithe byte mask is set, bytffset + j in

the frame is checked.

The 21145 implements imperfect pattern matching by calculating a CRC-16 on all bytes of the
received frames that were specified by the pattern’s offset and the byte mask and comparing it to a
programmable precalculated CRC value. The CRC calculation uses the following polynomial:

G(x) =x0 + x5 +x2+1

To support wake-up patterns longer than 31 contiguous bytes, or to increase the selectivity of the
filter, the 21145 provides the add-previous command. When the add-previous bit is set, the 21145
performs a logical AND between the current entry matching signal and the matching signal of the
previous filter entry (including if the previous filter entry was disabled).

The 21145 also implements a global unicast (CSR2-PM<9>) filter. All unicast frames that pass the
21145 address filtering are identified as wake-up frames by the global unicast filter. The global
unicast filter functions as the first filter for the add-previous command. If the add-previous
command for filter O is set, the 21145 performs a loghddD between the global unicast matching
signal and the filter 0 matching signal.

The 21145 also supports an inverse-mode command. When the inverse-mode bit is set, the 21145
uses its matching signal as a rejection signal, meaning that if a frame does not match this pattern, a
wake-up event is generated. In the opposite case, if a frame does match the pattern, a wake-up
event is not generated.

Since the 21145 implements imperfect filtering, a CRC value can be matched by more than one
pattern. Thus, the inverse-mode command should be used carefully in order to prevent situations in
which the group of patterns matched by the CRC contains frames that should also wake up the
system.

The 21145 filter includes support for VLAN frames. A VLAN frame is identified if the type field

has the VLAN type value. A VLAN frame is identical to a non-VLAN frame, except for the 4-byte
VLAN header inserted between the source address field and the length/type field. If the 21145 has
identified an incoming frame as a VLAN frame, it ignores the VLAN header by automatically
incrementing the filter’s pattern offset by four bytes for this frame.
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Table 6-2.

Power-Management and Power-Saving Support

The pattern matching parameters including the VLAN parameters can be programmed by writing
to CSR1-PM and CSR2-PM.

Table 6-2 shows the power-management event capabilities of the 21145 Ethernet function.

Ethernet Function Power Management Event Capabilities

Power State

Link Changed

Magic Packet

Wake-up Frame

Dot — — —

D1 Yes Yes Yes
D2 Yes Yes Yes
D3 Yes? Yes Yes

Write access rules — — _

L. Link changes in the DO power state are indicated by the software. Magic Packets and wake-up frames are not applicable

in the DO power state.
In the D3 state, only link-pass will cause the 21145 to generate a wake-up event.

6.2.3.2 Ethernet Function Software Procedure for Power State Transitions
Table 6-3 describes the operations expected from the 21145 Ethernet driver when the 21145
Ethernet function is switched between power states.

Inthe D1, D2 and D3 states the 21145 may be programmed to generate a power management event
on link changes. If the ability to automatically change between network ports while in the low-
power statesis desired, and both the HomePNA port and theinternal 10BASE-T port are used, then
autonegotiation must be enabled (via CSR14<7>) prior to placing the device in alow-power state.
Otherwise, the device may report afalse PME, possibly waking up the system, immediately after
being placed in the low-power state.

Table 6-3. Driver Procedure Upon Moving Between Power States (Sheet 1 of 2)

From State... To State... Procedure

1. If the address filtering required for wake-up frames is different from
what is required in DO, load the 21145 address recognition RAM with
the wake-up pattern’s address.

2. Stop the receive and transmit processes by writing to CSR6.

3. Verify that the receive and transmit processes have stopped by
polling CSR5.

4. If the selected port is HomePNA, set the enable link integrity test bit
(CSR14<12>) if it has not already been set.

If the MIl management clock bit (CSR9<16>) is set, clear this bit.
Set the Enable OnNow Registers bit in CSRO.
Load the wake-up frame filter register block by writing to CSR1-PM.

Program the requested wake-up events and VLAN parameters and
clear the wake-up events bits by writing to CSR2-PM.

9. Clear the Enable OnNow Registers bit in CSRO.

The 21145 Ethernet function is now ready to be put in the new power
state.

DO D1/D2/D3

© N oo
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Table 6-3. Driver Procedure Upon Moving Between Power States (Sheet 2 of 2)

6.2.3.3

6.3

6.3.1

6-6

From State... To State... Procedure

After the 21145 Ethernet function is put in DO, the software has to:

1. Reload the 21145 address recognition RAM if the address filtering
requirements in DO are different from what is required for wake-up

frames.
D1/D2 DO .
2. Wait Ims.
3. Start the receive and transmit processes by writing to CSR6.
4. In HomePNA mode, wait an additional 200 ms before attempting
transmission.
After the 21145 Ethernet function is put in DO, the software has to:!
1. Reinitialize the 21145 including media sensing.
D3 DO . Wait 1ms

2
3. Start the receive and transmit processes by writing to CSR6.
4. In HomePNA mode, wait an additional 200 ms before attempting

transmission.

L. The device experiences a hardware reset upon this transition.

Modem Function Power Management

The modem function supports the DO, D2, and D3 power states, as defined in the Communication
Device Class Power Management Specification. For the modem function, the 21145 uses the
modem chipset phone ring indication as a wake-up event. Thisis supported in the D2 and D3
power states.

Power-Saving Modes

The 21145 incorporates two different power-saving modes: sleep mode and snooze mode. Setting
the FuncO_HwOptions<4> (EnableCLKRUN) bit in the serial ROM provides further reductionin
power consumption in the sleep and snooze modes. The following subsections describe these
power-saving modes.

Sleep Mode

Sleep mode can be activated when the 21145 is not being used (for example, not connected to the
network) and it isimportant to reduce its power dissipation. While in sleep mode, most of the
internal logic is disabled. This includes the DMA machine, FIFOs, RxM, TxM, SIA, twisted-pair
interface, HomePNA interface, and the general-purpose timer. The PCI section is not affected and
access to the 21145 configuration registers remains possible. Access to the 21145 CSRsis not
allowed.

To enter sleep mode, the driver must take the following actions:

1. Stop thereceive and transmit processes by writing O to the CSR6<1> and CSR6<13> fields,
respectively. The driver must wait for any previously scheduled frame activity to cease. Thisis
done by polling the transmit process state (CSR5<22:20>) and the receive process state
(CSR5<19:17>).

2. In 10BASE-T or HomePNA mode, reset the SIA by writing 0 to CSR13<0>.
3. Set the CFDD<31> hit.
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6.3.2

Note:

Power-Management and Power-Saving Support

To exit sleep mode, the driver must take the following actions:
1. Clear the CFDD<31> bit.
Wait 10 ms.
In 10BASE-T or HomePNA mode, start the SIA by writing 1 to CSR13<0>.
Wait at least 5 ps.

Start the receive and transmit processes by writing 1 to the CSR6<1> and CSR6<13> fields,
respectively.

o &~ w D

The 21145 powers up in sleep mode. Sleep mode must be exited before initialization of the 21145.

Snooze Mode
Snooze modeis a dynamic power-saving mode. When the snooze mode bit (CFDD<30>) is set, the
21145 reduces its power dissipation unless one or more of the following conditionsistrue:
* PCI dlave or master access is conducted.
* Transmit processisin the running state.
* Receive processisin the running state but not waiting for a packet.
* Receive FIFO is not empty.
* MAC receive engineisnot idle.
* Carrier is sensed.
* General-purpose port interrupt occurred.
* Link passor link fail occurred.
* Receiveinterrupt is pending for timer expiration in the interrupt mitigation mechanism.
¢ Modem interrupt is pending (176-pin device only).
* Themdm_rst pinisasserted (176-pin device only).

When none of these conditionsistrue, the 21145 disables all its internal logic except for the PCI
interface (not including the Manchester decoder that uses the 100-MHz phases). The device
automatically and immediately reenables al itslogic when at least one of the following occurs:

* PCI dave accessis conducted.

* General-purpose port interrupt occurred.

* Carrier is sensed.

* Link passor link fail occurred.

¢ Modem interrupt is pending (176-pin device only).
This resultsin the 21145 dynamically getting into and out of low-power mode, and overall power
dissipation is reduced.

The general -purpose timer and the automatic poll demand functions cannot be used in snooze
mode.
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6.4

6-8

Power-Management and Power-Saving Modes

The power-management and power-saving features of the 21145 are two independent mechanisms
that can operate simultaneously. For example, the 21145 can be programmed to operate in the
snooze power-saving mode and still operate in an OnNow power-management machine that
generates wake-up events. Intel recommends putting the 21145 in the sleep power-saving mode
when the 21145 is not expected to be used (for example, no packets are expected to be received or
transmitted from the Ethernet or the modem).

To reduce power consumption, when the 21145 is expected to operate, Intel recommends putting
the 21145 into the snooze power-saving mode. For afurther reduction in power consumption,
while the 21145 is in the sleep or the snooze power-saving mode, Intel recommends setting the
FuncO_HwOptions<4> (EnableCLKRUN) bit in the serial ROM.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual



intel.

External Ports 4

7.1

7.2

This chapter describes the interface and operation of the expansion ROM, the MicroWire serial
ROM, the general-purpose port, and the network activity LEDs. This chapter also describes how to
connect an external register to the expansion ROM port.

Overview

The 21145 (176-pin device only) provides an expansion ROM interface that may be optionally
used on the adapter. The expansion ROM may contain code that can be executed for device-
specific initialization and, possibly, a system boot function. During machine boot, the BIOS looks
for bootable devices by searching a specific signature (55AA). Once found, the BIOS copies the
code from the boot ROM to a shadow RAM in the host memory and executes the code from the
RAM. Refer to PCI BIOS Specification, Revision 2.1.

The expansion ROM interface supports:
* 5V or 12V flash memory for code upgrade
* 240 ns EEPROM or faster
* Upto 256 KB address space
The 21145 provides a software-controlled, serial port interface suitable for MicroWire and other

common serial ROM devices. The serial ROM contains the | EEE address and, optionally, other
system parameters.

Expansion ROM and Serial ROM Connection

Figure 7-1 shows the connection of a 256 KB expansion ROM and the serial ROM. The two 9-hit
edge trigger latches are used to latch the expansion ROM addresses <17:2> and the oe_| and we |
control signals.
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Figure 7-1. Expansion ROM, Serial ROM, and External Register Connection
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7.2.1 Expansion ROM Size
The 21145 supports several expansion ROM sizes. The size is specified in the
FuncO_HwOptions<1:0> field in the Serial ROM, as listed in Table 7-1.
Table 7-1. Expansion ROM Size
Size FuncO_HwOptions<1:0>
4 Kbyte 11
16 Kbyte 10
64 Kbyte 01
256 KByte 00
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The 21145 divides the expansion ROM by two, and uses the first half of the expansion ROM for
the Ethernet function and the second half for the modem function.

Expansion ROM Operations

Access to the Expansion ROM is done in two ways:

* Byte access (read/write) by using CSR9 and CSR10 (for manufacturing purposes).

* Dword (32-bit) read access from the PCI expansion ROM address space.
The following sections describe these accesses when two latches are connected to the expansion
ROM. For each access, the expansion ROM must be set to the desired mode (read or write) prior to

the actual access for the read or write transaction. For additional information about how thisis
done, refer to the specific ROM device documentation.

Any mixture between byte access and Dword access is allowed, providing that byte access
followed by Dword access will be separated by at least 20 PCI clock cycles. Byte accessis not
allowed during normal operation. It istypically used for programming the expansion ROM.

Byte Read

Figure 7-2 shows the 21145 byte read cycle. It is executed as follows:

1. Thehost initiates a byte read cycle to the expansion ROM by writing the expansion ROM
offset to CSR10 and by setting aread command in CSR9 (CSR9<14>) and CSR9<12> = 1.

2. The 21145 drivesthe expanson ROM address bits <7:2> and the signalsoe | andwe | onthebr_ad
lines, drives addresshit 17 onthe br_a<0>/cb_pads | line, and setsbr_a<1>. Signa br_a<1>isused
asalatch enableto latch the address, oe |, and we | in the upper edge trigger latch.

3. The 21145 clearsbr_a<1>.

4. The 21145 drives the expansion ROM address bits <15:8> on the br_ad lines, drives address
bit 16 onthe br_a<0>/cb_pads | line, and setsbr_a<1>. Address bits <16:8> are latched in the
upper edge trigger latch while the previous address bits (17, <7:2>) and the control signals
(oe_I and we 1) are latched in the lower edge trigger latch.

5. The 21145 drives address bits <1:0> on br_a<1> and br_a<0>/cb_pads |, respectively, and
assertsthe br_ce | pin.

6. Inresponse, the expansion ROM drives the data on the br_ad lines.

7. The 21145 terminates the byte read cycle by sampling the data, by placing it in CSR9<7:0>,
and by deasserting the br_ce | signal.

8. Thedriver can read the datafrom CSRO after at least 20 PCI clock cycles passed since this CSR was
previoudy written. Note that the results of trying to read the data earlier are UNPREDICTABLE.
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Figure 7-2. Expansion ROM Byte Read Cycle
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br_ce_| \_/_
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7.3.2 Byte Write

Before performing awrite operation, all the expansion ROM entries must be 1. Thisis achieved by
using the erase command.
Figure 7-3 shows the 21145 byte write cycle. It is executed as follows:

1. The host initiates a byte write cycle to the expansion ROM by writing the expansion ROM
offset to CSR10, setting awrite command in CSR9 (CSR9<13> and CSR9<12> = 1), and by writing
the datato CSR9<7:0>.

2. The 21145 drivesthe expansion ROM address bits <7:2> and the Sgnalsoe | andwe | onthebr_ad
lines, drives addresshit 17 onthe br_a<0>/cb_pads | line, and setsbr_a<1>. Signd br_a<1>isused
asalatch enableto latch the address, oe |, and we | in the upper edgetrigger latch.

3. The 21145 clearsbr_a<1>.

4. The 21145 drives the expansion ROM address bits <15:8> on the br_ad lines, drives address
bit 16 on the br_a<0>/ch _pads | line, and setsbr_a<1>. Address bits <16:8> are latched in the
upper edge trigger latch while the previous address bits (<17>, <7:2>) and the control signals
(oe_I and we 1) arelatched in the lower edge trigger latch.

5. The 21145 drives address bits <1:0> on br_a<1> and br_a<0>/cb_pads |, respectively; drives
the data on the br_ad lines; and assertsthe br_ce | pin.

6. The expansion ROM samples the data.
7. The 21145 terminates the byte write cycle by deasserting the br_ce | signal.
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Figure 7-3.
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Expansion ROM Byte Write Cycle
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br_ce_| \ /
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7.3.3 Dword Read

Figure 7-4 shows the Dword read cycle. The host initiates a Dword read cycle by executing a
typical read cycle to the expansion ROM address space. The ad lines contain the expansion ROM
address (base address and offset). Prior to the assertion of the trdy | signal, the 21145 takes the
following steps:

1. The 21145 drivesthe expansion ROM address bits <7:2> and the control signalsoe | and we |
onthe br_ad lines, drives address bit 17 on the br_a<0>/cb_pads | line, and setsbr_a<1>.
Signal br_a<1> isused as alatch enable to latch the address, oe |, and we | in the upper edge
trigger latch.

2. The 21145 clearsbr_a<1>.

3. The 21145 drives the expansion ROM address bits <15:8> on the br_ad lines, drives address
bit 16 on the br_ad<0> line, and setsbr_a<1>. Address bits <16:8> are latched in the upper
edge trigger latch while the previous address bits (17, <7:2>) and the control signals oe | and
we_| arelatched in the lower edge trigger latch.

4. The 21145 remainsbr_a<1> high, drivesbr_a<0>/cb_pads | to high, and assertsthebr_ce | pin.
5. Inresponse, the expansion ROM drives the dataon the br_ad lines (byte 3).

6. The 21145 samples the data (byte 3).

7. The 21145 remains br_a<1> high, drives br_a<0>/cb_pads | to low, and assertsthe br_ce | pin.
8. Inresponse, the expansion ROM drives the data on the br_ad lines (byte 2).

9. The 21145 samples the data (byte 2).

10. The 21145 drives br_a<1> to low, drivesbr_a<0>/cb_pads | high, and assertsthe br_ce | pin.
11. In response, the expansion ROM drives the data on the br_ad lines (byte 1).

12. The 21145 samples the data (byte 1).

13. The 21145 remainsbr_a<1> low, drivesbr_a<0>/cb_pads | to low, and assertsthe br_ce | pin.
14. In response, the expansion ROM drives the data on the br_ad lines (byte 0).

15. The 21145 sampl es the data and deasserts the br_ce | signal.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual 7-5



External Ports

intel.

16. The 21145 assembl es the 4 bytes, drives the data on the ad lines, and asserts trdy _|.

Figure 7-4. Expansion ROM Dword Read Cycle

7.4
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Serial ROM

There are four serial ROM interface pins (Table 8-81):
* Serial ROM dataout (sr_do)
* Serial ROM datain (sr_di)
¢ Serial ROM clock (sr_ck)
¢ Serial ROM chip select (sr_cs)

The 21145 supports two sizes of serial ROM, 1 Kb and 4 Kb.

The serial ROM has three types of information:
¢ |nformation that is used by the 21145
¢ Information that can be used by the 21145 driver
* ClSdata

Theinformation that is used by the 21145 is located in the ID block and the Magic block. These
blocks are automatically read by the 21145 without software involvement. The ID block is read
upon ahardware reset or when the 21145 transitions from the D3 power state to the DO power state.
The Magic block is read when the 21145 transitions from the DO power state to any other power
state. The ID block islocated at the lowest addresses of the serial ROM, beginning in address 0; the
Magic block islocated at the higher addresses of the serial ROM.

The space in the serial ROM that is between the 1D block and the Magic block can be used for
driver information and for CIS data. When using the Intel drivers, the areathat isimmediately after
the ID block is used by the driver.

The 21145 driver accesses the serial ROM through CSR9. The access sequences and timing are
handled by the software. The serial ROM operations in this method can be read, write, or erase.
The read and write operations in this method are described in Section 7.4.1 and Section 7.4.2. The
erase operation is handled similarly to the read and write operations.
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The serial ROM is mapped into the memory space beginning at offset 200H from the CBMA
register. This feature allows the system software to read the CIS datain a simple memory read
operation. For example, when a memory read access to address CBMA + 200H is performed, the
21145 returns the data located in address O of the serial ROM. This method can be used only if the
ClIS datais located in the seriadl ROM (CCIS<2:0>=2). Write and erase operations are not
supported in this method.

Access to the serial ROM through memory read is not allowed while an access to the serial ROM
through CSR9 is ongoing.

For more information about the serial ROM format including the ID and Magic block, seethe
21X4 Serial ROM Format specification available from the Intel Developer’s website located at
http://developer.intel.com/.

7.4.1 Read Operation

Read operations consist of three phases:
1. Command phase—3 bits (110b)
2. Address phase—=6 bits for 256-bit to 1 Kb ROMs, 8 bits for 2 Kb to 4 Kb ROMs.
3. Data phase—16 bits
Figure 7-5andFigure 7-6show a typical read cycle that describes the action steps that need to be

taken by the driver to execute a read cycle. The timing (listed on the right side of the figures)
specifies the minimum time that the driver must wait before advancing to the next action.

During both the address phasé-igure 7-5and the data phasehingure 7-6 1 bit is handled during

each phase cycle. Therefore, the address phase should be repeated 6 or 8 times depending on the address
length and the data phase should be repeated 16 times. Note that the value DX is the current data bit.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual 7-7



External Ports I n

Figure 7-5. Read Cycle (Page 1 of 2)

1. | Write CSR9<2:0> = 000 | 30 ns

Y
2. | Write CSR9<2:0>=001 | 50ns

3. | Write CSR9<2:0> =011 | 250 ns
4., | Write CSR9<2:0>=001 | 100 ns

Y h
Write CSR9<2:0> =101 | 150 ns
Write CSR9<2:0> =111 | 250 ns
Write CSR9<2:0> = 101 | 250 ns
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Write CSR9<2:0> =101 | 100 ns
10. | Write CSR9<2:0> =001 | 150 ns
11. | Write CSR9<2:0> =011 | 250 ns
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<
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Y
13. | Write CSR9<2:0> = X01 | 150 ns

14. | Write CSR9<2:0> = X11 | 250 ns

15. | Write CSR9<2:0> = X01 | 100 ns > Address
No
~
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| Wait 150 ns

NOTE: X = Current Address Bit
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Figure 7-6. Read Cycle (Page 2 of 2)

External Ports
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Figure 7-7 shows the read operation timing of the address and data.

Figure 7-7. Read Operation
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Write Operation

Write operations consist of three phases:
1. Command phase—3 bits (101b)
2. Address phase—=6 bits for 256-bit to 1Kb ROMSs, 8 bits for 2Kb to 4Kb ROMs.
3. Data phase—16 bits
Figure 7-8andFigure 7-9show a typical write cycle that describes the action steps that need to be

taken by the driver to execute a write cycle. The timing (listed on the right side of the figures)
specifies the minimum time that the driver must wait before advancing to the next action.

During both the address phasd-igure 7-8and the data phasekigure 7-9 1 bit is handled
during each phase cycle. Therefore, the address phase should be repeated 6 or 8 times depending
on the address length and the data phase should be repeated 16 times.
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Figure 7-8. Write Cycle (Page 1 of 2)

1. I Write CSR9<2:0> =000 | 30ns

Y
Write CSR9<2:0> = 001 50 ns

. | Write CSR9<2:0> =011 250 ns
4. | Write CSR9<2:0> = 001 100 ns

Y ~
Write CSR9<2:0> = 101 150 ns
Write CSR9<2:0> = 111 250 ns
Write CSR9<2:0> = 101 100 ns
Write CSR9<2:0> = 001 150 ns
Write CSR9<2:0> =011 | 250 ns >~ Command
10. | Write CSR9<2:0> = 001 100 ns
11. | Write CSR9<2:0> =101 150 ns
12. | Write CSR9<2:0> =111 250 ns
13. | Write CSR9<2:0> =101 100 ns ~

© ©® N oo
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Y
14. | Write CSR9<2:0> = X01 150 ns
15. | Write CSR9<2:0> = X11 250 ns
16. | Write CSR9<2:0> = X01 100 ns > Address

No

NOTE: X = Current Address Bit
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Figure 7-9. Write Cycle (Page 2 of 2)
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17. | Write CSR9<2:0> = DX01 150 ns
18. | Write CSR9<2:0> = DX11 250 ns
19. | Write CSR9<2:0> = DX01 100 ns >~ Data
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20.| Write CSR9<2:0> =000 |

Y

21. | Write CSR9<2:0>=001 |
Y

22.| Read CSR9<3> |

I Wait 1 ms
|
No
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23.| write CSR9<2:0> =000 |

End
NOTE: DX = Current Data Bit
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Figure 7-10 shows the write operation timing of the address and data. The time period indicated by
Twp isthe actual write cycle time.

Figure 7-10. Write Operation

7.5
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Dout Busy
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External Register Operation

The 21145 provides the ability to connect an externa 8-hit register to the expansion ROM port.
Figure 7-1 illustrates the signals for this connection.

CSR10 must be 0 before any external register accessis done.

To read from the external register, the driver should set the read command (CSR9<14>) and select
the external register (CSR9<10> =1). The 21145 performs the same steps as described in

Section 7.3.1. The only differences are that now the 21145 drives 1 on both thewe | and oe |
expansion ROM inputs and drives 0 on br_a<0>/cb_pads |. This, together with the assertion of
br_ce |, performs the actual read operation. The datais sampled by the 21145 and is placed in
CSR9<7:0>.

Consecutive accesses to the external register should be separated by at least 20 PCI clock cycles.
Accessing the serial ROM after access to the external register can be done only after at least 20 PCI
clock cycles.

To write to the external register, the driver should set the write command (CSR9<13>), select the
externa register (CSR9<10>=1), and write the datato CSR9<7:0>. The 21145 performs the same
steps as described in Section 7.3.2. The only differences are that now the 21145 drives 1 on both
thewe_| and oe_| expansion ROM inputs and drives 1 on br_a<0>/cb_pads |. This, together with
the assertion of br_ce |, performs the actual write operation.
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In

General-Purpose Port and LEDs

The 21145 contains a 4-bit port (gep<3:0>) that can be used as either as a general-purpose port or
for network event LEDs. Each of the four pins can be programmed to be either a general-purpose
port pin or for an LED/control pin. Each general-purpose port pin can be programmed to be either
an input pin or an output pin. When programmed as an input pin, gep<1:0> can generate an
interrupt when the pin changesits state either from 1to O or O to 1. Refer to Section 8.3.2.18
(CSR15<30:16>) for adetailed programming description. Table 7-2 provides a description of the
pin connections for 10BASE2 mode selection and LED indicators.

Table 7-2. Mode Selection and LED Indicator Pin Descriptions

Signal

Pin Number,
176-pin
device

Pin Number,
144-pin
device

Description

activ

124

101

This pin provides the receive and transmit activity indication. A
stretcher circuit implemented on this pin enables a direct
connection of the pin to the LED.

rcv_match

125

102

A receive packet passed address recognition.

link

126

103

Link and activity indications. This pin provides link indication for
the 10BASE-T or 100BASE-TX SYM ports. It can also provide
combined link and activity indications. If the MiscHwOptions<0>
bit in the serial ROM is cleared, this pin provides only the link
indication. If the MiscHwOptions<0> bit in the serial ROM is set,
this pin provides both the link and activity indications. In this
mode, an LED connected to this pin remains lit when a link is
present and there is no activity, and blinks when activity is
present.

7-14
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8.1

This chapter describes the 21145’s PCI configuration registers, CardBus Status Changed registers,
command and status registers (CSRs) and HomePNA PHY internal registers. The 21145
implements separate PCI Ethernet and Modem functions (176-pin 21145 only). The two functions
have separate PCI Configuration Spaces and sets of CardBus Status Changed registers. The
Ethernet function is described $ection 8.1o Section 8.3and the Modem function Bection 8.6

to Section 8.8 The HomePNA PHY’s registers are describe8éation 8.5

For both functions, the configuration registers are located in the configuration space and are
accessed through configuration accesses. The configuration registers are used for initialization and
configuration, and accessed by system software.

The Ethernet function’s CSRs are 21145 specific. These registers can be mapped to either the host
I/O address space or the host memory address space. The CSRs are accessed by the 21145 driver
and are used for initialization, pointers, commands, and status reporting.

The CardBus Status Changed registers are standard registers that are defined in the PC Card
Standard. These registers are locatdgt in the host memory address space and are used for
control and status in CardBus applications.

Ethernet Function Memory Map

The 21145 implements two base address registers that can map the 21145 structures to the 1/0 and
the memory address spaces. The I/O base address register (CBIO) can map only the 21145 Ethernet
Function CSRs. The memory base address register (CBMA) can map the 21145 Ethernet Function
CSRs, the 4 CardBus Status Changed registers, and the serial ROM.

Figure 8-1shows the Ethernet Function 21145 structures that are mapped into the host memory
address space.
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Figure 8-1. 21145 Ethernet Function Memory Map

8.2

8-2
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ROM
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BDFH|- === === === - -
Magic Block
3FFH Y
A6517 -01

This figure shows the case where the serial ROM sizeis4 Kb when Intel drivers are used. In this
case, the space that is between 218H and 280H is used by the 21145 drivers. For applications that
arenot using Intel drivers, the space that is between 218H and 3DFH can be used for tuples and for
vendor-specific information. For information about the contents of the serial ROM, see the 21X4
Serial ROM Format specification available from the Intel Developer’s website located at
http://developer.intel.com/.

Ethernet Function Configuration Operation

The 21145 allows full software-driven initialization and configuration. This permits the software to
identify and query the 21145.

The 21145 Ethernet Function treats configuration space write operations to registers that are
reserved as no-ops. That is, the access completes normally on the bus and the data is discarded.

A software reset (CSR0<0>) has no effect on the configuration registers. A hardware reset and exit
from the D3 power state sets the configuration registers to their default values.

The 21145 supports byte, word, and longword accesses to configuration registers.
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8.2.1 Ethernet Function Configuration Register Mapping

Table 8-1 lists the definitions and addresses for the Ethernet function configuration registers and
Figure 8-2 shows the structure.

Table 8-1. Ethernet Function Configuration Registers Mapping

Configuration Register Identifier I/0 Address Offset
Identification CFID O00H
Command and status CFCS 04H
Revision CFRV 08H
Latency timer CFLT OCH

Base I/O address CBIO 10H

Base memory address CBMA 14H
Reserved — 18H — 24H
Card information structure CCIS 28H
Subsystem ID CSID 2CH
Expansion ROM base address (176-pin 21145 only) CBER 30H
Capabilities Pointer CCAP 34H
Reserved — 38H
Interrupt CFIT 3CH
Device and Driver area CFDD 40H
Reserved — 44H - D8H
Capability ID CCID DCH
Power Management Control and Status CPMC EOH
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Figure 8-2. Configuration Register Structure

8-4

Device ID Vendor ID 00H

Status Command 04H

Class Code Revision ID 08H

Reserved Latency Timer Cache Line Size OCH

Base Address Register0-CBIO 10H

Base Address Registerl-CBMA 14H
Reserved ;i:-

CardBus CIS Pointer 28H

Subsystem ID Subsystem Vendor ID 2CH
Expansion ROM Base Address 30H

Reserved | Capabilities Pointer | 34H

Reserved 38H

Max_Lat Min_Gnt Interrupt Pin | Interrupt Line 3CH
Device and Driver Area 40H
Reserved 44H-

D8H

Power Management Capabilities Next Item Pointer |§:E{?fti)é|£i% Sn DCH
Reserved Power Management Control Status EOH

A6518 -01
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8.2.2 Standard Ethernet Function Configuration Registers

The 21145 Ethernet function implements 13 standard PCI configuration registers. These registers
are described in the following subsections.

8.2.2.1 Ethernet Function Configuration ID Register (CFID—-Offset 00H)

The CFID register identifies the 21145 Ethernet Function. Figure 8-3 shows the CFID register bit
fields and Table 8-2 describes the bit fields.

Figure 8-3. CFID Register Bit Fields

31 30 29 28 27 26 25 24 23 2221 20,1918 17 16 151413 12 1110 9 8 7 6 5 4 3 2 1 0
1T rrrrrrririrririril rTrrrrrrrrrrrrnrirird

Device ID Vendor ID

A6521-01

Table 8-2. CFID Register Bit Fields Description

Field Description

Device ID

31:16
Provides the unique 21145 Ethernet Function ID number (0039H).

Vendor ID

15:0
Specifies the manufacturer ID of the 21145 (8086H).

Table 8-3 lists the access rules for the CFID register.

Table 8-3. CFID Register Access Rules

Category Description

Value after hardware reset 00398086H

Read access rules —

Write access rules Writing has no effect.
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8.2.2.2 Command and Status Configuration Register (CFCS-Offset 04H)

The CFCS register is divided into two sections: a command register (CFCS<15:0>) and a status
register (CFCS<31:16>).

The command register provides control of the 21145’s ability to generate and respond to PCI
cycles. When 0 is written to this register, the 21145 logically disconnects from the PCI bus for all
accesses except configuration accesses.

The status register records status information for the PCI bus-related events. The CFCS status bits
are not cleared when they are read. Writing 1 to these bits clears them; writing 0 has no effect. If
the CFCS is addressed by the host before these bits are loaded from the serial ROM, the 21145
responds with a retry termination on the PCI bus.

Figure 8-4shows the CFCS register bit fields.
Figure 8-4. CFCS Register Bit Fields

31 30 29 28 26 25 24 23 22 21 20,19 9 8 6 54 3210

Detected Parity Error_T
Signal System Error
Received Master Abort
Received Target Abort
Device Select Timing

Data Parity Report
Fast Back-to-Back
New Capabilities
System Error Enable
Parity Error Response
Memory Write and Invalidate Enable
Master Operation
Memory Space Access
1/0 Space Access

A6522-01
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Table 8-4 describes the CFCS register bit fields.

Table 8-4. CFCS Register Bit Fields Description

Field Bit Type Description
Detected Parity Error
31 Status When set, indicates that the 21145 detected a parity error, even if parity error

handling is disabled in parity error response (CFCS<6>).
Signal System Error

30 Status When set, indicates that the 21145 asserted the system error serr_| pin.
29 Stat Received Master Abort
ans When set, indicates that the 21145 terminated a master transaction with master abort.
Received Target Abort
28 Status

When set, indicates the 21145 master transaction was terminated due to a target abort.
Device Select Timing

26:25 | Status Indicates the timing of the assertion of device select (devsel_I). These bits are fixed
at 01, which indicates a medium assertion of devsel_|I.

Data Parity Report

This bit sets when all of the following conditions are met:

» 21145 asserts parity error perr_| or it senses the assertion of perr_| by another
device.

» 21145 operates as a bus master for the operation that caused the error.
» Parity error response (CFCS<6>) is set.
Fast Back-to-Back
23 Status Always set by the 21145. This indicates that the 21145 is capable of accepting fast
back-to-back transactions that are not sent to the same bus device.
New Capabilities
Indicates whether or not the 21145 implements a list of new capabilities.
When set, this bit indicates the presence of New Capabilities. When cleared, New
Capabilities are not implemented.

The value of this bit is loaded from FuncO_HwOptions<3> bit (PME_Enable) in the
serial ROM.
System Error Enable

8 Command When set, the 21145 asserts system error (serr_|) when it detects a parity error on
the address phase (ad<31:0> and c_be_[<3:0>).

Parity Error Response

When set, the 21145 asserts fatal bus error (CSR5<13>) after it detects a parity error.
When reset, any detected parity error is ignored and 21145 continues normal operation.
Parity checking is disabled after a hardware reset.

Memory Write and Invalidate Enable

When set, the 21145 is allowed to generate the memory write and invalidate command.
When reset, the 21145 capability to generate the memory write and invalidate
command is disabled.

Master Operation

When set, the 21145 is capable of acting as a bus master.

When reset, the 21145 capability to generate PCl accesses is disabled.

For normal 21145 operation, this bit must be set.

Memory Space Access

1 Command When set, the 21145 responds to memory space accesses.

When reset, the 21145 does not respond to memory space accesses.

1/0O Space Access

0 Command When set, the 21145 responds to I/O space accesses.

When reset, the 21145 does not respond to I/0O space accesses.

24 Status

20 Status

6 Command

4 Command

2 Command

Table 8-5 lists the access rules for the CFCS register.
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Table 8-5. CFCS Register Access Rules

Category Description
Value after hardware reset 02800000H
Read access rules —
Write access rules —

8.2.2.3 Configuration Revision Register (CFRV-Offset 08H)

The CFRV register contains the 21145 revision number. Figure 8-5 shows the CFRV register bit
fields and Table 8-6 describes the hit fields.

Figure 8-5. 21145 CFRV Register Bit Fields

31 30 29 28 27 26 25 24,23 22 21 20,19 18 17 16 15 876 543210
T T T

Base Class —T

Subclass
Revision Number
Step Number

AB523-01
Table 8-6. CFRV Register Bit Fields Description
Field Description
Base Class
31:24 . .
Indicates a network controller and is equal to 2H.
Subclass
23:16 . .
Indicates a fast Ethernet controller and is equal to OH.
74 Revision Number
' Indicates the 21145 Ethernet function revision number.
30 Step Number
’ Indicates the 21145 Ethernet function step number within the current revision.
Table 8-7 lists the revision and step numbers for each variant of the device.
Table 8-7. 21145 Ethernet Function Revision and Step Number
Device Revision Number | Step Number
21145, 144-pin, BO stepping (DC1116, order no. DE-NH978-TA) 1 1
21145, 176-pin, BO stepping (DC1116, order no. DE-NH978-AA) 1 9

Table 8-8 lists the access rules for the CFRV register.
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Table 8-8. CFRV Register Access Rules

Category Description

02000019H for 176-pin

Value after hardware reset 02000011H for 144-pin

Read access rules —

Write access rules Writing has no effect.

8.2.2.4 Configuration Latency Timer Register (CFLT-Offset OCH)

This register determines whether the 21145 Modem function is enabled (176-pin device only) and
configures the cache line size field and the 21145 latency timer. Figure 8-6 shows the CFLT bit
field and Table 8-9 describes the CFLT hit field.

Figure 8-6. CFLT Configuration Latency Timer Register

31 30 29 28 27 26 25 24 23 2221 20,19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0

Header Type T
Configuration Latency Timer
Cache Line Size

A6524-01

Table 8-9. CFLT Register Bit Fields Description

Field Description
Header Type
23:16 Specifies whether 21145 Modem function is enabled.

Value: 80H if function is enabled, O0H if disabled.

Configuration Latency Timer
Specifies, in units of PCI bus clocks, the value of the latency timer of the 21145.

15:8 When the 21145 asserts frame_|, it enables its latency timer to count. If the 21145 deasserts
frame_| prior to count expiration, the content of the latency timer is ignored. Otherwise, after the
count expires, the 21145 initiates transaction termination as soon as its gnt_| is deasserted.

Cache Line Size

Specifies, in units of 32-bit words, the system cache line size. The 21145 supports cache line
7:0 sizes of 8, 16 and 32 longwords. If an attempt is made to write an unsupported value to this
register, the 21145 behaves as if a value of zero was written. If any extended PCI command is
used, the driver should use the value of the cache line size to program the cache alignment bits
(CSR0<15:14>).

Table 8-10 lists the access rules for the CFLT register.
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Table 8-10. CFLT Access Rules

Category

Description

Value after hardware reset OH

Read access rules —

Write access rules —

8.2.2.5 Configuration Base 1/0 Address Register (CBIO-Offset 10H)

The CBIO register specifies the base I/0 address for accessing the 21145 Ethernet Function CSRs
(CSR0-15, CSR1-PM and CSR2-PM). For example, if the CBIO register is programmed to
1000H, the I/O address of CSR15 is equal to CBIO + CSR15-offset for a value of 1078H
(Table 8-3).

This register must be initialized prior to accessing any Ethernet CSR with 1/O access.

Figure 8-7shows the CBIO register bit fields amdble 8-11describes the bit fields.

Figure 8-7. CBIO Register Bit Fields

Configuration Base I/O Address T
1/0 Space Indicator

31302928 2726 2524 2322212019181716 151413121110 9 8 7 6 10

A6525-01

Table 8-11. CBIO Register Bit Fields Description

Field

Description

317

Configuration Base /O Address
Defines the base address assigned for mapping the 21145 Ethernet Function CSRs.

6:1

This field value is 0 when read.

1/0 Space Indicator
Determines that the register maps into the I/O space. The value in this field is 1. This is a read-
only field.

Table 8-12lists the access rules for the CBIO register.

Table 8-12. CBIO Register Access Rules

Category

Description

Value after hardware reset Undefined

Read access rules —

Write access rules —

8-10
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8.2.2.6 Configuration Base Memory Address Register (CBMA—Offset 14H)

The CBMA register specifies the base memory

address for memory accessesto the 21145 Ethernet

Function structures. The CBMA maps 18 21145-specific CSRs, 4 CardBus Status Changed

registers, and the serial ROM.

This register must beinitialized prior to accessi

Figure 8-8 shows the CBMA register bit fields
Figure 8-8. CBMA Register Bit Fields

ng any CSR with memory access.

and Table 8-13 describes the bit fields.

31 30 29 28,27 26 25 2423 22 2120 19 18 17 16 15 14 13 12.1110 9 8.7 6 10

Configuration Base Memory Address 41

Memory Space Indicator

A6526-01

Table 8-13. CBMA Register Bit Fields Description

Field Description
31-10 Configuration Base Memory Address

' Defines the base address assigned for mapping the 21145 CSRs.
9:1 This field value is 0 when read.

Memory Space Indicator

0 Determines that the register maps into tl
read-only field.

he memory space. The value in this field is 0. This is a

Table 8-14 lists the access rules for the CBMA register.
Table 8-14. CBMA Register Access Rules
Category Description
Value after hardware reset Undefined
Read access rules —
Write access rules —
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8.2.2.7 Configuration Card Information Structure Register (CCIS—Offset 28H)

The CCISregister is aread-only 32-hit register. This register points to one of the possible address
spaces where the card information structure (CIS) begins. The pointer is used in a CardBus PC
Card environment. The content of the CCISisloaded from the serial ROM after a hardware reset.
If the CCISis accessed by the host before its content is loaded from the serial ROM, the 21145
responds with retry termination on the PCI bus. A value of O in this register indicatesthat CISis
not supported.

Figure 8-9 shows the CCI S register bit fields and Table 8-15 describes the bit fields.
Figure 8-9. CCIS Register Bit Fields

31 28 27 0302 00

ROM Image _1

Address Space Offset
Address Space Indicator.

A6527-01

Table 8-15. CCIS Register Bit Fields Description

Field Description

ROM Image

31:28
The 4-bit ROM image field value when the CIS resides in an expansion ROM.

Address Space Offset

27:3 This field contains the address offset within the address space indicated by the address space
indicator field (CCIS<2:0>).

Address Space Indicator
This field indicates the location of the CIS base address.

2:0 The 21145 supports the value of 2, indicating that the CIS is stored in the serial ROM, and 7,
indicating that the CIS is stored in the expansion ROM.

Any value other than 2 or 7 may lead to unpredictable behavior.

Table 8-16 lists the access rules for the CCIS register.

Table 8-16. CCIS Register Access Rules

Category Description

Value after hardware reset Read from serial ROM.

Read access rules —

Write access rules Write has no effect on 21145.
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8.2.2.8 Subsystem ID Register (CSID—-Offset 2CH)

The CSID register is aread-only 32-bit register. The content of the CSID is loaded from the serial
ROM after a hardware reset. If the CSID is accessed by the host before its content is loaded from
the serial ROM, the 21145 responds with retry termination on the PCI bus. The valueis 0 if the
serial ROM data integrity check fails.

Figure 8-10 showsthe CSID register hit fields and Table 8-17 describes the bit fields.
Figure 8-10. CSID Register Bit Fields

31 16 15 0

Subsystem ID T
Subsystem Vendor ID

A6528-01

Table 8-17. CSID Register Bit Fields Description

Field Description
31:16 Subsystem ID
' A 16-bit field containing the Ethernet Function’s subsystem ID.
Subsystem Vendor ID
15:0

A 16-bit field containing the Ethernet Function’s subsystem vendor ID.

Table 8-18 lists the access rules for the CSID register.

Table 8-18. CSID Register Access Rules

Category Description

Value after hardware reset Read from serial ROM.

Read access rules —

Write access rules Write has no effect on 21145.
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8.2.2.9 Expansion ROM Base Address Register (CBER-Offset 30H)

Thisregister isvalid for the 176-pin 21145 only. The CBER register specifies the expansion ROM
base address and provides information about the expansion ROM size. This register must be
initialized prior to accessing the expansion ROM with longword access (see Section 7.3).

Figure 8-11 shows the CBER register bit fields and Table 8-19 describes the hit fields.
Figure 8-11. CBER Register Bit Fields

31 30 29 28 27 26 25 24 23 222120 19 18 17 16 15 14 13 12 11 10 9 10

Expansion ROM Base Address T
Expansion ROM Enable Bit

A6529-01

Table 8-19. CBER Register Bit Fields Description

Field Description

Expansion ROM Base Address

31:10 Defines the base address assigned for mapping the expansion ROM. It also provides information
about the expansion ROM size. CBER<17:10> are hardwired to 0, indicating that the expansion
ROM size is up to 256KB.

9:1 This field value is 0 when read.

Expansion ROM Enable Bit

0 The 21145 responds to its expansion ROM accesses only if the memory space access bit
(CFCS<1>) and the expansion ROM enable bit are both set to 1.

Table 8-20 lists the access rules for the CBER register.

Table 8-20. CBER Register Access Rules

Category Description

Value after hardware reset XXXX0000H

Read access rules —

Write access rules —
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8.2.2.10 Capabilities Pointer (CCAP-Offset 34H)

The CCAP register has a pointer to the power-management register block in the PCI configuration
space. This pointer isvalid only if the new capabilities bit in CFCSis set.

Figure 8-12 showsthe CCAP register hit fields and Table 8-21 describes the hit fields.
Figure 8-12. CCAP Register Bit Fields

31 30 29 28 27 26 25 24 23 222120, 1918 17 16 151413121110 9 8 7 6 5 4 3 2 1 0

Capabilities Pointer T

AB6530-01

Table 8-21. CCAP Register Bit Fields Description

Field Description

Capabilities Pointer
Points to the location of the power-management register block in the PCI configuration space.

7:0 The value of this field is determined by FuncO_HwOptions<3> bit (PME_Enable) in the serial
ROM.

If this bit is set, the value of this field is DCH; otherwise, this field is read as 00H.

Table 8-22 lists the access rules for the CCAP register.

Table 8-22. CCAP Register Access Rules

Category Description

Value after hardware reset 000000DCH or 00000000H?

Read access rules —

Write access rules —

NOTE:
1. According to FuncO_HwOptions<3> (PME_Enable) in the serial ROM.
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8.2.2.11

INlgl.

Configuration Interrupt Register (CFIT-Offset 3CH)

The CFIT register is divided into two sections: the interrupt line and the interrupt pin. CFIT
configures both the system’s interrupt line and the 21145 interrupt pin conné&agiore 8-13
shows the CFIT register bit fields.

Figure 8-13. CFIT Register Bit Fields

31 30 29 28 27 26 25 24 23 2221201918 17 16 15141312 1110 9 8 7 6 5 4 3 2 1 0

MAX_LAT —T

MIN_GNT
Interrupt Pin
Interrupt Line
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Table 8-23describes the CFIT register bit fields.

Table 8-23. CFIT Register Bit Fields Description

Field

Description

31:24

MAX_LAT

This field indicates how often the device needs to gain access to the PCI bus. Time unit is equal to
0.25 ps, assuming a PCI clock frequency of 33 MHz.

The value after a hardware reset is 28H (10 ps).

23:16

MIN_GNT

This field indicates the burst period length that the device needs. Time unit is equal to 0.25 ps,
assuming a PCI clock frequency of 33 MHz. The value after a hardware reset is 14H (5 ps).

15:8

Interrupt Pin
Indicates which interrupt pin the 21145 uses. The 21145 uses INTA# and the read value is O1H.

7:0

Interrupt Line

Provides interrupt line routing information. The basic input/output system (BIOS) writes the routing
information into this field when it initializes and configures the system.

The value in this field indicates which input of the system interrupt controller is connected to the
21145's interrupt pin. The driver can use this information to determine priority and vector
information. Values in this field are system architecture specific.

Table 8-24lists the access rules for the CFIT register.

Table 8-24. CFIT Register Access Rules

8-16

Category

Description

Value after hardware reset

281401XXH

Read access rules

Write access rules
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8.2.2.12 Capability ID Register (CCID—-Offset DCH)

The CCID register isaread-only register that provides information on the 21145 Ethernet Function
power-management capabilities. Figure 8-14 shows the CCID register.

Figure 8-14. CCID Register Bit Fields

31 30 29 28 27 26 25 24 2221201918 16,15 7 0

PME Support D3 cold_T
PME Support D3 hot
PME Support D2

PME Support D1

PME Support DO

D2 Support
D1 Support
Device Specific Initialization
Power Management Event Clock
Power Management PCI Version
Next Item Pointer
Capabilities ID

A6532-01

Table 8-25 describes the CCID register bit fields.

Table 8-25. CCID Register Bit Fields Description (Sheet 1 of 2)

Field Description

PME Support D3q g

If this bit is set, the 21145 asserts PME in D34 power state. Otherwise, the 21145
does not assert PME in D3¢qq.

The value of this bit is loaded from FuncO_HwOptions<6> bit in the serial ROM.

PME Support D3},o¢

30 The value of this field is 1, indicating that the 21145 may assert PME in D3y,o; power
state.

PME Support D2

29 The value of this field is 1, indicating that the 21145 may assert PME in D2 power
state.

PME Support D1

28 The value of this field is 1, indicating that the 21145 may assert PME in D1 power
state.

PME Support DO

27 The value of this field is 0, indicating that the 21145 does not assert PME in DO
power state.

31

D2 Support

26
The value of this field is 1, indicating that the 21145 supports the D2 power state.

D1 Support

25
The value of this field is 1, indicating that the 21145 supports the D1 power state.
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Table 8-25. CCID Register Bit Fields Description (Sheet 2 of 2)

Field Description
Device Specific Initialization
21 The value of this field is 0, indicating that the 21145 does not require a special
initialization code sequence in order to be configured correctly.
Power Management Event Clock
19 The value of this field is 0, indicating that the 21145 does not rely on the presence of
the CardBus clock in order to generate a PME.
Power Management PCI Version
18:16 The value of this field is 001BH, indicating that the 21145 complies with the PCI Bus
Power Management Interface Specification, Revision 1.0.
Next Item Pointer
Points to the location of the next block of the capability list in the PCI Configuration
15:8 Space.
The value of this field is O0H, indicating that this is the last item of the Capability
linked list.
Capabilities ID
7:0 PCI Power Management Registers ID. The value of this field is 01h, indicating that

this is the power-management register block.

Table 8-26 lists the access rules for the CCID register.

Table 8-26. CCID Register Access Rules

8-18

Category

Description

Value after reset

F6010001H1

Read access rules

Write access rules

Write has no effect on 21145.

NOTE:

1. According to FuncO_HwOptions<6> (OnNowD3ColdCap) in the serial ROM.
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8.2.2.13 Power-Management Control and Status Register (CPMC—-Offset EOH)

The CPMC register is used to manage the 21145 Ethernet Function device power state, and to
enable and monitor the 21145 power-management events.

Figure 8-15 shows the CPMC register.
Figure 8-15. CPMC Register Bit Fields

31 . . . 16 15 14 . 9 8 7 . 210
T T T T T T T T T T T T T T T T T T T T T T T T T T
1 1 1 1 L 1 1 1 1 L 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1
T [
PME Status
PME Enable
Power State
AB533-01

Table 8-27 describes the CPM C register bit fields.

Table 8-27. CPMC Register Bit Fields Description

Field Description

PME_Status

This bit indicates that the 21145 has detected a power-management event. If bit
PME_Enable is set, the 21145 also asserts the gep<2>/rcv_match/wake pin.

This bit may be cleared by writing 1 to it after the 21145 is placed in the DO power
15 state.

When this bit is cleared, the 21145 deasserts the gep<2>/rcv_match/wake pin.
Note: This bit is affected by General Enable bit of the Function Event Register
(Function Event Register<4>); see Section 8.4.1. It is not modified by either
hardware or software reset.

PME_Enable

If this bit is set, the 21145 can assert the gep<2>/rcv_match/wake pin. Otherwise,
8 assertion of the gep<2>/rcv_match/wake pin by the 21145 is disabled.

This bit is cleared on power-up reset only and is not modified by either hardware or
software reset.

Power State

This field is used to set the current power state of the 21145 and to determine its
power state. The definitions of the field values are:

0-DO
1.0 1-D1
2-D2
3-D3
This field gets a value of 0 after power-up. After this field is changed, at least 200 us
must elapse before it can be changed again.

Table 8-28 lists the access rules for the CPMC register.
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Table 8-28. CPMC Register Access Rules

Category Description

Value after reset 0000000XH

Read access rules —

Write access rules —

8.2.3 21145-Specific Configuration Registers

The 21145 implements six 21145-specific configuration registers. These registers are described in
the following subsections.

8.2.3.1 Configuration Device and Driver Area Register (CFDD-Offset 40H)

The CFDD register can be used to store driver-specific information and to control the 21145
power-saving mode.

Figure 8-16 shows the CFDD register bit fields.
Figure 8-16. CFDD Register Bit Fields

31 30 29 16,1514 13 12 1110 9 8 7 0

Sleep Mode 41

Snooze Mode
Driver Special Use
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Table 8-29 describes the CFFD register bit.
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Table 8-29. CFDD Register Bit Fields Description

Field Description

Sleep Mode

When this bit is set, the 21145 enters sleep mode and most of its internal clocks are disconnected.
While in sleep mode, the 21145 must only be accessed through its configuration space. The 21145
31 also allows the clock to be stopped through clkrun while in sleep mode. The 21145 temporarily exits
sleep mode upon hardware reset.

When this bit is reset, a permanent exit from sleep mode is accomplished. Note that this bit must
not be asserted together with bit 30 (snooze mode) in this register.

Snooze Mode

When this bit is set, the 21145 enters snooze mode. In this mode, most of the clocks are
disconnected when they are not needed. When the 21145 needs the clocks, it temporarily connects
the clocks, until the event that caused the clocks to reconnect is completed. For more information,
30 see Section 6.3.2.

While in snooze mode, the 21145 allows the PCI/CardBus clock to be stopped through the
CLKRUN mechanism, if it is not needed.

When this bit is reset, the 21145 exits snooze mode. Note that this bit must not be asserted
together with bit 31 (sleep mode) in this register.

Driver Special Use

15:8
Specifies read and write fields for the driver’s special use.

Table 8-30 lists the access rules for the CFDD register.

Table 8-30. CFDD Register Access Rules

Category Description
Value after hardware reset 8000XX00H
Read access rules —

Write access rules —
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8.3 Ethernet Function CSR Operation

The 21145 CSRs are mapped into the host 1/O or the host memory address space. The CSRs are
guadword aligned, 32 bitslong, and must be accessed using longword instructions with quadword-
aligned addresses only.

Note:  All shaded bitsin the figures are reserved. All reserved fields within non-reserved locations must be
written by software as 0, and must be masked off when read; reserved register and memory locations
must not be written to. Otherwise, unpredictable results will occur.

Retries on second data transactions occur in response to burst accesses.
CSRs are physically located in the chip. The host uses a single instruction to access a CSR.

All CSRs are set to default values by either a hardware or a software reset unless otherwise specified.

8.3.1 Control and Status Register Mapping

8-22

Table 8-31 lists the definitions and addresses for the CSR registers.

Table 8-31. CSR Mapping

Register | Meaning add f;sf;"(“chlSF;?f 8 MA)
CSRO Bus mode O00H
CSR1 Transmit poll demand 08H
CSR1-PM Wake-up frame filter control 08H
CSR2 Receive poll demand 10H
CSR2-PM Wake-up events control and status 10H
CSR3 Receive list base address 18H
CSR4 Transmit list base address 20H
CSR5 Status 28H
CSR6 Operation mode 30H
CSR7 Interrupt enable 38H
CSR8 Missed frames and overflow counter 40H
CSR9 Expansion ROM, serial ROM, and MIl management 48H
CSR10 Expansion ROM programming address 50H
CSR11 General-purpose timer and interrupt mitigation control 58H
CSR12 SIA status 60H
CSR13 SIA connectivity 68H
CSR14 SIA transmit and receive 70H
CSR15 SIA and general-purpose port 78H
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8.3.2 Ethernet Function Host CSRs

The 21145 implements 18 CSRs (CSRO through CSR15, plus CSR1-PM and CSR2-PM), which
can be accessed by the host.

8.3.2.1 Bus Mode Register (CSR0-Offset O00H)

CSRO establishes the bus operating modes. Figure 8-17 shows the CSRO bit fields.
Figure 8-17. CSRO Bus Mode Register

31 27 26 25 24 23 2221 20,19 1817 16 151413121110 9 8 7 6 5 4 3 2 1 0
LI | L LI

EONR - Enable OnNow RegistersJ
WIE - Write and Invalidate Enable

RLE - Read Line Enable

RME - Read Multiple Enable
DBO - Descriptor Byte Ordering Mode
TAP - Transmit Automatic Polling
CAL - Cache Alignment
PBL - Programmable Burst Length
BLE - Big/Little Endian
DSL - Descriptor Skip Length
BAR - Bus Arbitration
SWR - Software Reset

A6535-01

Table 8-32 describes the CSRO hit fields.

Table 8-32. CSRO Register Bit Fields Description (Sheet 1 of 2)

Field Description

EONR—Enable OnNow Registers
When set, CSR1-PM and CSR2-PM are accessible.

26 When this bit is cleared, writing to these registers is interpreted as writing to CSR1 and CSR2
(receive/transmit poll demand).

This bit is cleared upon hardware and software reset.

WIE—Write and Invalidate Enable

When set, the 21145 supports the memory-write-and-invalidate command on the PCI bus. The
21145 uses the memory-write-and-invalidate command while writing full cache lines. While writing
24 partial cache lines, the 21145 uses the memory-write command. Descriptors are also written using
the memory-write command.

When this field is reset, the memory-write command is used for write access.
This bit is effective only if CFCS<4> is set.

RLE—Read Line Enable

When set, the 21145 supports the memory-read-line command on the PCI bus. Read access

23 instructions that reach the cache-line boundary use the memory-read-line command. Read access
instructions that do not reach the cache-line boundary use the memory-read command. This field
operates in conjunction with the read multiple enable (CSR0<21>) field.
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Table 8-32. CSRO Register Bit Fields Description (Sheet 2 of 2)

Field

Description

21

RME—Read Multiple Enable

When set, the 21145 supports the memory-read-multiple command on the PCI bus. The 21145
uses the memory-read-multiple command while reading full cache lines.

If the memory buffer is not cache aligned, the 21145 uses a memory-read command to read up to
the cache line boundary. The 21145 then uses a memory-read-multiple command for reading an
integer number of cache lines. If read line enable (CSR0<23>) is also set, the 21145 uses the
memory-read-line command to align the memory buffer to the cache line.

Read transactions that do not reach the cache line boundary use the memory-read command.
The memory-read command is used to read descriptors.

20

DBO—Descriptor Byte Ordering Mode

When set, the 21145 operates in big endian ordering mode for descriptors only. When reset, the
21145 operates in little endian mode.

19:17

TAP—Transmit Automatic Polling

When set and the 21145 is in a suspended state because a transmit buffer is unavailable, the
21145 performs a transmit automatic poll demand (Table 8-33). This feature is not active in snooze
mode.

15:14

CAL—Cache Alignment

Programmable address boundaries for data burst stop (Table 8-35). If the buffer is not aligned, the
21145 executes the first transfer up to the address boundary. Then, all transfers are aligned to the
specified boundary. When one or more of RLE, WIE or RME are set, this field should be equal to

the system cache line size (CFLT<7:0>).

13:8

PBL—Programmable Burst Length

Indicates the maximum number of longwords to be transferred in one DMA transaction. If reset,
the 21145 burst is limited only by the amount of data stored in the receive FIFO (at least 16
longwords), or by the amount of free space in the transmit FIFO (at least 16 longwords) before
issuing a bus request. When one or more of RLE, WIE or RME are set, the PBL should be greater
than or equal to CAL(CSR0<15:14>).

The PBL can be programmed with permissible values 0, 1, 2, 4, 8, 16, or 32. After reset, the PBL
default value is 0.

BLE—Big/Little Endian

When set, the 21145 operates in big endian byte ordering mode. When reset, the 21145 operates
in little endian byte ordering mode.

Big endian is only applicable for data buffers.

For example, the byte order in little endian of a data buffer is 12345678H, with each digit
representing a nibble. In big endian, the byte orientation is 78563412H.

6:2

DSL—Descriptor Skip Length

Specifies the number of longwords to skip between two unchained descriptors. This is the size of
the gap between the end of one descriptor and the beginning of the next.

BAR—BuUs Arbitration

Selects the internal bus arbitration between the receive and transmit processes. When set, a
round-robin arbitration scheme is applied resulting in equal sharing between processes. When
reset, the receive process has priority over the transmit process, unless the 21145 is currently
transmitting (Section 2.3.5).

SWR—Software Reset

When set, the 21145 resets all internal hardware with the exception of the configuration area; it
does not change the port select setting (CSR6<18>).

Table 8-33 defines the transmit automatic polling bits and lists the automatic polling intervals for
the different ports:

8-24
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Table 8-33. Transmit Automatic Polling Intervals
Polling Interval
CSR0<19:17 10BASE-T 10 Mb/s MII 100 Mb/s MII/SYM HomePNA?
000 TAP Disabled TAP Disabled TAP Disabled
001 200 ps 800 ps 80 us 200 ps — 200 ms
010 600 us 2.4 ms 240 ps 600 ps — 600 ms
011 1.4 ms 5.6 ms 560 ps 1.4 ms —200 ms
100 12.8 us 51.2 pus 5.12 ps 12.8 us —12.8 ms
101 25.6 pus 102.4 ps 10.24 ps 25.6 us — 25.6 ms
110 38.4 ps 153.6 us 15.36 ps 38.4 us — 38.4 ms
111 89.6 ps 358.4 us 35.84 ps 89.6 p—89.6 ms
NOTE:

1. Note that in HomePNA, the interval varies between the values given.
Table 8-34 lists the access rules for the CSRO register.

Table 8-34. CSR0O Access Rules

Category Description

Value after reset F8000000H

Read access rules —

Before writing, the transmit and receive processes must be
stopped; see Section 2.3.5.4 and Section 2.3.6.3. If one or
both of the processes is not stopped, the result is
UNPREDICTABLE.

Write access rules

Table 8-35 defines the cache address alignment bits.

Table 8-35. Cache Alignment Bits

CSR0<15:14> Address Alignment

00 No cache alignment

01 8-longword boundary alignment
10 16-longword boundary alignment
11 32-longword boundary alignment
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8.3.2.2 Transmit Poll Demand Register (CSR1-Offset 08H)

CSR1 isused by the driver to instruct the 21145 to poll the transmit descriptor list. Figure 8-18
shows the CSR1 register bit field and Table 8-36 describes the bit field.

Figure 8-18. CSR1 Register Bit Field

31 30 29 28,27 26 25 24,23 2221 20,19 18 17 16 151413 12 1110 9 8 7 6 5 4 3 2 1 0
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Transmit Poll Demand

A6536-01

Table 8-36. CSR1 Register Bit Field Description

Field Description

TPD-Transmit Poll Demand (Write Only)

When written with any value, the 21145 checks for frames to be transmitted. If no descriptor is
available, the transmit process returns to the suspended state and CSR5<2> is not asserted. If
the descriptor is available, the transmit process resumes.

31:.0

Table 8-37 lists the access rules for the CSR1 register.

Table 8-37. CSR1 Register Access Rules

Category Description

Value after reset FFFFFFFFH

Read access rules —

This register can be written only when the CSR0<26> bit

Write access rules is cleared.

8-26 21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual




I n ® Registers

8.3.2.3 Wake-Up Frame Filter Register (CSR1-PM-Offset 08H)

This register is used for loading the wake-up frame filter register.

In order to load the wake-up frame filter register, CSR0<26> must be set and CSR1-PM must be
written eight times.

The wake-up frame filter register is undefined after reset, except for the filter command that gets
the value of 0. Figure 8-19 shows the CSR1-PM register bit field and Table 8-38 describes the bit
field.

Figure 8-19. CSR1-PM Register Bit Field

Wake-up Frame Filter

A6537-01

Table 8-38. CSR1-PM Register Bit Field Description

Field Description

Wake-Up Frame Filter

31:0 The first value written to this register, after CSR0<26> was set, is loaded by the 21145 to the first
longword in the wake-up frame filter register (filter_0_byte_mask). The second value written to
this register is loaded to the second longword in the wake-up frame filter register and so on.

Table 8-39 lists the access rules for the CSR1-PM register.

Table 8-39. CSR1-PM Register Access Rules

Category Description
Value after reset Undefined
Read access rules This is a write-only register.

This register can be written only when the CSR0<26> bit

Write access rules .
is set.
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8.3.24 Wake-Up Frame Filter Register

Figure 8-20 shows the wake-up frame filter register.
Figure 8-20. Wake-Up Frame Filter Register Structure

Filter 0 Byte Mask
Filter 1 Byte Mask
Filter 2 Byte Mask
Filter 3 Byte Mask

Filter 3 Filter 2 Filter 1 Filter 0
Reserved Command Reserved Command Reserved Command Reserved Command
Filter 3 Offset Filter 2 Offset Filter 1 Offset Filter 0 Offset
Filter 1 CRC-16 Filter 0 CRC-16
Filter 3 CRC-16 Filter 2 CRC-16
A6595 -01

8.3.2.4.1 Filter i Byte Mask

Thisregister defines which bytes of the incoming frames are examined by filter i in order to
determine whether or not thisis awake-up frame. Figure 8-21 shows the filter i byte mask register
and Table 8-40 describes the bit fields.

Figure 8-21. Filter i Byte Mask Bit Fields

31 " " " " " " O

MBZ
Byte Mask

A6538-01

Table 8-40. Filter i Byte Mask Descriptions

Field Description
MBZ
31 -
This bit must be zero.
Byte Mask
If bit number j of the byte mask is set, byte number
30:0 pattern-offset + j of the incoming frame is processed by the CRC machine. Otherwise, byte

pattern-offset + j is ignored.
This field is not affected by either power-up, hardware, or software reset.
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Table 8-41 lists the access rules for the filter i byte mask register.

Table 8-41. Filter i Byte Mask Register Access Rules

Category Description
Value after reset Undefined
Read access rules This is a write-only register.

Write access rules —

8.3.2.4.2 Filteri Command

This register controlsthefilter i operation. Figure 8-22 shows the filter i command register.

Figure 8-22. Filter i Command Bit Fields

3210

Address Type _T

Add Previous
Inverse Mode
Enable Filter

AB539-01

Table 8-42 describes the filter i command bit fields.

Table 8-42. Filter i Command Descriptions

Field Description
Address Type
3 Defines the destination address type of the pattern.
When this bit is set, the pattern applies only to multicast frames.
When this bit is cleared, the pattern applies only to unicast frames.
Add Previous
When this bit is set, the 21145 performs a logical AND between the current filter matching signal
2 and the matching signal of the previous filter.
For the first filter, the 21145 chains the filter’s matching signal with the result of the global unicast
filter (CRS2-PM<9>).
Inverse Mode
1 When this bit is set, the 21145 uses its match signal as a rejection signal. A frame that does not
match this filter causes the 21145 to generate a power-management event.
0 Enable Filter
When this bit is set, filter i is enabled, otherwise, filter i is disabled.

Table 8-43 lists the access rules for the filter i command register.
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Table 8-43. Filter i Command Register Access Rules

Category Description
Value after reset 00000000H
Read access rules This is a write-only register.

Write access rules —

8.3.2.4.3 Filter i Offset

This register defines the offset in the frame’s destination address field from which the frames are
examined by filter iFigure 8-23shows the filter i offset register amdble 8-44describes the bit

fields.
Figure 8-23. Filter i Offset Bit Fields

Pattern Offset T

ABG540-01

Table 8-44. Filter i Offset Descriptions

Field Description

Pattern Offset

The offset of the first byte in the frame that is examined by the 21145 in order to check if an
7:0 incoming frame is a wake-up frame. Offset 0 is the first byte of the incoming frame’s destination
address. The minimum value allowed for this field is 12.

This field is not affected by either power-up, hardware, or software reset.

Table 8-45lists the access rules for the filter i offset register.

Table 8-45. Filter i Offset Register Access Rules

Category Description

Value after reset Undefined

Read access rules This is a write-only register.
Write access rules —
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8.3.2.4.4 Filter i CRC-16

This register contains the CRC-16 result of aframe that should passfilter i. Figure 8-24 shows the
filter i CRC-16 register and Table 8-46 describes the bit fields.

Figure 8-24. Filter i CRC-16 Bit Fields

Pattern CRC16 T

AB6541-01

Table 8-46. Filter i CRC-16 Descriptions

Field Description

Pattern CRC16

This field contains the 16-bit CRC value calculated from the pattern and the byte mask
15:0 programmed to the wake-up filter register block. The 21145 compares the result of its CRC
machine to this value in order to determine whether the frame is a wake-up frame.

This field is not affected by either power-up, hardware, or software reset.

Table 8-47 lists the access rules for the filter i CRC-16 register.

Table 8-47. Filter i CRC-16 Register Access Rules

Category Description
Value after reset Undefined
Read access rules This is a write-only register.

Write access rules —
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8.3.2.5 Receive Poll Demand Register (CSR2—Offset 10H)

CSR2 isused by the driver to instruct the 21145 to poll the receive descriptor list. Figure 8-25
shows the CSR2 bit field and Table 8-48 describes the bit field.

Figure 8-25. CSR2 Register Bit Field

31 30 29 28,27 26 25 24,23 2221 20,19 18 17 16 151413 12 1110 9 8 7 6 5 4 3 2 1 0
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Receive Poll Demand

A6542-01

Table 8-48. CSR2 Register Bit Field Description

Field Description

RPD-Receive Poll Demand (Write Only)

When written with any value, the 21145 checks for receive descriptors to be acquired. If no
descriptor is available, the receive process returns to the suspended state and CSR5<7> is set. If
the descriptor is available, the receive process resumes.

31:.0

Table 8-49 lists the access rules for the CSR2 register.

Table 8-49. CSR2 Register Access Rules

Category Description

Value after reset FFFFFFFFH

Read access rules —

This register can be written only when the CSR0<26> bit

Write access rules is cleared.
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8.3.2.6 Wake-Up Events Control and Status (CSR2-PM-Offset 10H)

Thisregister is used for programming the requested wake-up events and the VLAN parameters,
and monitoring the wake-up events.

In order to program the requested wake-up events and the VLAN parameters, CSR0<26> must be
set. Figure 8-26 shows the CSR2-PM register bit field and Table 8-50 describes the bit field.

Figure 8-26. CSR2-PM Register Bit Field

31 . . . 16 15 121110 9 8 7 6 5 4 3 2 10

0

VLAN Type

VLAN Enable
Global Unicast
MBZ

Wake-up Frame Received
Magic Packet Received
Link Change Detected
Wake-up Frame Enable
Magic Packet Enable
Link Change Enable

A6543-01
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Table 8-50. CSR2-PM Register Bit Field Description

Field

Description

31:16

VLAN Type

If VLAN Enable bit is set (CSR2-PM<11>), this field should be written with the VLAN type defined by
the IEEE 802.1 standard.

11

VLAN Enable
When set, enables the 21145’'s VLAN support.
This field is reset upon hardware and software reset.

Global Unicast

When set, enables any unicast packet filtered by the 21145 address recognition to be a wake-up
frame.

MBZ
This bit must be zero.

Wake-Up Frame Received

If set, indicates that a power-management event was generated due to reception of a wake-up
frame. This bit is cleared by write 1, or upon power-up reset. It is unaffected by either hardware or
software reset.

Magic Packet Received

If set, indicates that a power-management event was generated due to reception of a Magic Packet.
This bit is cleared by write 1, or upon power-up reset. It is unaffected by either hardware or software
reset.

Link Change Detected

If set, indicates that a power-management event was generated due to link change. This bit is
cleared by write 1, or upon power-up reset. It is unaffected by either hardware or software reset.

Wake-Up Frame Enable
If set, enables generation of a power-management event due to reception of a wake-up frame.

Magic Packet Enable
If set, enables generation of a power-management event due to Magic Packet reception

Link Change Enable

If set, enables generation of a power-management event due to link change (not supported for the
HomePNA port).

Table 8-51 lists the access rules for the CSR2-PM register.

Table 8-51. CSR2-PM Register Access Rules

Category

Description

Value after reset Undefined

Read access rules —

Write access rules

This register can be written only when the CSR0<26> bit
is set.
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Note:

®

Registers

Descriptor List Base Address Registers (CSR3-Offset 18H and
CSR4-Offset 20H)

The CSR3 descriptor list base address register is used for receive buffer descriptors, and the CSR4
descriptor list base address register is used for transmit buffer descriptors. In both cases, the
registers are used to point the 21145 to the start of the appropriate descriptor list.

The descriptor listsreside in physical memory space and must be longword aligned. The 21145
behavior is UNPREDICTABL E when the lists are not longword aligned.

Figure 8-27 shows the CSR3 register bit field and Table 8-52 describes the hit field.

Writing to either CSR3 or CSR4 is permitted only when its respective processis in the stopped
state. When stopped, the CSR3 and CSR4 registers must be written before the respective START
command is given (Section 8.3.2.9).

Figure 8-27. CSR3 Register Bit Field

Table 8-52. CSR3 Register Bit Fields Description

31 30 29 28,27 26 25 24,23 2221 20,19 18 17 16 151413 12 1110 9 8 7 6 5 4 3 2 1 0
rrrrrrrrrrrrrnrrrnririrnrroriornTrTrrorioTrd

Start of Receive List

A6544-01

Field Description

Start of Receive List

31:2 - . ) . . . . .
This field contains the base address of the first descriptor in the receive descriptor list.

1:0 Must be 00 for longword alignment.

Table 8-53 lists the access rules for the CSR3 register.

Table 8-53. CSR3 Register Access Rules

Category Description

Value after reset Undefined

Read access rules —

Writing to this register is allowed only when the receive

Write access rules -
process is stopped.
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Figure 8-28 shows the CSR4 register bit field and Table 8-54 describes the bit field.
Figure 8-28. CSR4 Register Bit Field

31 30 29 28,27 26 25 24,23 2221 20,19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0
rrr1rrrrrtrrrrrrritrrrrrtrrrrrtrrri i

Start of Transmit List

AB545-01

Table 8-54. CSR4 Register Bit Fields Description

Field Description

Start of Transmit List
This field contains the base address of the first descriptor in the transmit descriptor list.

1:0 Must be 00 for longword alignment.

31:2

Table 8-55 lists the access rules for the CSR4 register.

Table 8-55. CSR4 Register Access Rules

Category Description

Value after reset Undefined

Read access rules —

Write access rules Writing to this register is allowed only when the receive
process is stopped.
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8.3.2.8 Status Register (CSR5-Offset 28H)

The status register (CSR5) contains all the status bits that the 21145 reports to the host. CSR5 is
usually read by the driver during interrupt service routine or polling. Most of thefieldsin this
register cause the host to be interrupted. CSR5 bits are not cleared when read. Writing 1 to these
bits clears them; writing O has no effect. Each field can be masked by setting the appropriate bit in
CSRY7 (see Section 8.3.2.10).

Figure 8-29 shows the CSR5 register bit fields.
Figure 8-29. CSR5 Register Bit Fields

31 29 28 27 26 25 24,23 2221 20,1918 17 16,1514 13 12 1110 9 8 7 6 5 4 3 2 1 0
LI LI L]

HRI - HomePNA PHY Interruth
LC - Link Changed

GPI - General-Purpose Port Interrupt.
EB - Error Bits.
TS - Transmission Process State
RS - Receive Process State
NIS - Normal Interrupt Summary.
AIS - Abnormal Interrupt Summary
ERI - Early Receive Interrupt
FBE - Fatal Bus Error

LNF - Link Fail
GTE - General-Purpose Timer Expired
ETI - Early Transmit Interrupt
RWT - Receive Watchdog Timeout
RPS - Receive Process Stopped
RU - Receive Buffer Unavailable
RI - Receive Interrupt
UNF - Transmit Underflow
LNP/ANC - Link Pass or Autonegotiation Completed
TJT - Transmit Jabber Timeout
TU - Transmit Buffer Unavailable
TPS - Transmit Process Stopped
TI - Transmit Interrupt,

AB6546-01

Table 8-56 describes the CSR5 register bit fields.
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Table 8-56. CSR5 Register Bit Fields Description (Sheet 1 of 3)

Field

Description

28

HRI—HomePNA PHY Interrupt

Indicates an interrupt event from the HomePNA PHY. For a description of the possible interrupt
events, and to selectively mask which events cause the HRI bit to be set, see sections 8.5.3.3 and
8.5.3.4.

27

LC—Link Changed

Indicates that the 100BASE-T link status has changed from link pass to link fail or from link fail to
link pass. The new status can be read from CSR12<1>, 100BASE-T link status.

26

GPl—General-Purpose Port Interrupt

Indicates an interrupt from the general-purpose port. The value of this bit is the logical OR of:
CSR15<30>—Receive match interrupt
CSR15<29>—General-purpose port interrupt 1
CSR15<28>—General-purpose port interrupt 0

Only unmasked bits affect the value of the general-purpose port CSR5<26> bit.

25:23

EB—Error Bits (Read Only)

Indicates the type of error that caused bus error. Valid only when fatal bus error CSR5<13> is set
(Table 8-57).

This field does not generate an interrupt.

22:20

TS—Transmission Process State (Read Only)
Indicates the state of the transmit process (Table 8-58). This field does not generate an interrupt.

19:17

RS—Receive Process State (Read Only)
Indicates the state of the receive process (Table 8-59). This field does not generate an interrupt.

16

NIS—Normal Interrupt Summary

Normal interrupt summary bit. Its value is the logical OR of:
CSR5<0>—Transmit interrupt
CSR5<2>—Transmit buffer unavailable
CSR5<6>—Receive interrupt
CSR5<11>—General-purpose timer and interrupt mitigation control
CSR5<14>—Early receive interrupt

Only unmasked bits affect the normal interrupt summary CSR5<16> bit.
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Table 8-56. CSR5 Register Bit Fields Description (Sheet 2 of 3)

Field

Description

15

AIS—Abnormal Interrupt Summary
Abnormal interrupt summary bits. Its value is the logical OR of:
CSR5<1>—Transmit process stopped
CSR5<3>—Transmit jabber timeout
CSR5<4>—Link pass or autonegotiation completed
CSR5<5>—Transmit underflow
CSR5<7>—Receive buffer unavailable
CSR5<8>—Receive process stopped
CSR5<9>—Receive watchdog timeout
CSR5<10>—Early transmit interrupt
CSR5<12>—Link fail
CSR5<13>—Fatal bus error
CSR5<26>—General-purpose port interrupt
CSR5<27>—Link changed
CSR5<28>—HomePNA Interrupt
Only unmasked bits affect the abnormal interrupt summary CSR5<15> bit.

The transmit interrupt (CSR5<0>) automatically clears the early transmit interrupt (CSR5<10>). To
keep the int_| pin asserted when there are early transmit interrupts with the transmit interrupt
masked, the abnormal interrupt summary bit should remain set after the early transmit interrupt is
cleared. To clear the abnormal interrupt summary bit in this case, the early transmit interrupt bit
should be written with a value of 1.

14

ERI—Early Receive Interrupt

Indicates that the 21145 has filled the first data buffer of the packet. Receive interrupt (CSR5<6>)
automatically clears this bit.

13

FBE—Fatal Bus Error

Indicates that a bus error occurred (Table 8-57). When this bit is set, the 21145 disables all of its bus
access operations.

12

LNF—Link Fail
Indicates a transition to the link fail state in the twisted-pair port. See link fail status CSR12<2>.

This bit is valid only when CSR6<18>, Port Select, is reset; CSR14<8>, Receive Squelch Enable, is
set; and CSR13<3>, 10BASE-T or HomePNA, is 0 (LOBASE-T mode).

Link pass CSR5<4> automatically clears this bit.

11

GTE—General-Purpose Timer Expired

Indicates that the general-purpose timer (CSR11) counter has expired. This timer is mainly used by
the software driver.

10

ETI—Early Transmit Interrupt

Indicates that the packet to be transmitted was fully transferred into the chip’s internal transmit
FIFOs. Transmit interrupt (CSR5<0>) automatically clears this bit, but the abnormal interrupt
summary bit remains set if ETI was enabled.

RWT—Receive Watchdog Timeout

This bit reflects the line status and indicates that the receive watchdog timer has expired while
another node is still active on the network. In case of overflow, the long packets may not be
received.

RPS—Receive Process Stopped
Asserts when the receive process enters the stopped state.
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Table 8-56. CSR5 Register Bit Fields Description (Sheet 3 of 3)

Field

Description

RU—Receive Buffer Unavailable

Indicates that the next descriptor in the receive list is owned by the host and cannot be acquired by
the 21145. The reception process is suspended. To resume processing receive descriptors, the
host should change the ownership of the descriptor and issue a receive poll demand command. If
no receive poll demand is issued, the reception process resumes when the next recognized
incoming frame is received.

CSR5<7> is set only when the previous receive descriptor was owned by the 21145.

RlI—Receive Interrupt

Indicates the completion of a frame reception. Specific frame status information has been posted in
the descriptor. The reception process remains in the running state.

UNF—Transmit Underflow

Indicates that the transmit FIFO had an underflow condition during the packet transmission. The
transmit process is placed in the suspended state and underflow error TDES0<1> is set.

LNP/ANC—Link Pass or Autonegotiation Completed

When autonegotiation is not enabled (CSR14<7>=0), this bit indicates that the 10BASE-T Link
Integrity Test has completed successfully, after the link was down. This bit is also set as a result of
writing 0 to CSR14<12>, Link Test Enable.

When autonegotiation is enabled (CSR14<7>=1), this bit indicates that the autonegotiation has
completed (CSR12<14:12>=5H). CSR12 should then be read for a link status report.

This bit is valid only when port select (CSR6<18>) is reset, and receive squelch enable
(CSR14<8>) is set.

Link fail interrupt (CSR5<12>) automatically clears this bit.

TJT—Transmit Jabber Timeout

Indicates that the transmit jabber timer expired, meaning that the 21145 transmitter had been
excessively active. The transmission process is aborted and placed in the stopped state. This event
causes the transmit jabber timeout TDES0<14> flag to be set.

TU—Transmit Buffer Unavailable

Indicates that the next descriptor on the transmit list is owned by the host and cannot be acquired
by the 21145. The transmission process is suspended. Table 2-14 explains the transmit process
state transitions. To resume processing transmit descriptors, the host should change the ownership
bit of the descriptor and then issue a transmit poll demand command, unless transmit automatic
polling (Table 8-33) is enabled.

TPS—Transmit Process Stopped
Sets when the transmit process enters the stopped state.

TI—Transmit Interrupt

Indicates that a frame transmission was completed and TDES1<31> is set in the first descriptor of
the frame.

Table 8-57 lists the bit codes for the fatal bus error bits.

Table 8-57. Fatal Bus Error Bits

CSR5<25:23> Error Type
000 Parity error®
001 Master abort
010 Target abort
011 Reserved
1xx Reserved
NOTE:

1. The only way to recover from a parity error is by issuing a software reset (CSR0<0>=1).
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Table 8-58 lists the bit codes for the transmit process state.

Table 8-58. Transmit Process State

CSR5<22:20> Process State

000 Stopped—RESET command or STOP COMMAND issued, or transmit jabber expired
001 Running—Fetching transmit descriptor

010 Running—Waiting for end of transmission

011 Running—Reading buffer from memory and queuing the data into the transmit FIFO
100 Reserved

101 Running—Setup packet

110 Suspended—Transmit FIFO underflow, or an unavailable transmit descriptor

111 Running—Closing transmit descriptor

Table 8-59 lists the bit codes for the receive process state.

Table 8-59. Receive Process State

CSR5<19:17> Process State

000 Stopped—RESET or STOP RECEIVE command issued

001 Running—Fetching receive descriptor

010 Running—Checking for end of receive packet before prefetch of next descriptor

011 Running—Waiting for receive packet

100 Suspended—Unavailable receive buffer

101 Running—Closing receive descriptor

110 Runr_ling—FIushing the current frame from the receive FIFO because of unavailable
receive buffer

111 Running—Queuing the receive frame from the receive FIFO into the receive buffer

Table 8-60 lists the access rules for the CSR5 register.

Table 8-60. CSR5 Register Access Rules

Category Description

Value after reset EO0000000H
Read access rules —

CSR5 bits 0 through 16, bit 26, and bit 27 are cleared by writing 1. Writing
Write access rules 0 to these bits has no effect.

CSRS5 bits 17 through 25 are read-only bits.
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8.3.2.9

Figure 8-30. CSR6 Register Bit Fields

8-42

Operation Mode Register (CSR6-Offset 30H)

The operation mode register (CSR6) establishes the receive and transmit operating modes and
commands. CSR6 should be the last CSR to be written as part of initialization. Figure 8-30 shows
the CSR6 register bit fields.

31 30 ,27 26 25 24 23 22212019 18 17 16,1514 13 121110 9 8 7 6 5 4 3 2 1 0

LI
1

SC - Special CaptuiT
Effect Enable

RA - Receive All

IGDL - Ignore Destination Addr LSB

SCR - Scrambler Mode
PCS - PCS Function

TTM - Transmist Threshold Mode
SF - Store and Forward

HBD - Heartbeat Disable

PS - Port Select

CA - Capture Effect Enable

TR - Threshold Control Bits

ST - Start/Stop Transmission Command

FC - Force Collision Mode

OM - Operating Mode

FD - Full-Duplex Mode

PM - Pass All Multicast

PR - Promiscuous Mode

SB - Start/Stop Backoff Counter.
IF - Inverse Filtering

PB - Pass Bad Frames

HO - Hash-Only Filtering Mode

SR - Start/Stop Receive

SR - Hash/Perfect Receive Filtering Mode

AB547-01
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Table 8-61 describes the CSR6 register bit fields.

Table 8-61. CSR6 Register Bit Fields Description (Sheet 1 of 3)

Field

Description

31

SC—Special Capture Effect Enable

When set, enables the enhanced resolution of capture effect on the network (Section 4.9.3). Intel
recommends that this bit be set when CSR6<17> is set.

When clear, the 21145 disables the enhanced resolution of capture effect on the network.

30

RA—Receive All

When set, all incoming packets are received, regardless of the destination address. The address
match is checked according to Table 8-65, and is reported in RDES0<30>.

26

IGDL—Ignore Destination Address LSB

When set, the least significant bit of the destination address is ignored in the MAC's destination
address filtering. This bit is meaningful only if the 21145 is programmed to do perfect address
filtering. It is cleared upon hardware and software reset.

25

MBO—Must Be One
This bit should always be programmed to one.

24

SCR—Scrambler Mode

When set, the scrambler function is active and the MII/SYM port transmits and receives scrambled
signals. This bit must be cleared when CSR6<23> bit is cleared.

Changing this bit during operation may cause UNPREDICTABLE behavior.

23

PCS—PCS Function

When set, the PCS functions are active and the MII/SYM port operates in symbol mode. The
mii_rx_err/sel10_100 pin functions as the select 10/100 output pin.

When reset, the PCS functions are not active, and the MII/SYM port operates in Mll mode. The
mii_rx_err/sel10_100 pin functions as the mii_rx_err input pin.

Changing this bit during operation may cause UNPREDICTABLE behavior.

22

TTM—Transmit Threshold Mode

Selects the transmit FIFO threshold to be either 10 Mb/s or 100 Mb/s (Table 8-62). When set, the
threshold is 10 Mb/s. When reset, the threshold is 100 Mb/s.

This bit can be changed only when the transmit process is in the stopped state.

21

SF—Store and Forward

When set, transmission starts when a full packet resides in the FIFO. When this occurs, the
threshold values specified in CSR6<15:14> are ignored. This bit can be changed only when the
transmit process is in the stopped state.

19

HBD—Heartbeat Disable

When set, the heartbeat signal quality (SQE) generator function is disabled. This bit should be set in
the MII/SYM 100 Mb/s mode and HomePNA mode. In the MIl 10 Mb/s mode this bit should be set
according to the PHY device configuration.

18

PS—Port Select

When reset, the 10BASE-T or HomePNA port is selected according to the CSR13<3> value. When
set, the MII/SYM port is selected (Table 8-63).

During a hardware reset, this bit automatically resets.

A software reset does not affect this bit. In HomePNA mode, this bit can be changed only 200 ps
after last change.

17

CA—Capture Effect Enable

When set, enables the 21145 feature that solves the capture effect problem on the network
(Section 4.9).

When reset, this 21145 feature is disabled. In HomePNA or MIl 10 Mb/s mode of operation, this bit is
left cleared in filtering modes of Hash or Hash only mode
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Table 8-61. CSR6 Register Bit Fields Description (Sheet 2 of 3)

8-44

Field Description
TR—Threshold Control Bits
Controls the selected threshold level for the 21145 transmit FIFO.

15:14 The threshold value has a direct impact on the 21145 bus arbitration scheme (Section 2.3.2).
Transmission starts when the frame size within the transmit FIFO is larger than the threshold. In
addition, full frames with a length less than the threshold are also transmitted.

This bit can be changed only when the transmit process is in the stopped state.

ST—Start/Stop Transmission Command

When set, the transmission process is placed in the running state, and the 21145 checks the
transmit list at the current position for a frame to be transmitted.

Descriptor acquisition is attempted either from the current position in the list, which is the transmit list
base address set by CSR4, or from the position retained when the transmit process was previously
stopped.

If the current descriptor is not owned by the 21145, the transmission process enters the suspended

13 state and transmit buffer unavailable (CSR5<2>) is set. The start transmission command is effective
only when the transmission process is stopped. If the command is issued before setting CSR4, the
21145 behavior will be UNPREDICTABLE.

When reset, the transmission process is placed in the stopped state after completing the
transmission of the current frame. The next descriptor position in the transmit list is saved, and
becomes the current position when transmission is restarted.

The stop transmission command is effective only when the transmission process is in either the
running or suspended state (Table 2-14). In HomePNA mode, the start command can only be issued
at least 200 pus after the transmit process has stopped, see CSR5<1>.

FC—Force Collision Mode

Allows the collision logic to be tested. Meaningful only in internal loopback mode. When set, a

12 collision is forced during the next transmission attempt. This results in 16 transmission attempts with
excessive collision reported in the transmit descriptor (TDES0<8>). In HomePNA mode, this bit can
be changed only 200 ps after last change.

OM—Operating Mode

11:10 | Selects the 21145 loopback operation modes (Table 8-64). In HomePNA mode, this bit can be

changed only 200 pus after last change.

FD—Full-Duplex Mode

When autonegotiation is disabled (CSR14<7> = 0), this bit selects the 21145 half-duplex or full-
duplex operation mode. A 0 selects half-duplex operation while a 1 selects full-duplex operation.
When autonegotiation is enabled (CSR14<7> = 1) and the 21145 is operating in 10BASE-T mode
(CSR6<18> = 0 and CSR13<3> = 0), this bit controls the advertisement of 10BASE-T full-duplex
capability (bit 6) in the transmitted code word. The 21145 will operate in 10BASE-T full-duplex mode

9 only if both link partners are advertising this bit set.

This bit must be 0 in HomePNA mode (CSR6<18> = 0 and CSR13<3> =1).

Changing the full-duplex bit is permitted only if the transmit and receive processes are in the
stopped state.

While in full-duplex mode, heartbeat check is disabled, heartbeat fail (TDES0<7>) should be
ignored, and internal loopback is not allowed. In HomePNA mode (CSR13<3> =1 and CSR6<8> =
0), this bit should be set to 0.

PM—Pass All Multicast

7 When set, indicates that all the incoming frames with a multicast destination address (first bit in the
destination address field is 1) are received. Incoming frames with physical address destinations are
filtered according to the CSR6<0> bit.

e PR—Promiscuous Mode

When set, indicates that any incoming valid frame is received, regardless of its destination address.
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Table 8-61. CSR6 Register Bit Fields Description (Sheet 3 of 3)

Field

Description

SB—Start/Stop Backoff Counter

When set, the internal backoff counter stops counting when any carrier activity is detected. The
21145 backoff counter resumes when the carrier drops. The earliest the 21145 starts its
transmission after carrier deassertion is 9.6 us for 10 Mb/s data rate, 0.96 ps for 100 Mb/s data rate,
and 96 ps for HomePNA. This bit is effective only during the first seven retransmissions of a given
packet.

When reset, the internal backoff counter is not affected by the carrier activity.

IF—Inverse Filtering (Read Only)

When set, the 21145 operates in an inverse filtering mode. This is valid only during perfect filtering
mode (Table 8-65 and Table 2-8).

PB—Pass Bad Frames

When set, the 21145 operates in pass bad frame mode. All incoming frames that passed the
address filtering are received, including runt frames, collided fragments, or truncated frames caused
by FIFO overflow.

If any received bad frames are required, promiscuous mode (CSR6<6>) should be set to 1.

HO—Hash-Only Filtering Mode (Read Only)

When set, and the 21145 is in the DO power state, the device is in an imperfect address filtering
mode for both physical and multicast addresses (Table 2-8).

SR—Start/Stop Receive

When set, the receive process is placed in the running state. The 21145 attempts to acquire a
descriptor from the receive list and processes incoming frames.

Descriptor acquisition is attempted from the current position in the list, which is the address set by
CSR3 or the position retained when the receive process was previously stopped. If no descriptor is
owned by the 21145, the receive process enters the suspended state and receive buffer unavailable
(CSR5<7>) is set.

The start reception command is effective only when the reception process has stopped. If the
command was issued before setting CSR3, the 21145 behavior is UNPREDICTABLE.

When cleared, the receive process enters the stopped state after completing the reception of the
current frame. The next descriptor position in the receive list is saved, and becomes the current
position after the receive process is restarted. The stop reception command is effective only when
the receive process is in running or suspended state (Table 2-13).

In HomePNA mode, the start command can only be issued at least 200 us after the receive process
has stopped, see CSR5<8>.

HP—Hash/Perfect Receive Filtering Mode (Read Only)

When reset, the 21145 does a perfect address filter of incoming frames according to the addresses
specified in the setup frame (Table 2-8).

When set, and the 21145 is in the DO power state, the device does imperfect address filtering of
multicast incoming frames according to the hash table specified in the setup frame. If CSR6<2> is
set, then physical addresses are imperfect address filtered too. If CSR6<2> is reset, physical
addresses are perfect address filtered, according to a single physical address, as specified in the
setup frame.
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Table 8-62 lists the threshold values in bytes.

Table 8-62. Transmit Threshold

csmoats  |csmosie | GRS =0 [Comean -1 [ comeao -1
0 00 72 72 128

0 01 96 96 256

0 10 128 128 512

0 11 160 160 1024

1 XX Store and forward Store and forward Store and forward

Table 8-63 lists the port and data rate selection.

Table 8-63. Port and Data Rate Selection

CSR6 |[CSR6 |[CSR6 |CSR6 | CSR13 . )

<18> <22 <23> <24> <3> Active Port Data Rate Function

0 0 X X 1 HomePNA 1 Mb/s HomePNA Interface

0 0 X X 0 10BASE-T 10 Mb/s 10BASE-T interface
MII with transmit FIFO

1 1 0 0 X Ml 10 Mb/s thresholds appropriate for 10
Mb/s
MII with transmit FIFO

1 0 0 0 X MII/SYM 100 Mb/s thresholds appropriate for
100 Mb/s

1 0 1 0 X MIISYM 100 Mb/s E)(gs function for 100BASE-
PCS and scrambler functions

1 0 1 1 X MII/SYM 100 Mb/s for 100BASE-TX

Table 8-64 selects the 21145 loopback operation modes.

Table 8-64. Loopback Operation Mode

CSR6<11:10> Operation Mode
00 Normal

01 Internal loopback?®
10 External loopback?
NOTES:

1. The selected port is placed in the internal loopback mode of operation. The PCS function (CSR6<23>) and
the scrambler mode (CSR6<24>) are also tested. When the SYM port is in internal loopback mode,
symbols appear on the network. When the Ml port is in internal loopback mode, the signal mii_txen is

disabled.

2. External loopback is not usable in HomePNA mode.
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Table 8-65 lists the codes to determine the filtering mode.

Table 8-65. Filtering Mode

CSR6<7> | CSR6<6> | CSR6<4> | CSR6<2> | CSR6<0> | Filtering Mode

0 0 0 0 0 16 perfect filtering

512-bit hash + 1 perfect filtering.

0 0 0 0 1 This mode is not available in the Ethernet
function D1, D2 and D3 power states.

512-bit hash for multicast and physical

addresses

0 0 0 1 1 . ) ) .
This mode is not available in the Ethernet
function D1, D2 and D3 power states.

0 0 1 0 0 Inverse filtering

X 1 0 0 X Promiscuous

0 1 0 1 1 Promiscuous

1 0 0 0 X Pass all multicast

1 0 0 1 1 Pass all multicast

Note: When CSR6<30> is set (receive all mode), thistable is used to generate the address match status
reported in RDES0<30>.

Table 8-66 describesthe only conditionsthat permit change to afield when modifying valuesto the

CSR6 register.
Table 8-66. CSR6 Register Access Rules (Sheet 1 of 2)

Category Description

Value after reset 32000040H

Read access rules —

Write access rules
* CSR6<22> Receive and transmit processes stopped
* CSR6<21> Receive and transmit processes stopped
* CSR6<17> Receive and transmit processes stopped
* CSR6<16> Receive and transmit processes stopped
* CSR6<15:14> Transmit process stopped
* CSR6<12> Receive and transmit processes stopped
* CSR6<11:10> Receive and transmit processes stopped
* CSR6<9> Receive and transmit processes stopped
* CSR6<8> Transmit process stopped
* CSR6<5> Receive and transmit processes stopped
* CSR6<3> Receive process stopped
* Start_Transmit CSR6<13>=1 CSR4 initialized
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Table 8-66. CSR6 Register Access Rules (Sheet 2 of 2)

Category Description
* Stop_Transmit CSR6<13>=0 Transmit running or suspended
* Start_Receive CSR6<1>=1 CSRa3initialized
* Stop_Receive CSR6<1>=0 Receive running or suspended

8.3.2.10 Interrupt Enable Register (CSR7-Offset 38H)

Theinterrupt enable register (CSR7) enables the interrupts reported by CSR5 (Section 8.3.2.8).
Setting a bit to 1 enables a corresponding interrupt. After a hardware or software reset, all
interrupts are disabled. Figure 8-31 shows the CSR7 register bit fields.

Figure 8-31. CSR7 Register Bit Fields

31 29 28 27 26 171615141312 1110 9 8.7 6 5 4 3 2 1 0
LI rTrr1rr1ruri

1 1 1 ! 11 1 ! 11
HRIE - HomePNA T

PHY Interrupt Enable

LCE - Link Changed Enable
GPE - General-Purpose Port Enable
NIE - Normal Interrupt Summary Enable
AIE - Abnormal Interrupt Summary Enable
ERE - Early Receive Interrupt Enable
FBE - Fatal Bus Error Enable

LFE - Link Fail Enable

GTE - General-Purpose Timer Enable
ETE - Early Transmit Interrupt Enable
RWE - Receive Watchdog Timeout Enable
RSE - Receive Stopped Enable
RUE - Receive Buffer Unavailable Enable
RIE - Receive Interrupt Enable
UNE - Underflow Interrupt Enable
LPE/ANE - Link Pass Enable/Autonegotiation Completed Enable
TJE - Transmit Jabber Timeout Enable
TUE - Transmit Buffer Unavailable Enable
TSE - Transmit Stopped Enable
TIE - Transmit Interrupt Enable

A6548-01
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Table 8-67 describes the CSR7 register hit fields.

Table 8-67. CSR7 Register Bit Fields Description (Sheet 1 of 3)

Field

Description

28

HRIE—HomePNA PHY Interrupt Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the HomePNA
PHY interrupt (CSR5<28>) is enabled.

When this bit is reset, the HomePNA PHY interrupt (CSR5<28>) is disabled.

27

LCE—Link Changed Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the link changed
interrupt (CSR5<27>) is enabled.

When this bit is reset, the link changed interrupt (CSR5<27>) is disabled.

26

GPE—General-Purpose Port Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the general-
purpose port interrupt (CSR5<26>) is enabled.

When this bit is reset, the general-purpose port interrupt (CSR5<26>) is disabled.

16

NIE—Normal Interrupt Summary Enable
When set, normal interrupt is enabled.
When reset, no normal interrupt is enabled. This bit (CSR7<16>) enables the following bits:
CSR5<0>—Transmit interrupt
CSR5<2>—Transmit buffer unavailable
CSR5<6>—Receive interrupt
CSR5<11>—General-purpose timer expired
CSR5<14>—Early receive interrupt

15

AIE—Abnormal Interrupt Summary Enable

When set, abnormal interrupt is enabled.

When reset, no abnormal interrupt is enabled. This bit (CSR7<15>) enables the following bits:
CSR5<1>—Transmit process stopped
CSR5<3>—Transmit jabber timeout
CSR5<4>—Link pass or autonegotiation completed
CSR5<5>—Transmit underflow
CSR5<7>—Receive buffer unavailable
CSR5<8>—Receive process stopped
CSR5<9>—Receive watchdog timeout
CSR5<10>—Early transmit interrupt
CSR5<12>—Link fail
CSR5<26>—General-purpose port interrupt
CSR5<27>—Link changed
CSR5<28>—HomePNA interrupt

14

ERE—Early Receive Interrupt Enable

When this bit and the normal interrupt summary enable bit (CSR7<16>) are set, the early receive
interrupt (CSR5<14>) is enabled.

When this bit is reset, the early receive interrupt (CSR5<14>) is disabled.

13

FBE—Fatal Bus Error Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the fatal bus error
interrupt (CSR5<13>) is enabled.

When this bit is reset, the fatal bus error interrupt (CSR5<13>) is disabled.
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Table 8-67. CSR7 Register Bit Fields Description (Sheet 2 of 3)

Field

Description

12

LFE—Link Fail Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the link fail
interrupt (CSR5<12>) is enabled.

When this bit is reset, the link fail interrupt (CSR5<12>) is disabled.

11

GTE—General-Purpose Timer and Interrupt Mitigation Control Enable

When this bit and the normal interrupt summary enable bit (CSR7<16>) are set, the general-purpose
timer and interrupt mitigation control expired interrupt (CSR5<11>) is enabled.

When this bit is reset, the general-purpose timer and interrupt mitigation control expired interrupt
(CSR5<11>) is disabled.

10

ETE—Early Transmit Interrupt Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the early transmit
interrupt (CSR5<10>) is enabled.

When this bit is reset, the early transmit interrupt (CSR5<10>) is disabled.

RWE—Receive Watchdog Timeout Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the receive
watchdog timeout interrupt (CSR5<9>) is enabled.

When this bit is reset, the receive watchdog timeout interrupt (CSR5<9>) is disabled.

RSE—Receive Stopped Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the receive
stopped interrupt (CSR5<8>) is enabled.

When this bit is reset, the receive stopped interrupt (CSR5<8>) is disabled.

RUE—Receive Buffer Unavailable Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the receive buffer
unavailable interrupt (CSR5<7>) is enabled.

When this bit is reset, the receive buffer unavailable interrupt (CSR5<7>) is disabled.

RIE—Receive Interrupt Enable

When this bit and the normal interrupt summary enable bit (CSR7<16>) are set, the receive interrupt
(CSR5<6>) is enabled.

When this bit is reset, the receive interrupt (CSR5<6>) is disabled.

UNE—uUnderflow Interrupt Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the transmit
underflow interrupt (CSR5<5>) is enabled.

When this bit is reset, the transmit underflow bit (CSR5<5>) is disabled.

LPE/ANE—Link Pass Enable/Autonegotiation Completed Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the link pass/
autonegotiation completed interrupt (CSR5<4>) is enabled.

When this bit is reset, the link pass/autonegotiation completed bit (CSR5<4>) is disabled.

TJE—Transmit Jabber Timeout Enable

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the transmit
jabber timeout interrupt (CSR5<3>) is enabled.

When this bit is reset, the transmit jabber timeout interrupt (CSR5<3>) is disabled.

8-50
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Table 8-67. CSR7 Register Bit Fields Description (Sheet 3 of 3)

Field Description

TUE—Transmit Buffer Unavailable Enable

unavailable interrupt (CSR5<2>) is enabled.
When this bit is reset, the transmit buffer unavailable interrupt (CSR5<2>) is disabled.

When this bit and the normal interrupt summary enable bit (CSR7<16>) are set, the transmit buffer

TSE—Transmit Stopped Enable

process stopped interrupt (CSR5<1>) is enabled.
When this bit is reset, the transmit process stopped interrupt (CSR5<1>) is disabled.

When this bit and the abnormal interrupt summary enable bit (CSR7<15>) are set, the transmit

TIE—Transmit Interrupt Enable

When this bit and the normal interrupt summary enable bit (CSR7<16>) are set, the transmit
interrupt (CSR5<0>) is enabled.

When this bit is reset, the transmit interrupt (CSR5<0>) is disabled.

Table 8-68 lists the access rules for the CSR7 register.

Table 8-68. CSR7 Register Access Rules

8.3.2.11

Category Description

Value after reset E3FEO000H

Read access rules —

Write access rules —

Missed Frames and Overflow Counter Register (CSR8—Offset 40H)

Figure 8-32 shows the CSR8 hit fields and Table 8-69 describes the hit fields.

Figure 8-32. CSR8 Missed Frames and Overflow Counter

31 30 29 28,27 26 25 24,23 22 21 20,19 18 17 16,15 14 13 12,1110 9 8,7 6 5 4,3 2 1 0
T T T T T

OCO - Overflow

Counter Overflow
FOC - FIFO Overflow Counter.
MFO - Missed Frame Overflow
MRC - Missed Frame Counter

A6551-01
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Table 8-69. CSR8 Register Bit Fields Description

Field Description

OCO—Overflow Counter Overflow (Read Only)

28
Sets when the FIFO overflow counter overflows; resets when CSR8 is read.

FOC—FIFO Overflow Counter (Read Only)

27:17 Indicates the number of received frames discarded because of receive FIFO overflow. The
counter clears when read. Packets longer than 4 KB are not counted.

MFO—Missed Frame Overflow (Read Only)

16
Sets when the missed frame counter overflows; resets when CSR8 is read.

MFC—Missed Frame Counter (Read Only)

15:0 Indicates the number of frames discarded because no host receive descriptors were available
(CSR5<7>, RU — Receive Buffer Unavailable). The counter clears when read.

Table 8-70 lists the access rules for the CSR8 register.

Table 8-70. CSR8 Register Access Rules

Category Description

Value after reset E0000000H

Read access rules —

Write access rules This is a read-only register.
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Expansion ROM, Serial ROM, MIl Management and SPI Register
(CSR9-Offset 48H)

The expansion ROM, serial ROM, M1l management and SPI register (CSR9) provides an interface
to the expansion ROM (176-pin 21145 only), seriadl ROM, M1l management and HomePNA PHY
internal registers. It selects the device and contains both the commands and data to be read from
and stored in the expansion ROM and serial ROM. The M1l management selects an operation
mode for reading and writing the M1l PHY registers through the M1l management interface. The
SPl is the interface to access the HomePNA PHY'’s internal registers.

Figure 8-33shows the CSR9 register bit fields.

Figure 8-33. CSR9 Register Bit Fields

31 30 29 28 27 26 25 24,23 2221 20,19 18 17 16,1514 13 12 1110 9 8 7 6 5 4 3 2 1 0
T T T T 171 rrrrriri

SPI_DO - SPI Serial Data Out
SPI_DI - SPI Serial Data In
SPI_CLK - SPI Serial Clock
SPI_CS - SPI Chip Select
MDI - MIl Management Data_in
MIl - MIl Management Operation Mode
MDO - MIl Management Write Data
MDC - MIl Management Clock
RD - ROM Read Operation
WR - ROM Write Operation
ER - Expansion ROM Select
SR - Serial ROM Select
REG - External Register Select
DATA - Expansion ROM Data or Serial ROM Control

A6552-01

Table 8-71describes the CSR9 register bit fields.

Table 8-71. CSR9 Register Bit Fields Description (Sheet 1 of 2)

Field Description

SPI_DO - SPI Serial Data Out

23 SPI_DO is the serial data output bit from the PHY. During a read cycle, data is shifted out from the
PHY register into this bit. Data is clocked out by the falling edge of the serial clock.

SPI_DI - SPI Serial Data In

22 SPI_DI is the serial data input bit to the PHY. All data, opcodes, byte addresses, and data to be
written to the registers are inputted through this bit. Data is latched on the rising edge of the serial
clock.

SPI_CLK — SPI Serial Clock
21 The serial clock controls the serial interface timing for data input and output. Opcodes, addresses, or

data present on the SPI_DI bit are sampled or latched on the rising edge of the SPI_CLK clock input,
while data on the SPI_DO bit changes after the falling edge of the SPI_CLK clock input.
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Table 8-71. CSR9 Register Bit Fields Description (Sheet 2 of 2)

Field

Description

20

SPI_CS - SPI Chip Select

When SPI_CS bit is low, the SPI interface is deselected and the SPI_DO output bit is invalid. A low
to high transition followed by a steady high on the SPI_CS bit enables a read or write function.
Before any read or write operation, this bit should be set low to high and asserted high for the
operation itself.

19

MDI—MII Management Data_In
When reading the MIl PHY registers, this bit samples the value driven by the PHY on the mii_mdio
pin.

18

MIl—MII Management Operation Mode

Defines the operation mode (read or write) of the MIl PHY registers. When set, the 21145 reads the
MII PHY registers. The mii_mdio pin is sampled by the 21145 into the MIl management data in
(CSR9<19>) bit.

When cleared, the 21145 writes to the MIl PHY registers. The mii_mdio pin is driven by the 21145
with the MIl management write data (CSR9<17>) hit.

17

MDO—MII Management Write Data
When writing to the MII PHY device, the 21145 drives the value of this bit on the mii_mdio pin.

16

MDC—MII Management Clock

The value of this bit is driven by the 21145 on the mii_mdc pin. This bit should be cleared at the end
of each Ml register access.

14

RD—ROM Read Operation

Read control bit. When set, together with either CSR9<12>, CSR9<11>, or CSR9<10>, the 21145
performs read cycles from the selected target (expansion ROM, the serial ROM, or external
register).

Setting this bit together with CSR9<13> will cause UNPREDICTABLE behavior.

13

WR—ROM Write Operation

Write control bit. When set, together with either CSR9<12>, CSR9<11>, or CSR9<10>, the 21145
performs write cycles to the selected target (expansion ROM, the serial ROM, or external register).

Setting this bit together with CSR9<14> will cause UNPREDICTABLE behavior.

12

ER—Expansion ROM Select

Valid only for the 176-pin 21145. When set, the 21145 selects the expansion ROM. Setting this bit
together with CSR9<11> or CSR9<10> will cause UNPREDICTABLE behavior.

11

SR—Serial ROM Select

When set, the 21145 selects the serial ROM. Setting this bit together with CSR9<12> or CSR9<10>
will cause UNPREDICTABLE behavior.

10

REG—External Register Select

When set, the 21145 selects an external register (Section 7.5). Setting this bit together with
CSR9<12> or CSR9<11> will cause UNPREDICTABLE behavior.

7:0

DATA—Expansion ROM Data or Serial ROM Control

If the expansion ROM is selected (176-pin 21145 only), this field contains the data to be read from
and written to the expansion ROM.

If the serial ROM is selected, CSR9<3:0> bits are connected to the serial ROM control pins as
follows:

Bit 3, Data Out—This bit samples the value driven by the serial ROM on the sr_do pin.

Bit 2, Data In—The value of this bit is driven by the 21145 on the sr_di pin.

Bit 1, Serial ROM Clock—The value of this bit is driven by the 21145 on the sr_ck pin.

Bit 0, Serial ROM Chip Select—The value of this bit is driven by the 21145 on the sr_cs pin.

If the external register is selected, this field contains the data to be read from and written to the
external register. If CSR9<12> bit is set, this field is not affected by a software reset.
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Table 8-72 lists the access rules for the CSR9 register.

Table 8-72. CSR9 Register Access Rules

Registers

Category

Description

Value after reset

FFX483FFH!

Read access rules

Write access rules

If the 21145 Modem Function is being used (176-pin
21145), there must be a delay of at least 20 PCI cycles
between writing to any modem register and writing to

CSR9.

NOTE:

1. CSR9<14:10> are not affected by software reset.

8.3.2.13 Expansion ROM Programming Address Register (CSR10-Offset 50H)

The expansion ROM programming address register (CSR10) contains the 18-bit expansion ROM
address. Thisregister isvalid for the 176-pin 21145 only.

Figure 8-34 shows the CSR10 register hit field and Table 8-73 describes the bit field.

Figure 8-34. CSR10 Register Bit Field

31 30 29 28 27 26 25 24 23 222120 1918 1716 151413121110 9 8 7 6 5 4 3 2 1 0

Expansion ROM Address

A6553-01
Table 8-73. CSR10 Register Bit Field Description
Field Description
170 Expansion ROM Address
' Contains a pointer to the expansion ROM.
Table 8-74 lists the access rules for the CSR10 register.
Table 8-74. CSR10 Register Access Rules
Category Description
Value after reset Undefined
Read access rules —
Write access rules —
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8.3.2.14

intel.

General-Purpose Timer and Interrupt Mitigation Control Register
(CSR11-Offset 58H)

CSR11 controlsthe receive and transmit interrupt mitigation and contains a 16-bit general -purpose
timer. The general-purpose timer is used mainly by the software driver for timing functions not
supplied by the operating system. After thistimer isloaded, it starts counting down. The expiration
of the timer causes an interrupt in CSR5<11>. If the timer expires and the CON bit is set, the timer
will load itself automatically with the last value loaded. The value that isread by the host in this
register is the current count value. The timer reading accuracy is +1 bit.

The timer operation is based on the existing serial clock. The cycle time of the timer depends on
the port that is selected. The timer is not active in snooze rsedddn 6.3.2

The interrupt mitigation mechanism allows the driver to reduce the number of receive and transmit
interrupts, which reduces the CPU utilization for servicing a large number of interrupts. For more
information about the interrupt mitigation mechanism,3eetion 2.3.3.1

In HomePNA mode, the cycle time is variable, so the general-purpose timer and mitigation
mechanisms are not accurate in this mode.

Figure 8-35shows the CSR11 register bit fields aradble 8-75describes the bit fields.

Figure 8-35. CSR11 Register Bit Fields

8-56

31 30 29 28 27 26 25 24,23 2221 20,19 18 17 16, 151413 12 1110 9 8 7 6 5 4 3 2 1 0

Cycle Size
Transmit Timer
Number of Transmit Packets

Receive Timer

Number of Receive Packets

CON - Continuous Mode
Timer Value

AB6554-01
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Table 8-75. CSR11 Register Bit Fields Description

Field Description

Cycle Size
This field controls the units for the transmit and receive timers.
When set, the cycle size is:

* 10BASE-T mode—12.8 ps

* MII/SYM 100 Mb/s mode—5.12 ps

* MIl 10 Mb/s mode—51.2 ps

* HomePNA mode—between 12.8 pus and 12.8 ms
When cleared, the cycle size is:

* 10BASE-T mode—204.8 us

* MII/SYM 100 Mb/s mode—=81.92 ps

* MIl 10 Mb/s mode—819.2 us

* HomePNA mode—between 204.8 ps and 204.8 ms

31

Transmit Timer

30:27 Indicates the time in units of “16 * Cycle Size” before issuing a transmit interrupt after packet
transmission.

Number of Transmit Packets

26:24 . R L .
Indicates the number of transmit packets before issuing a transmit interrupt.
Receive Timer
23:20 Indicates the time in units of “Cycle Size” before issuing a receive interrupt after packet
reception.
Number of Receive Packets
19:17

Indicates the number of receive packets before issuing a receive interrupt.

CON—Continuous Mode

16 When set, the general-purpose timer is in continuous operating mode. When reset, the general-
purpose timer is in one-shot operating mode.

Timer Value

15:0 Contains the number of iterations of the general-purpose timer. Each iteration duration is the
same as cycle duration when field <31> is cleared.

Table 8-76 lists the access rules for the CSR11 register.

Table 8-76. CSR11 Register Access Rules

Category Description

Value after reset 00000000H

The values returned from this register’s fields are the

Read access rules .
current count values of the timers and counters.

Write access rules —
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8.3.2.15 SIA Status Register (CSR12-Offset 60H)

Figure 8-36 shows the CSR12 register hit fields.
Figure 8-36. CSR12 Register Bit Fields

31 30 29 28 27 26 25 24,23 2221 20,19 18 17 16,1514 13 12 1110 9 8 7 6 5 4 3 2 1 0
rrrrrrrrrrrrrri LI} LI

LPC - Link Partner's Link Code Word

LPN - Link Partner Negotiable
ANS - Autonegotiation Arbitration State
TRF - Transmit Remote Fault
NSN - Non-Stable NLPs Detected
TRA - 10BASE-T Receive Port Activity.
HRA - HomePNA Receive Port Activity
APS - Autopolarity State
LS10 - 10-Mb/s Link Status
LS100 - 100-Mb/s Link Status
MRA Mll receive Port Activity

AB555-01

Table 8-77 describes the CSR12 register bit fields.

Table 8-77. CSR12 Register Bit Fields Description (Sheet 1 of 2)

Field Description

LPC—Link Partner’s Link Code Word

31:16 These bits contain the link partner’s link code word, where bit 16 is SO (selector field bit 0) and bit 31
is NP (Next Page). Effective only when CSR12<15> is set.

LPN—Link Partner Negotiable

15 This bit is set when the link partner is recognized to be a device that implements the
autonegotiation algorithm. Effective only when CSR14<7> is set.

ANS—Autonegotiation Arbitration State
The CSR12<14:12> bhits reflect the current autonegotiation arbitration state as follows:
000—Autonegotiation disable
001—Transmit disable
010—Ability detect
011—Acknowledge detect
14:12 100—Complete acknowledge
101—FLP link good; autonegotiation complete
110—Link check
When autonegotiation is completed, an ANC interrupt (CSR5<4>) is generated.

These bits can also be used to restart the autonegotiation sequence. This is done by writing a
pattern of 001 into this field, provided that autonegotiation enable (CSR14<7>) is set. Otherwise,
these bits should be written as 0.

TRF—Transmit Remote Fault

1 When set, the 21145 sets bit 13 (remote fault bit) in the transmitted link code words. This can be
used to inform the link partner that some fault has occurred.
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Table 8-77. CSR12 Register Bit Fields Description (Sheet 2 of 2)

Field

Description

10

NSN—Non-Stable NLPs Detected

When set, indicates that the 10BASE-T normal link pulse (NLP) is not stable. The Link Integrity Test
passed for a while, but failed later during negotiation. This means that NLPs were recognized on the
line, but were not stable enough to cause autonegotiation completion.

This bit is cleared by a read transaction. Effective only when CSR14<7> is set.

TRA—10BASE-T Receive Port Activity

Sets when there is receive activity on the 10BASE-T port. This bit is valid only if port select
CSR6<18> is reset. This bit is cleared by writing 1.

HRA—HomePNA Receive Port Activity

Sets when there is receive activity on the HomePNA port. This bit is valid only if port select
CSR6<18> is reset. This bit is cleared by writing 1.

APS—Autopolarity State

When set, the 10BASE-T polarity is positive. When reset, the 10BASE-T polarity is negative. The
received bit stream is inverted by the receiver. (Refer to autopolarity enable CSR14<13> and set
polarity plus CSR14<14>).

LS10—10 Mb/s Link Status

This bit continuously reflects the 10BASE-T link test status. When set, the 10BASE-T link test is in
fail state. When reset, the 10BASE-T link test is in pass state. This bit is effective only in 10BASE-T
mode, and only when CSR14<8>, Receive Squelch Enable, is set.

During link fail, when in 10BASE-T mode, the 21145 does not transmit any packet to the media. A
packet queued internally for transmission will not be processed and will be left pending. However,
any queued packets in the transmit list can be closed by the 21145 with the following set:
TDESO0<2>—Link fail
TDESO0<10>—No carrier
TDESO0<11>—Loss of carrier
During link fail, when in 10BASE-T mode, the 21145 does not receive any packet from the media.

The 21145 moves from the link fail state to the link pass state when it receives a legal link pulse
stream or two consecutive packets. These packets are discarded internally.

When autonegotiation (CSR14<7>) is set, the LS10 bit is effective only if autonegotiation arbitration
state (CSR12<14:12>) is 101 (autonegotiation completed).

LS100—100 Mb/s Link Status
This bit continuously reflects the 100BASE-TX link test status.

When set, the 100BASE-TX link test is in fail state. Any packets queued for transmission will be
transmitted but not received by the link partner.

When reset, the 100BASE-TX link test is in pass state.
This status is derived from the sd pin and is effective only when CSR6<23> (PCS function) is set.

This bit is effective regardless of the status of CSR6<18> (Port Select) and CSR14<7>
(Autonegotiation Enable).

When autonegotiation (CSR14<7>) is set, the LS100 bit is effective only if autonegotiation arbitration
state (CSR12<14:12>) is 101 (autonegotiation completed).

MRA—MII Receive Port Activity

This bit is set when there is receive activity on the MIl port and the MII port is selected. This bit is
cleared by writing 1.

Table 8-78 lists the access rules for the CSR12 register.
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Table 8-78. CSR12 Register Access Rules

Category Description

Value after reset 000000C6H

Read access rules —

CSR12<0>, CSR12<8>, and CSR12<9> are cleared by
Write access rules Wri'ti_ng 1. Writing O to these same bits hqs no effect. _

Writing to the remainder of the CSR12 bits (except bits
14:11) has no effect.

8.3.2.16 SIA Connectivity Register (CSR13-Offset 68H)

The SIA connectivity register (CSR13) contains the SIA connectivity control bits that permit the
interconnection of different sections within the SIA. Figure 8-37 shows the CSR13 register hit
fields, and Table 8-79 describes the bit fields.

Figure 8-37. CSR13 Register Bit Fields

31 30 29 28 27 26 25 24,23 2221 20,1918 1716 15141312 1110 9 8 7 6 5 4 3 2 1 0
rrrrrrrrnriri I

SP - Special Field for HomePNA Use_—T

HR_10BT - HomePNA or 10BASE-T.
RST - SIA Reset

A6556-01

Table 8-79. CSR13 Register Bit Fields Description

Field Description

SP—Special field for HomePNA use
This field should be programmed according to Appendix C.4 only.

HR_10BT—HomePNA or 10BASE-T
3 When reset, forces the 21145 to select the 10BASE-T interface. When set to 1, forces the 21145 to
select the HomePNA interface.

31:16

RST—SIA Reset
When reset, resets all the SIA functions and machines.

Table 8-80 lists the access rules for the CSR13 register.

Table 8-80. CSR13 Register Access Rules

Category Description

Value after reset 00000000H

Read access rules —

Write access rules —
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8.3.2.17 SIA Transmit and Receive Register (CSR14-Offset 70H)

The SIA transmit and receive register (CSR14) configures the SIA transmitter and receiver
operating modes. Figure 8-38 shows the CSR14 register bit fields.

Figure 8-38. CSR14 Register Bit Fields

31 30 29 28 27 26 25 24,23 2221 20,19 18 17 16,1514 13 12 1110 9 8 7 6 5 4 3 2 1 0
LILIL LILIL rrri 1

T4 - 100BASE-T4 T
TXF - 100BASE-TX Full-Duplex
TXH - 100BASE-TX Half-Duplex
TAS - 10BASE-T/HomePNA Autosensing Enable
SPP - Set Polarity Plus
APE - Autopolarity Enable
LTE - Link Test Enable
SQE - Signal Quality (Heartbeat) Generate Enable
CLD - Collision detect Enable
RSQ - Receive Squelch Enable
ANE - Autonegotiation Enable
TH - 10BASE-T Half-Duplex Enable
CPEN - Compensation Enable
LSE - Link Pulse Send Enable
DREN - Driver Enable
LBK - Loopback Enable
ECEN - Encoder Enable

AB557-01

Table 8-81 describes the bit CSR14 register bit fields.
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Table 8-81. CSR14 Register Bit Fields Description (Sheet 1 of 2)

Field

Description

18

T4—100BASE-T4

This bit controls the value of bit 9 in the transmitted auto-negotiation link code word.
When set, the 21145 advertises its ability to work also in 100BASE-T4 mode.

(Bit 9 in the auto-negotiation link code word is set.)

When clear, the 21145 advertises that no 100BASE-T4 operation is allowed.

(Bit 9 in the auto-negotiation link code word is cleared.)

This bit is meaningful only if CSR14<7> is set.

17

TXF—100BASE-TX Full-Duplex
This bit controls the value of bit 8 in the transmitted auto-negotiation link code word.

When set, the 21145 advertises its ability to work also in 100BASE-TX full-duplex mode. (Bit 8 in the
auto-negotiation link code word is set.)

When clear, the 21145 advertises that no 100BASE-TX full-duplex operation is allowed.
(Bit 8 in the auto-negotiation link code word is cleared.)
This bit is meaningful only if CSR14<7> is set.

16

TXH—100BASE-TX Half-Duplex
This bit controls the value of bit 7 in the transmitted auto-negotiation link code word.

When set, the 21145 advertises its ability to work also in 100BASE-TX half-duplex mode. (Bit 7 in
the auto-negotiation link code word is set.)

When clear, the 21145 advertises that no 100BASE-TX half-duplex operation is allowed.
(Bit 7 in the auto-negotiation link code word is clear.)
This bit is meaningful only if CSR14<7> is set.

15

TAS—10BASE-T/HomePNA Autosensing Enable

When set, the 21145 monitors its 10BASE-T and HomePNA ports. The selected port operation is
not affected. See Section 4.5.

When cleared, the 21145 monitors only the port that is selected for operation HomePNA or
10BASE-T according to CSR13<3>.

14

SPP—Set Polarity Plus

When reset and autopolarity enable (CSR14<13>) is reset, the polarity of the incoming data is
switched. This feature can be used by the driver to reverse polarity of incoming packets; otherwise,
this bit should be set. This bit is valid only in 10BASE-T mode.

13

APE—Autopolarity Enable

When set and link test enable CSR14<12> is also set, the autopolarity function logic is enabled
(Section 4.2.5). When reset, the polarity is determined by set polarity plus (CSR14<14>). When link
test enable (CSR14<12>) is reset, this bit (CSR14<13>) should be also reset. This bit is valid only in
10BASE-T mode.

12

LTE—Link Test Enable

This bit is meaningful only for the 10BASE-T port. When set, the link test function logic is enabled.
Resetting this bit forces the link test function to link pass state.

11

SQE—Signal Quality (Heartbeat) Generate Enable

For 10BASE-T mode, SQE (CSR14<11>) should be set; otherwise, a heartbeat fail event
(TDESO0<7>) will occur. See also the description CSR6<19> in Section 8.3.2.9.

For other modes, this bit should be cleared.

10

CLD—Collision Detect Enable
When set, the collision detect logic is enabled.

RSQ—Receive Squelch Enable
When set, the 10BASE-T receivers are active in accordance with the selected mode.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual




I n ® Registers

Table 8-81. CSR14 Register Bit Fields Description (Sheet 2 of 2)

Field Description

ANE—Autonegotiation Enable

7 When set, the 21145 performs an auto-negotiation with the link partner to determine the operation
mode (Section 4.8). When reset, auto-negotiation is disabled. Auto-negotiation can be performed
only when in 10BASE-T mode.

TH—10BASE-T Half-Duplex Enable

This bit controls the value of bit 5 in the transmitted auto-negotiation link code word.

When set, the 21145 advertises its ability to also work in 10BASE-T half-duplex mode.

(Bit 5 in the auto-negotiation link code word is set.)

6 When clear, the 21145 advertises that no 10BASE-T half-duplex operation is allowed.

(Bit 5 in the auto-negotiation link code word is cleared.)

10BASE-T full-duplex ability advertisement (bit 6 in the transmitted auto-negotiation link code word)
is controlled by CSR6<9> Full Duplex Mode.

This bit is meaningful only if CSR14<7> is set.

CPEN—Compensation Enable

5:4 Table 8-83 defines twisted-pair compensation behavior. These bits are valid only in 10BASE-T
mode.

LSE—Link Pulse Send Enable
This bit is meaningful only for the 10BASE-T port. When set, the link pulse generator is enabled.

DREN—Driver Enable

2 When set, the transmit SIA driver is enabled for 10BASE-T operation. When reset, the transmit
driver is disabled, preventing the data and link pulse transmission to the external wires.

LBK—Loopback Enable
Enables loopback operation in SIA (see Table 8-86 to Table 8-90).

ECEN—Encoder Enable

0 When set, the transmit data encoder is enabled, and the encoded data is transferred to the output
drivers. When reset, the transmit data encoder is disabled, and the encoded data is blocked from
propagating to the output drivers.

Table 8-82 lists the access rules for the CSR14 register.

Table 8-82. CSR14 Register Access Rules

Category Description

Value after reset FFFF7FFFH

Read access rules —

Write access rules —

Table 8-83 lists the compensation field (CSR14<5:4>) definitions.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual 8-63



Registers I n ®

Table 8-83. Twisted-Pair Compensation Behavior

CSR14<5:4> Value Transmitter Output

Compensation disabled mode—Twisted-pair driver does not compensate for
00, 01 10 MHz versus 5 MHz media attenuation. (Differential voltages are bound between
15Vand2.1V)

High power mode—Twisted-pair driver drives only high-differential voltage (between

10 2.2V and 2.8 V).

Normal compensation mode—Driver compensates for 10 MHz versus 5 MHz media
11 attenuation by driving high-differential voltage for transients and by driving low if the
signal is stable for more than 50 ns.

8.3.2.18 SIA and General-Purpose Port Register (CSR15-0Offset 78H)

Figure 8-39 shows the CSR15 register bit fields. CSR15 is divided into two sections: the SIA
general register (CSR15<15:0>) and the general-purpose port register (CSR15<31:16>).
Appendix D describes the general -purpose port programming procedures.

Figure 8-39. CSR15 Register Bit Fields

31 30 29 28 27 26 25 24,23 2221 20,1918 17 16 151413 12 1110 9 8 7 6 5 4 3 2 1 0

RMI - _T
Receive Match Interrupt
Gl1 -

General Port Interrupt 1
GIO - General Port Interrupt 0
CWE - Control Write Enable
RME - Receive Match Enable
GEI1 - GEP Interrupt Enable on Port 1_J
GEIO - GEP Interrupt Enable on Port 0 —
LGS3 - LED/GEP 3 Select
LGS2 - LED/GEP 2 Select
LGS1 - LED/GEP 1 Select
MD - General-Purpose Mode and Data
LEE - Link Extend Enable
RWR - Receive Watchdog Release
RWD - Receive Watchdog Disable
JCK - Jabber Clock
HUJ - Host Unjab
JBD - Jabber Disable

AB6558-01

Table 8-84 describes the bit fields.
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Table 8-84. CSR15 Register Bit Fields Description (Sheet 1 of 2)

Field

Description

30

RMI—Receive Match Interrupt

Indicates that a packet has passed address filtering. When this bit is set and the receive match
interrupt is enabled (CSR15<26>=1), the general-purpose port interrupt (CSR5<26>) is set. This bit
is cleared when reading CSR15.

This bit is not automatically cleared when general-purpose port interrupt (CSR5<26>) is cleared.

29

Gl1—General Port Interrupt 1

Indicates that gep<1> has changed state. This bit is set only when gep<1> is programmed to be a
general-purpose input port. When this bit is set and the general-purpose port interrupt is enabled
(CSR15<24>=1), the general-purpose port interrupt (CSR5<26>) is set. This bit is cleared when
reading CSR15.

This bit is not automatically cleared when general-purpose port interrupt (CSR5<26>) is cleared.

28

Gl0—General Port Interrupt 0

Indicates that gep<0> has changed state. This bit is set only when gep<0> is programmed to be a
general-purpose input port. When this bit is set and the general-purpose port interrupt 0 is enabled
(CSR15<24>=1), the general-purpose port interrupt (CSR5<26>) is set. This bit is cleared when
reading CSR15.

This bit is not automatically cleared when general-purpose port interrupt (CSR5<26>) is cleared.

27

CWE—Control Write Enable

When CSR15 is written and CSR15<27> value is 1, the general-purpose control bits will be written.
The general-purpose control bits include interrupt enables (CSR15<26:24>), LED/GEP selects
(CSR15<23:20>), and general-purpose pin directions (CSR15<19:16>).

When CSR15 is written and CSR15<27> value is 0, only general-purpose data (CSR15<19:16>) will
be written.

26

RME—Receive Match Enable

When this bit is set, receive match interrupt (CSR15<30>) is enabled.
When this bit is reset, the interrupt is disabled.

After a hardware or software reset, the interrupt is disabled.

25

GEI1—GEP Interrupt Enable on Port 1

When this bit is set, the interrupt from pin gep<1> (CSR15<29>) is enabled.
When this bit is reset, the interrupt is disabled.

After a hardware or software reset, the interrupt is disabled.

24

GEIO—GEP Interrupt Enable on Port 0

When this bit is set, the interrupt from gep<0> (CSR15<28>) is enabled.
When this bit is reset, the interrupt is disabled.

After a hardware or software reset, the interrupt is disabled.

23

LGS3—LED/GEP 3 Select

This bit selects either the LED or gep<3> function for 21145 pin number 103. When this bit is set, the
LED function is selected that, according to MiscHwOptions<0> (Gep3LedDefinition) bit in the serial
ROM, provides an LED indicating either:

—Network link integrity state for L0BASE-T or 100BASE-TX.
—Both network activity and network link integrity state.

When this bit is reset, the gep<3> function is selected. If the pin was designated to be an input pin, it
functions as an input link status pin for OnNow support. If the pin was designated to be an output
pin, it functions as a general-purpose port that performs output functions.

After a hardware or software reset, the gep<3> function is selected.
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Table 8-84. CSR15 Register Bit Fields Description (Sheet 2 of 2)

8-66

Field Description
LGS2—LED/GEP 2 Select
This bit selects either the rcv_match or gep<2> function for 21145 pin number 102. When this bit is
set, the rcv_match function is selected, which provides a LED indicating the status of the address
22 recognition (sets when a packet passes address recognition).
When this bit is reset, the gep<2> function is selected. The gep<2> pin is a general-purpose port.
After a hardware or software reset, the gep<2> function is selected.
LGS1—LED/GEP 1 Select
This bit selects either the activ or gep<1> function for 21145 pin number 101. When this bit is set,
the activ function is selected, which provides a LED indicating receive or transmit activity on the
21 selected port (sets when there is receive or transmit activity on the selected port).
When this bit is reset, the gep<1> function is selected. The gep<1> pin is a general-purpose port.
After a hardware or software reset, the gep<1> function is selected.
MD—General-Purpose Mode and Data
When CSR15<27> is set, the value that is written by the host to CSR15<19:16> directs pins
gep<3:0> to act as input or output pins (CSR15<19> controls pin gep<3> and so on). A 1 directs the
pin to be an output while a 0 directs the pin to be an input. The value that is driven by a gep pin that
was directed to be an output is cleared when CSR15<27> is set.
19:16 When CSR15<27> is reset, the values written to CSR15<19:16> are the values that will be driven
’ on pins gep<3:0>, respectively. This is only true for the pins that are configured as output pins.
After the 21145 is reset, all gep pins become input pins.
If gep<1:0> pins are selected as input pins, an interrupt occurs when either of these bits change
state from 1 to O or O to 1 (provided that the interrupt CSR15<25:24> is enabled). The application of
the general-purpose pins in board design should be correlated with the way the port driver software
is using it. Reading CSR15<19:16> returns the values of pins gep<3:0>.
LEE—Link Extend Enable
When set, the 21145 reports link detection on its 100BASE-TX symbol port only if its sd pin (117) is
11 asserted for at least 1.2 ms.
When cleared, the 21145 reports link detection on its 100BASE-TX symbol port only if its sd pin
(117) is asserted for at least 330 ps.
RWR—Receive Watchdog Release
Defines the time interval from receive watchdog expiration until reenabling the receive channel (no
5 carrier). When set, the receive watchdog is released 40- to 48-bit-times from the last carrier
deassertion. When reset, the receive watchdog is released 16- to 24-bit-times from the last carrier
deassertion.
RWD—Receive Watchdog Disable
When set, the receive watchdog counter is disabled. When cleared:
If the 21145 is in Normal Power-Saving mode, receive carriers longer than 2560 bytes are
4 guaranteed to cause the watchdog counter to timeout. Packets shorter than 2048 bytes are
guaranteed to pass.
If the 21145 is in Snooze mode, the counter will expire for receive carriers between 1792 and 2304
bytes and longer.
The RWD bit must be set in HomePNA mode.
JCK—Jabber Clock
2 When set, transmission is cut after 2048 bytes to 2560 bytes are transmitted. When clear,
transmission is cut after 325000 byte times to 412500 byte times.
HUJ—Host Unjab
Defines the time interval between transmit jabber expiration until reenabling of the transmit channel.
1 When set, the transmit channel is released immediately after the jabber expiration. When reset, the
transmit jabber is released 365 ms to 420 ms after jabber expiration at a 10 Mb/s line speed, 36.5
ms to 42.0 ms after jabber expiration at a 100 Mb/s line speed, and 148.2 ms to 194.7 ms for
HomePNA.
0 JBD—Jabber Disable

When set, the transmit jabber function is disabled.
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Table 8-85 lists the access rules for the CSR15 register.

Table 8-85. CSR15 Register Access Rules

8.3.2.19

Table 8-86. Programming MII/SYM Operating Modes

Registers

Category

Description

Value after reset

8FFX0000H

Read access rules

CSR15<27:20> are write-only bits.

Write access rules

SIA and MIl Operating Modes

Table 8-86 through Table 8-90 list the programming of the different operating modes in the 21145
using CSR6, CSR13, CSR14, and CSR15. The states of operating mode CSR6<11:10>, full-duplex

mode CSR6<9>, and port select CSR6<18> are also identified. Appendix C describes the port
selection procedure.

Table 8-86 describes the programming of M11/SYM operating modes.

Mode CSR13<15:0> CSR14<15:0> CSR6<PS,FD> CSR6<OM>
Half-duplex 0000 0000 1,0 00
Full-duplex 0000 0000 1,1 00
Internal loopback 0000 0000 1,0 01
External loopback 0000 0000 1,0 10

Table 8-87 describes the programming for the 10BASE-T and HomePNA operating mode with

autosensing disabled and autonegotiation disabled.

Table 8-87. Programming 10BASE-T and HomePNA Operating Modes with Autosensing
Disabled and Autonegotiation Disabled

Mode CSR13<15:0> | CSR14<15:0> | CSR15<4:0> | CSR6<PS,FD> | CSR6<OM>
tlooﬁgfs_iglgce‘j 0001 7F3F 0 0,0 00
tlooﬁjﬁi'igeffrce‘j 0001 7F3D 0 01 00
ﬁ)%%ﬁigf internal | 4901 7A3F 0 0,0 10
ﬁ)%%ﬁigf external | 5401 783D 0 0,0 10
HomePNA 0009 0505 10H 0,0 00
mfé“g\)gf’pbac" N\ 6009 0000 0 0,0 01
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Table 8-88 describes the programming of 10BASE-T operating modes with autosensing disabled

and autonegotiation enabled.

Table 8-88. Programming 10BASE-T Operating Modes with Autosensing Disabled and
Autonegotiation Enabled

Mode

CSR13<15:0>

CSR14<15:0>

CSR15<2:0>

CSR6<PS,FD>

CSR6<0OM>

10BASE-T
advertising half- and
full-duplex

0001

7FFF

0,1

00

10BASE-T
advertising full-
duplex

0001

7TFBF

0,1

00

10BASE-T
advertising half-

duplex

0001

7FFF

0,0

00

Table 8-89 describes the programming of 10BASE-T and HomePNA operating modes with
autosensing enabled and autonegotiation disabled.

Table 8-89. Programming 10BASE-T, and HomePNA Operating Modes with Autosensing
Enabled and Autonegotiation Disabled

Mode CSR13<15:0> | CSR14<15:0> | CSR6<PS,FD> | CSR6<OM>
10BASE-T forced to half-duplex 0001 FF3F 0,0 00
10BASE-T forced to full-duplex 0001 FF3D 0,1 00
HomePNA 0009 F73D 0,0 00

Table 8-90 describes the programming of 10BASE-T and HomePNA operating modes with
autosensing enabled and autonegotiation enabled.

Table 8-90. Programming 10BASE-T and HomePNA Operating Modes with Autosensing
Enabled and Autonegotiation Enabled

8-68

Mode

CSR13<15:0>

CSR14<15:0>

CSR15<2:0>

CSR6<PS,FD>

CSR6<OM>

10BASE-T
advertising half- and
full-duplex on TP

0001

FFFF

0,1

00

10BASE-T
advertising only full-
duplex on TP

0001

FFBF

0,1

00

10BASE-T
advertising only half-
duplex on TP

0001

FFFF

0,0

00

HomePNA
advertising half- and
full-duplex on TP

0009

F7FD

0,1

00

Home Run
advertising only full-
duplex on TP

0009

F7BD

0,1

00

HomePNA
advertising only half-
duplex on TP

0009

F7FD

0,0

00
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Ethernet Function CardBus Status Changed
Registers

The 21145 Ethernet Function implements four Status Changed registers. The Status Changed
registers are accessed by the CardBus system software; they are typically not accessed by the
21145 Ethernet driver. These registers are mapped only to the memory address space and not to the
I/O address space.

These registers affect the operation of the 21145 only if both:
¢ FuncO_HwOptions<7> bit (Real STSCHG) in the seriadl ROM is set.
* The FER or the FEMR were accessed with a write operation after a power-up reset.

Otherwise, these registers are not valid and do not affect the behavior of the 21145.

Reserved bits are shaded and should be written with 0. Failing to do this could cause
incompatibility problems with afuture version of the 21145. Reserved bits are undefined on read
access.

Table 8-91 lists the definitions and addresses for the CardBus Status Changed registers.

Table 8-91. Ethernet Function CardBus Status Changed Register Mapping

Register Meaning Offset from Ethernet CSR Base
Address (CBIO and CBMA)

FER Function event register 80H

FEMR Function event mask register 84H

FPSR Function present state register 88H

FFER Function force event register 8CH
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Function Event Register (FER—-Offset 80H)

This register is the CardBus Status Changed function event register, which is used for reporting of
interrupt pending and power-management event detection in a CardBus system.

Figure 8-40 shows the FER register bit fields and Table 8-92 describes the bit fields.

Figure 8-40. FER Register Bit Fields

Interrupt
General Wake-Up Event

16 .15 14 54 3 0

AB6559-01

Table 8-92. FER Register Bit Fields Description

Field

Description

15

Interrupt

This bit is set when there is an interrupt pending.

This bit is cleared by write 1.

General Wake-Up Event

This bit is set when the 21145 has detected a power management event.
This bit is cleared upon power-up reset and by write 1. It is unaffected by either hardware or

software reset.

When the PME_Status bit in the Ethernet function PCI configuration is cleared, this bit is

automatically cleared as well.

Table 8-93 lists the access rules for the FER register.

Table 8-93. FER Register Access Rules

Category

Description

Value after reset

Undefined for reserved bits; 0 for bits that are not reserved.

Read access rules

Write access rules

These register bits are cleared by writing 1; writing 0 has no effect.
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8.4.2 Function Event Mask Register (FEMR—-Offset 84H)

This register is the CardBus Status Changed function event mask register, which controls the
assertion of the signalsint_| and gep<2>/rcv_match/wake in a CardBus system.

Figure 8-41 showsthe FEMR register hit fields and Table 8-94 describes the bit fields.
Figure 8-41. FEMR Register Bit Fields

31 16 15 14 54 3 0

Interrupt Enable

Wake-Up Event Summary Enable

General Wake-Up Event Enable
A6560-01

Table 8-94. FEMR Register Bit Fields Description

Field Description

Interrupt Enable

15 . . L
When set, enables the assertion of the interrupt pin (int_l).

Wake-Up Event Summary Enable

When set together with the General Wake-Up Event Enable bit (FEMR<4>), enables the assertion
of the gep<2>/rcv_match/wake pin.

Note: To disable the assertion of the gep<2>/rcv_match/wake pin, the PME_Enable bit in the
Ethernet function configuration register (CPMC<8>) must be cleared as well.

This bit is cleared only upon a power-up reset.

14

General Wake-Up Event Enable

When set together with the Wake-Up Event Summary Enable bit (FEMR<14>), enables the
assertion of the gep<2>/rcv_match/wake pin.

Note: To disable the assertion of the gep<2>/rcv_match/wake pin, the PME_Enable bit in the
Ethernet function configuration register (CPMC<8>) must be cleared as well.

This bit is cleared only upon a power-up reset.

Table 8-95 lists the access rules for the FEMR register.

Table 8-95. FEMR Register Access Rules

Category Description

Value after reset Undefined for reserved bits; O for bits that are not reserved.

Read access rules —

Write access rules These register bits are cleared by writing 1; writing 0 has no effect.
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8.4.3 Function Present State Register (FPSR-Offset 88H)

This register is the CardBus Status Changed function present state register, which is used for
reporting the present state of theint_| and the gep<2>/rcv_match/wake pins in a CardBus system.

Figure 8-42 shows the FPSR register bit fields and Table 8-96 describes the bit fields.
Figure 8-42. FPSR Register Bit Fields

31 16 .15 14 54 3 0

Interrupt

General Wake-Up Event

AB559-01
Table 8-96. FPSR Register Bit Fields Description
Field Description
Interrupt
This bit reflects the state of the interrupt line. It is set when all of the following conditions exist:
15 —CSR5<15> is set or CSR5<16> is set.

—The 21145 is in the DO power state.
—FEMR<15> is set or FuncO_HwOptions<7> (RealSTSCHG) bit in the serial ROM is cleared.

General Wake-Up Event

Reflects the current state of the wake-up event. This bit is cleared when either the General Wake-Up
Event in the function event register is cleared, or when the PME_Status bit in the CPMC is cleared.

This bit is cleared only upon a power-up reset.

Table 8-97 lists the access rules for the FPSR register.

Table 8-97. FPSR Register Access Rules

Category Description

Value after reset Undefined for reserved bits; O for bits that are not reserved.

Read access rules —

Write access rules This is a read-only register.
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8.4.4 Function Force Event Register (FFER-Offset 8CH)

This register is the CardBus Status Changed function force event register, which is used to force
the value of the interrupt and the general wake-up event bitsin the function event register to a 1.

Figure 8-43 shows the FFER register bit fields and Table 8-98 describes the bit fields.
Figure 8-43. FFER Register Bit Fields

31 16 15 14 54 3 0

Force Interrupt

Force Wake-Up

A6561-01

Table 8-98. FFER Register Bit Fields Description

Field Description

Force Interrupt
Writing 1 to this bit sets the Interrupt field in FER<15>, but not in FPSR<15>. If the interrupt is
enabled, the 21145 also asserts the int_| pin.

Writing 0 has no effect.

15

Force Wake-Up
Writing 1 to this bit sets the wake-up event field in FER<4>, but not in FPSR<4>. If the wake-up
4 event is enabled, the 21145 also asserts the gep<2>/rcv_match/wake pin.

Writing 0 has no effect.
This bit is cleared only upon a power-up reset.

Table 8-99 lists the access rules for the FFER register.

Table 8-99. FFER Register Access Rules

Category Description

Value after reset Undefined for reserved bits; O for bits that are not reserved.
Read access rules This is a write-only register.

Write access rules —
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HomePNA PHY Internal Registers Interface

Theinterfaceis used for accessing the HomePNA PHY internal registers. It is equivalent to Tut
Systems’ SPI interface. This interface is controlled by four bits in CSR9, which are described in
Table 8-71 For examples on how to use the interface, see Appendix G.

Principles of Operation

The interface contains an 8-bit instruction register. It is accessed via the SPI_DI input, with data
being clocked in on the rising SPI_CLK. SPI_CS must remain high during the entire operation.

Table 8-100contains a list of the instructions and their opcodes. All instructions, addresses and
data are transferred MSB first. Data input is sampled on the first rising edge of SPI_CLK after
SPI_CS goes high. SPI_CLK is static, allowing the user to stop the clock and then resume
operations. The SET_WE (write enable) command must be issued before any write operations to
the HomePNA PHY registers.

Table 8-100. SPI Interface Instruction Set

8.5.2

Instruction Name Opcode1 Operation

SET_WE 0000 0110 Set the write latch (enable write).

CLEAR WE 0000 0100 Clear the write latch (disable write) which is the default

- after reset.

READ 0000 0011 Read one data byte from PHY register, beginning at the
selected address.

WRITE 0000 0010 Write one data byte to PHY register, beginning at the
selected address.

NOTE:

1. Instructions are shown MSB in leftmost position. Opcodes are transferred MSB first.

Register Map

Table 8-101lists each HomePNA PHY register name, meaning, and address offset.

Table 8-101. HomePNA PHY Register Map (Sheet 1 of 2)

8-74

Register Meaning I/O Address Offset
CONTROL Control register 01H - O0H
STATUS Status register 03H - 02H
IMASK (IMR) Interrupt mask register 05H — 04H
ISTAT (ISR) Interrupt status register 07H — 06H
TX_PCOM Transmit PCOM register OBH - 08H
RX_PCOM Receive PCOM Register OFH - OCH
NOISE Noise register 10H

PEAK Peak level register 11H
NSE_FLOOR Minimum noise level register 12H
NSE_CEILING Maximum noise level register 13H
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Registers

Register Meaning 1/0 Address Offset
NSE_ATTACK Noise algorithm attack register 14H
NSE_EVENTS Noise events register 15H
AID_ADDRESS PHY AID collision detection register 19H
AID_INTERVAL Access ID interval 1AH
AID_ISBI AID inter symbol blanking interval 1BH
ISBI_SLOW ISBI slow speed 1CH
ISBI_FAST ISBI fast speed 1DH
TX_PULSE_WIDTH Transmit pulse width 1EH
TX_PULSE_CYCLES Transmit pulse cycle 1FH

8.5.3 HomePNA PHY Register Descriptions

The following sections describe the individual programmable registers.

8.53.1 Control Register (Address 01H — O0H)

The control register provides acommon location for controlling the general operation of the HomePNA
PHY. Figure 8-44 showsthe control register bit fieldsand Table 8-103 describes the control register bit

fields.

Figure 8-44. Control Register Bit Fields

151413121110 9 8 7 6 5 4 3 2 10

IRC - Ignore Remote Commands
CLP - Cmd Low Power
CHP - Cmd High Power

CLS - Cmd Low Speed

CHS - Cmd High Speed

SAAN - Stop AID Address Negotiation

CNSEVR - Clear the NSE_EVENTS Reg

SSLICAD - Stop SLICE_LVL Adaption

PDN - Power Down

HS - High Speed
HP - High Power

AB562-01
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Table 8-102. Control Register Bit Field Description

Field

Description

15

IRC—Ignore Remote Commands

When set, indicates that the HomePNA PHY will ignore incoming command from master
HomePNA node to change the HomePNA speed or power operating mode.

11

CLP—Cmd Low Power

When this bit is set, the 21145 will act as the master device and send a command to all other
HomePNA network devices to move to a low power PHY operation.

This bit is automatically cleared after the operation is completed.

10

CHD—Cmd High Power

When this bit is set, the 21145 will act as the master device and send a command to all other
HomePNA network devices to move to a high power PHY operation.

This bit is automatically cleared after the operation is completed.

CMD—Cmd Low Speed

When this bit is set, the 21145 will act as the master device and send a command to all other
HomePNA network devices to move to a low speed PHY operation (0.7 Mb/s).

This bit is automatically cleared after the operation is completed.

CHS—Cmd High Speed

When this bit is set, the 21145 will act as the master device and send a command to all other
HomePNA network devices to move to a high speed PHY operation (a 1 Mb/s data rate).

This bit is automatically cleared after the operation is completed.

SAAN—Stop AID Address Negotiation
When this bit is set, the 21145 will not change its Access ID value.

CNSEVR—Clear NSE_EVENTS register

When set, clears the noise event register. This bit will be automatically cleared one cycle after
writing a logic 1 into it.

SSLICAD—Stop SLICE_LVL Adaption

When set, stops the adaption of the data and noise comparators according to the noise and
peak signal levels.

PDN—Power Down
When set, will power down the PHY logic. Note that this will not stop the PHY internal clocks.

HS—High Speed
When set, will force the PHY to work at high speed operation. When reset, the PHY will work
at low speed.

Automatically set by Cmd High Speed and by a remote command.

HP—High Power

When set, will force the PHY to work at high power mode of operation. When clear, the PHY
will work at low power mode of operation.

Automatically set by Cmd High Power and by a remote command.

Table 8-103 lists the access rules for the control register.
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Table 8-103. Control Register Access Rules

Category Description

Value after hardware reset 0005H

Read access rules —

Write access rules —

8.5.3.2 Status Register (Address 03H — 02H)

The status register provides information regarding the global aspects of the operation of the PHY.
Figure 8-45 shows the status register bit fields and Table 8-104 describes the status register.

Figure 8-45. Status Register Bit Fields

151413121110 9 8 7 6 5 4 3 2 10
LI LI

RXPWR Receive Power
RXSPD - Receive Speed
RXVER - Receive Version

A6563-01

Table 8-104. Status Register Bit Fields

Field Description

RXPWR—Receive Power

6 The power of the last received packet. When set, indicates high power. When cleared,
indicates low power.

RXSPD—Receive Speed

5 The speed of the last received HomePNA packet. When set, indicates high speed. When
reset, indicates low speed.

RXVER—Receive Version
The technology version of the last received HomePNA packet.

Table 8-105 lists the access rules for the status register

Table 8-105. Status Register Access Rules

Category Description
Value after hardware reset 0000H
Read access rules —

Write access rules R/O
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8.5.3.3 Interrupt Mask (IMR) Register (Address 05H — 04H)

The interrupt mask register determines which HomePNA PHY interrupt sources will cause the
HomePNA Interrupt bit (CSR5<28>) to be set. For the 21145 to generate an actual interrupt to the
host, the HomePNA Interrupt Enable bit CSR7<28> must also be set. Figure 8-46 shows the
interrupt mask register bit fields and Table 8-106 describes the bit fields. A logic 1 will enable the
interrupt, while logic 0 will disable it. Each bit enables or disables the corresponding interrupt
source in the PHY ISR register.

Figure 8-46. Interrupt Mask Register Bit Fields

151413121110 9 8.7 6 5 4,3 2 10

SWINTIE - Software Interrupts Enable
RPVLIE - RXPCOM Valid Interrupt Enable
TXPRDIE - TXPCOM Ready Interrupt Enable.
PKTRXIE - Packet Received Interrupt Enable
PKTTXIE - Packet Transmitted Interrupt Enable
RCVIE - Remote Cmd Valid (Received) Interrupt Enable
RCDIE - Remote Cmd Done (Sent) Interrupt Enable

A6564-01

Table 8-106. Interrupt Mask Register Bit Fields Description

Field

Description

15:10

SWINTIE—Software Interrupts Enable
Enables/disables the corresponding software interrupt bit in the ISR register.

RPVLIE—RxPCOM Valid Interrupt Enable
Enables/disables the interrupt when a PCOM non-zero 32-bit field has been received.

TXPRDIE—TxPCOM Ready Interrupt Enable

Enables/disables the interrupt when the TXPCOM has been transmitted and can be loaded
again.

PKTRXIE—Packet Received Interrupt Enable
Enables/disables the interrupt when a new packet has been received.

PKTTXIE—Packet Transmitted Interrupt Enable
Enables/disables the interrupt when a new packet has been transmitted.

RCVIE—Remote Cmd Valid (Received) Interrupt Enable
Enables/disables a remote command reception and execution interrupt.

RCDIE—Remote Cmd Done (Sent) Interrupt Enable
Enables/disables a remote command completion of transmission interrupt.

Table 8-107 lists the access rules for the interrupt mask registers
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Table 8-107. Interrupt Mask Register Access Rules

Category Description

Value after hardware reset 0000H

Read access rules —

Write access rules —

8.5.34 Interrupt Status (ISR) Register (Address 07H — 06H)

Theinterrupt status register reports the state of each interrupt source, regardless of the state of the
IMASK register. The interrupt sources are mapped into this register in an identical manner as the
IMASK register. Furthermore, any bit may be written and so facilitate software-stimul ated
interrupt testing. The appropriate bits in this register must be cleared for the interrupt signal to the
21145 MAC to be cleared. Figure 8-47 shows the interrupt status register and Table 8-108
describes the bit fields.

Figure 8-47. Interrupt Status Register Bit Fields

151413121110 9 8 7 6 5 4 3 2 10
LILL

SWINT - Software Interrupts
RPVL - RxPCOM Valid
TXPRD - TXPCOM Ready
PKTRX - Packet Received
PKTTX - Packet Transmitted
RCV - Remote Command Valid (Received)
RCD - Remote Command Done (Sent)

AB565-01

Table 8-108. Interrupt Status Register Bit Fields Description (Sheet 1 of 2)

Field Description
15:10 SWINT—Software Interrupts
' Reserved for potential software interrupts.

9 RPVL—RxPCOM Valid
When set, indicates that a non-zero 32-bit field of the PCOM has been received.
TXPRD—TxPCOM Ready

8 When set, indicates that the transmitted PCOM has been transmitted and can be loaded
again.

: PKTRX—Packet Received
When set, indicates that a new packet has been received.
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Table 8-108. Interrupt Status Register Bit Fields Description (Sheet 2 of 2)

Field Description

PKTTX—Packet Transmitted
When set, indicates that a packet has been transmitted.

RCV—Remote Command Valid (Received)

1 When set, indicates the reception and execution of a remote command (Cmd High Power,
Cmd Low Power, Cmd High Speed, Cmd Low Speed.)

RCD—Remote Command Done (Sent)
When set, indicates the completion of transmission of a remote command.

Table 8-109 lists the access rules for the interrupt status registers.

Table 8-109. Interrupt Status Register Access Rules

Category Description

Value after hardware reset 0000H

Read access rules —

Write access rules —

8.5.3.5 Transmit PCOM (TX-PCOM) Register (Address OBH — 08H)

The 32-bit transmitted data field to be used for out-of-band communication between PHY

management entities. No protocol for out-of-band management is defined in this specification.

Accessing any of the three low bytes causes the PHY to send all-0 PCOMs until the high byte has

been accessed, the next transmitted packet will cause this register’s contents to be shifted out in the
PCOM field of the transmitted packet. Upon transmission, this register will read back as all -0’s. A
non-zero transmitted PCOM will set the TXPCOM ready bit in the ISTAT register. An access to any
of the four TxPCOM bytes will clear the TXPCOM ready bit in the ISTAT regiStgure 8-48

shows the transmit PCOM register bit fields datle 8-110ists the access rules for the transmit
PCOM register.

Figure 8-48. Transmit PCOM Register Bit Fields Description

31 30 29 28 27 26 25 24 23 222120 1918 17 16 151413121110 9 8 7 6 5 4 3 2 1 0

TX_PCOM T

A6566-01

Table 8-110. Transmit PCOM Register Access Rules

Category Description

Value after hardware reset 00000000H

Read access rules —

Write access rules —
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Receive PCOM (RX-PCOM) Register (Address OFH — OCH)

The 32-bit received data field to be used for out-of-band communication between PHY
management entities. No protocol for out-of-band management is defined in this specification.
Accessing any of the three low bytes of this register is sufficient to ensure that subsequently
received packets will not overwrite the register contents. A non-zero received PCOM will set the
RxPCOM Valid hit of the ISTAT. Accessing the high byte of the register clearsthis bit and allows
overwriting of the register by subsequent received packets. Figure 8-49 shows the receive PCOM
register bit fields and Table 8-111 lists the access rules for the receive PCOM register.

Figure 8-49. Receive PCOM Register Bit Fields Description

31 30 29 28 27 26 25 24 23 222120 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0

RX_COM T

AB567-01

Table 8-111. Receive PCOM Register Access Rules

8.5.3.7

Category Description

Value after hardware reset 00000000H

Read access rules —

Write access rules —

Noise Register (Address 10H)

This register reflects the maximum of the noise level on the wire and the NSE_FLOOR register.
When auto-adaptation is enabled (bit 5 of the control register is clear), thisregister is updated with
the current noise count every 50 ns. When adaptation is disabled, this register iswritableand is
used to generate the noise and data levels used by the PHY.

Figure 8-50 shows the Noise register bit fields and Table 8-112 lists the access rules for the Noise
register.

Figure 8-50. Noise Register Bit Fields Description

76 543210

NOISE T

AB568-01
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Table 8-112. Noise Register Access Rules

Category

Description

Value after hardware reset

Unknown

Read access rules

Bit 5 on the control register must be set to 1, otherwise value
may change during the next cycle.

Write access rules

The noise register must be programmed with a value lower than
the value in the peak register, otherwise it will reset to the
NSE-floor value.

8.5.3.8 Peak Register (Address 11H)

Thisregister contains the peak level of the last valid (non-collision) AID received.

Figure 8-51 shows the Peak register hit fields and Table 8-113 lists the access rules for the receive

Peak register.

Figure 8-51. Peak Register Bit Fields Description

PEAK

76 543210
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Table 8-113. Peak Register Access Rules

Category

Description

Value after hardware reset

Unknown

Read access rules

Write access rules
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NSE_FLOOR Register (Address 12H)

This register determines the minimum value of the noise level.

Figure 8-52 showsthe NSE_FL OOR register bit fields and Table 8-114 lists the accessrulesfor the
NSE_FLOOR register.

Figure 8-52. NSE_FLOOR Register Bit Fields Description

76 54 3210

NSE_FLOOR T
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Table 8-114. NSE_FLOOR Register Access Rules

8.5.3.10

Category Description

Value after hardware reset 04H

Read access rules —

Write access rules —

NSE_CEILING Register (Address 13H)

This register measures the maximum value of the noise level.

Figure 8-53 showsthe NSE_CEILING register bit fields and Table 8-115 lists the access rules for
the NSE_CEILING register.

Figure 8-53. NSE_CEILING Register Bit Fields Description

76 54 3210

NSE_CEILING

A6571-01
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Table 8-115. NSE_CEILING Register Access Rules

Category Description

Value after hardware reset DOH

Read access rules —

Write access rules —

8.5.3.11 NSE_ATTACK Register (Address 14H)

Thisregister sets the attack characteristics of the NOISE algorithm. Figure 8-54 and Table 8-116
show the NSE_ATTACK register bit fields and Table 8-117 lists the access rules for the
NSE_ATTACK register.

Figure 8-54. NSE_ATTACK Register

76 543210

ATK_IMM
ATK_DLY
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Table 8-116. NSE_ATTACK Register Bit Fields Description

Field Description

ATK_IMM

7:4
Number of noise events needed to raise the noise level immediately

ATK_DLY

3:0
Number of noise events needed to raise the level at the end of an 870 ms period

Table 8-117. NSE_ATTACK Register Access Rules

Category Description

Value after hardware reset F4H

Read access rules —

Write access rules —
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8.5.3.12 NSE_EVENTS Register (Address 15H)

An 8-bit counter that records the number of noise events detected. Overflows are held as FFH. Can
be cleared by setting bit 6 of the PHY Control Register. Figure 8-55 showsthe NSE_EVENTS
register bit fields and Table 8-118 lists the access rules for the NSE_EVENTS register.

Figure 8-55. NSE_EVENTS Register Bit Fields Description

76 543210

NSE_EVENTS T

A6573-01

Table 8-118. NSE_EVENTS Register Access Rules

Category Description

Value after hardware reset Unknown

Read access rules —

Write access rules —

8.5.3.13  AID_ADDRESS Register (Address 19H)

The PHY’s AID address is used for collision detection. Unless bit 7 of the PHY Control Register is
set, the PHY is assured to select a Unique AID address. Addresses above OEFH are reserved.
Address FFH is defined to indicate a master stakaure 8-56shows the AID_ADDRESS

register bit fields and@able 8-119ists the access rules for the AID_ADDRESS register.

Figure 8-56. AID_ADDRESS Register Bit Fields Description

76 543210

AID_ADDRESS T
AB574-01

Table 8-119. AID_ADDRESS Register Access Rules

Category Description

Value after hardware reset OOH

Read access rules —

Write access rules —
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8.5.3.14

u
intgl.
AID_INTERVAL Register (Address 1AH)

This value defines the number of TCLK’s (116.7 ns) separating AID syntiglge 8-57shows
the AID_INTERVAL register bit fields andlable 8-12Qists the access rules for the
AID_INTERVAL register.

Figure 8-57. AID_INTERVAL Register Bit Fields Description

Table 8-120. AID_INTERVAL Register Access Rules

8.5.3.15

76 543210

AID_INTERVAL T

AB575-01

Category Description

Value after hardware reset 14H

Read access rules —

Write access rules —

AID_ISBI Register (Address 1BH)

This value defines the number of TCLK’s (116.7 ns) between AID pulses for symbol 0.
Figure 8-58shows the AID_ISBI register bit fields aiéble 8-121lists the access rules for the

AID_ISBI register.

Figure 8-58. AID_ISBI Register Bit Fields Description

76 543210

AID_ISBI T
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Table 8-121. AID_ISBI Register Access Rules

8-86

Category Description

Value after hardware reset 40H

Read access rules —

Write access rules —
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8.5.3.16 ISBI_SLOW Register (Address 1CH)

This value defines the number of TCLK’s (116.7 ns) between DATA pulses for symbol 0 in low
speedFigure 8-59shows the ISBI_SLOW register bit fields afable 8-122ists the access rules

for the ISBI_SLOW register.
Figure 8-59. ISBI_SLOW Register Bit Fields Description

76 543210

ISBI_SLOW T
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Table 8-122. ISBI_SLOW Register Access Rules

Category Description

Value after hardware reset 2CH

Read access rules —

Write access rules —

8.5.3.17 ISBI_FAST Register (Address 1DH)

This value defines the number of TCLK’s (116.7 ns) between DATA pulses for symbol 0 in high
speedFigure 8-60shows the ISBI_FAST register bit fields afable 8-123ists the access rules
for the ISBI_FAST register.

Figure 8-60. ISBI_FAST Register Bit Fields Description

76 543210

ISBI_FAST T
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Table 8-123. ISBI_FAST Register Access Rules

Category Description

Value after hardware reset 1CH

Read access rules —

Write access rules —

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual 8-87



Registers i ntel ®

8.5.3.18 TX _PULSE_WIDTH Register (Address 1EH)

This value determines the length of the transmit pulsein 16.7 ns units. For proper HomePNA
operation this register’s value must be (digure 8-61shows the TX_PULSE_WIDTH register
bit fields andTable 8-124ists the access rules for the TX_PULSE_W!IDTH register.

Figure 8-61. TX_PULSE_WIDTH Register Bit Fields Description

Table 8-124. TX_PULSE_WIDTH Register Access Rules

8.5.

8-88

76 543210

TX_PULSE_WIDTH T

AB579-01

Category Description

Value after hardware reset 04H

Read access rules —

Write access rules —

3.19 TX _PULSE_CYCLES Register (Address 1FH)

The low nibble of this register indicates the number of pulses on the TXN/TXNH pins, while the
high nibble indicates the number of pulses on the TXP/TXPH pigsre 8-62andTable 8-125

show the TX_PULSE_CYCLES register bit fields aradble 8-12@ists the access rules for the
TX_PULSE_CYCLES register.

Figure 8-62. TX_PULSE_CYCLES Register

76 54 3210
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Table 8-125. TX_PULSE_CYCLES Register Bit Fields Description

Table 8-126. TX_PULSE_CYCLES Register Access Rules

8.6

Note:

Note:

Field Description
- PLS_NEG

’ Indicates the number of pulses on the hr_txn/hr_txnh pins.
3:0 PLS_POS

' Indicates the number of pulses on the hr_txp/hr_txph pins.

Category Description

Value after hardware reset 44H

Read access rules —

Write access rules —

Modem Function Memory Map

The 21145 Modem function supports the modem chipset'’s internal registers as 8, 16 or 32 byte-
wide registers that can be mapped to either the I/O space through CBIO or to the memory space
through CBMA. The number of registers is specified in the Funcl_HwOptions<2:1> field in the
Serial ROM,; the locations between the number of modem registers specified in the Serial ROM and
offset 80H are reserved, and accessing them will cause unpredictable results.

The Serial ROM is mapped to the memory space through the modem function's CBMA. In
addition, the 21145's Modem function has four CardBus Status Changed Registers that can be
mapped only to the memory spaEeure 8-63shows a map of the 21145's Modem function
memory map through CBMA.

All shaded bits in the figures are reserved. All reserved fields within non-reserved locations must be
written by software as 0, and must be masked off when read; reserved register and memory locations
must not be written to.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual 8-89



Registers

Figure 8-63. Modem Function Memory Map

OH
Modem Chipset Registers (8,16 or 32)
80H CardBus Status Changed
Reserved
200H A
218H
Software Area,
Implementation Specific
280H Serial
ROM
Can Be Used for Tuples
3DFH
Magic Block
3FFH Y
A6581 -01
8.7 Modem Function PCI Configuration Registers

The 21145 implements 13 Modem Function PCI configuration registers. These registers, which are
used for theinitialization and the configuration of the 21145 Modem function, are described in the

following subsections.

Note: If the Modem Function configuration registers are accessed by the host before the
Funcl HwOptions<0> (ModemEnable) bit is |oaded from the serial ROM, the 21145 responds

with aretry termination on the PCI bus.

Table 8-127 lists the definitions and addresses of the modem configuration registers and

Figure 8-64 shows the structure.

Table 8-127. Modem Function Configuration Registers Mapping (Sheet 1 of 2)

Configuration Register Identifier I/0 Address Offset
Identification CFID 00H
Command and status CFCS 04H
Revision CFRV 08H
Latency timer CFHT OCH
Base 1/0O address CBIO 10H
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Table 8-127. Modem Function Configuration Registers Mapping (Sheet 2 of 2)

Configuration Register Identifier 1/0O Address Offset

Base memory address CBMA 14H
Reserved — 18H-24H
Card information structure CCIS 28H
Subsystem ID CSID 2CH
Expansion ROM base address CBER 30H
Capabilities Pointer CCAP 34H
Reserved — 38H
Interrupt CFIT 3CH
Reserved — 40H-D8H
Capabilities ID CCID ODCH
Power Management Control CPMC EOH

Figure 8-64. Modem Configuration Register Structure

Device ID Vendor ID 00H
Status Command 04H
Class Code Revision ID 08H
Reserved Header Type Reserved OCH
Base Address Register0-CBIO 10H
Base Address Registerl-CBMA 14H
Reserved 18H-24H
PCl/CardBus CIS Pointer 28H
Subsystem ID Subsystem Vendor ID 2CH
Expansion ROM Base Address 30H
Reserved | Capabilities Pointer | 34H
Reserved 38H
Max_Lat Min_Gnt Interrupt Pin | Interrupt Line 3CH
Reserved A4k~
D8H
Power Management Capabilities Next ltem Pointer Ig:ﬁ;?égtti%i DCH
Reserved Power Management Control Status EOH
AG582 -01
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8.7.1 Configuration ID Register (CFID—-Offset 00H)

The CFID register identifies the 21145. Figure 8-65 shows the CFID register bit fields and
Table 8-128 describes the bit fields.

Figure 8-65. CFID Register Bit Fields

31 30 29 28 27 26 25 24 23 2221 20,1918 17 16 15141312 1110 9 8 7 6 5 4 3 2 1 0
rrrrrrrrririrririohd r1rrrrrrrrnrrriririd

Device ID Vendor ID

A6521-01

Table 8-128. CFID Register Bit Fields Description

Field Description

Device ID

31:16
Provides the unique 21145 Modem Function ID number (0034H).

Vendor ID

15:0
Specifies the 21145 manufacturer ID (8086H)

Table 8-129 lists the access rules for the CFID register.

Table 8-129. CFID Register Access Rules

Category Description

Value after hardware reset 00348086H

Read access rules —

Write access rules R/O

8.7.2 Command and Status Configuration Register
(CFCS—Offset 04H)

The CFCS register is divided into two sections: a command register (CFCS<15:0>) and a status
register (CFCS<31:16>).

The command register provides control of the 21145’s Modem function ability to generate and
respond to PCI cycles. When 0 is written to this register, the 21145 logically disconnects from the
PCI bus for all accesses except configuration accesses.

The status register records status information for the PCI bus-related events. The CFCS status bits
are not cleared when they are read. Writing 1 to these bits clears them; writing 0 has no effect.
Figure 8-66shows the CFCS register bit fields.
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Figure 8-66. CFCS Register Bit Fields

31 30 29 27 26 25 24 212019 9 8 6 5 2 10

Detected Parity Error_T
Signal System Error
Device Select Timing
New Capabilities
System Error Enable
Parity Error Response
Memory Space Access
1/0 Space Access
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Table 8-130 describes the CFCS register bit fields.

Table 8-130. CFCS Register Bit Fields Description (Sheet 1 of 2)

Field Bit Type Description

Detected Parity Error

31 Status When set, indicates that the Modem function of the 21145 detected a parity error,
even if parity error handling is disabled in parity error response (CFCS<6>).

Signaled System Error

30 Status When set, indicates that the modem function of the 21145 asserted the system
error serr_| pin.

Device Select Timing

26:25 | Status Indicates the timing of the assertion of device select (devsel_l). These bits are
fixed at 01, which indicates a medium assertion of devsel_|.

New Capabilities

Indicates whether or not the 21145’s Modem function implements a list of new
capabilities.

20 Status When set, this bit indicates the presence of New Capabilities. When cleared, New
Capabilities are not implemented.

The value of this bit is loaded from FuncO_HwOptions<3> bit (PME_Enable) in the
serial ROM.

System Error Enable

8 Command When set, the 21145’s modem function asserts system error (serr_I) when it detects
a parity error on the address phase.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual 8-93



Registers

Table 8-130. CFCS Register Bit Fields Description (Sheet 2 of 2)

Field Bit Type Description

Parity Error Response
When set, the 21145’s Modem function asserts fatal bus error after it detects a

6 Command parity error.
When cleared, any detected parity error is ignored and the 21145's modem function
continues normal operation.
Memory Space Access

1 Command When set, the 21145’s Modem function responds to memory space accesses.
When cleared, the 21145’s Modem function does not respond to memory space
accesses.
1/0 Space Access
When set, the 21145’s modem function responds to I/O space accesses.

0 Command )
When cleared, the 21145's modem function does not respond to I/O space
accesses.

Table 8-131 lists the access rules for the CFCS register.

Table 8-131. CFCS Register Access Rules

8.7.3

Category

Description

Value after hardware reset

29000000H

Read access rules

Write access rules

L. According to FuncO_HwOptions<3> in the serial ROM.

Configuration Revision Register (CFRV-Offset 08H)

The CFRV register contains the 21145 revision number. Figure 8-67 shows the CFRV register bit
fields and Table 8-132 describes the bit fields.

Figure 8-67. CFRV Register Bit Fields

8-94

Subclass

Base Class —T

Interface

Revision Number

Step Number

A6584-01
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Table 8-132. CFRV Register Bit Fields Description

Field Description
31:24 Base Class

The value of this field is 07, indicating that this is a simple communication controller function.
23:16 Subclass

The value of this field is loaded from the modem class code (sub-class) field in the serial ROM.
15:8 Interface

The value of this field is loaded from the modem class code (interface) field in the serial ROM.
74 Revision Number

Indicates the 21145 Modem function revision number.
30 Step Number

Indicates the 21145 Modem function step humber within the current revision.

Table 8-133 lists the revision and step numbers for each variant of the device.

Table 8-133. 21145 Modem Function Revision and Step Number

Device

Revision Number | Step Number

21145, 176-pin, BO stepping (DC1116, order no. DE-NH978-AA) 1 1

Table 8-134 lists the access rules for the CFRV register

Table 8-134. CFRV Access Rules

Category Description

Value after hardware reset 07XXYY11H?!

Read access rules —

Write access rules R/O

L. XXYY are read from the “modem class code (interface/sub-code)” fields in the serial ROM.

8.7.4 Configuration Header Type Register (CFHT-Offset OCH)

This register indicates to the system that the 21145 is a multi-function device. Figure 8-68 shows
the CFLT bit field and Table 8-135 describes the CFLT hit field.

Figure 8-68. CFHT Configuration Header Type Register

Header Type

A6585-01
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Table 8-135. CFHT Register Bit Fields Description

Field Description

Header Type
The value of this field is 80H, indicating that the 21145 is a multiple function device.

23:16

Table 8-136 lists the access rules for the CFHT register.

Table 8-136. CFHT Access Rules

Category Description

Value after hardware reset 00800000H

Read access rules —

Write access rules R/O

8.7.5 Configuration Base I/O Address Register (CBIO—-Offset 10H)

The CBIO register specifies the base 1/0 address for accessing the modem chipset registers. The
CBIO register can map 8, 16, or 32 modem registers according to the serial ROM configuration.

This register must be initialized prior to accessing any modem register with 1/0O access.

Figure 8-69 shows the CBIO register bit fields and Table 8-137 describes the hit fields.
Figure 8-69. CBIO Register Bit Fields

31 . . . . . . 543210
rrrtr1r 11t 111t 1t r1rrrtrrrrrtrrrrrd T T
N I T T N N T TN Y T N O Y T T N O O Y AN | 1 1
L i i i I i I I
Configuration Base I/O Address T
Modem Registers
1/0 Space Indicator
AB586-01

Table 8-137. CBIO Register Bit Fields Description

Field Description

Configuration Base I/O Address
Defines the base address assigned for mapping the modem chipset's CSRs.

31:5

Modem Registers

4:3 The functionality of these bits is affected through serial ROM programming in
Funcl_HwOptions<2:1>. See Table 8-138 for possible values:

I/0 Space Indicator

0 Determines that the register maps into the 1/O space. The value in this field is 1. This is a read-
only field.
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Table 8-138 lists the possible values for bit 4 and bit 3.

Table 8-138. Number of Internal Modem Registers

Number of Modem Registers Bit 4 Bit 3 Serial ROM Code
8 read and write read and write 00
16 read and write 0 01
32 0 0 10

Table 8-139 lists the access rules for the CBIO register.

Table 8-139. CBIO Register Access Rules

Category Description

Value after hardware reset Undefined

Read access rules —

Write access rules —

8.7.6 Configuration Base Memory Address Register
(CBMA—-Offset 14H)

The CBMA register specifies the base |/O address for accessing the modem chipset registers. The

CBMA register can map 8, 16, or 32 modem registers, 4 CardBus Status Changed registers, and the
serial ROM. Thisregister must be initialized prior to accessing any modem function structures with
memory access. Figure 8-70 shows the CBMA register bit fields and Table 8-140 describes the bit
fields.

Figure 8-70. CBMA Register Bit Fields
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Table 8-140. CBMA Register Bit Fields Description

intel.

Field

Description

31:10

Configuration Base Memory Address

Defines the base address assigned for mapping 8, 16 or 32 modem CSRs, 4 modem function
PCl/CardBus Status Changed registers and 512 bytes of CIS in the serial ROM.

9:1

This field value is 0 when read.

0

Memory Space Indicator
Indicates that this register maps Memory registers.

Table 8-141 lists the access rules for the CBMA register.

Table 8-141. CBMA Register Access Rules

8.7.7

8-98

Category

Description

Value after hardware reset Undefined

Read access rules —

Write access rules —

(CCIS—Offset 28H)

Configuration Card Information Structure Register

The CCISregister isaread-only 32-hit register. This register points to one of the possible address
spaces where the card information structure (CIS) begins. The pointer is used in a PCl/CardBus PC
card environment. The content of the CCISisloaded from the serial ROM after a hardware reset. If
the CCISis accessed by the host before its content is loaded from the serial ROM, the 21145
responds with retry termination on the PCI bus. A value of 0 in this register indicatesthat CISis
not supported.

Figure 8-71 shows the CCIS register bit fields and Table 8-142 describes the bit fields.

Figure 8-71. CCIS Register Bit Fields

ROM Image
Address Space Offset
Address Space Indicator
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Table 8-142. CCIS Register Bit Fields Description

Field

Description

31:28

ROM Image
The 4-bit ROM image field value when the CIS resides in an expansion ROM.

27:03

Address Space Offset.

This field contains the address offset within the address space indicated by the address space
indicator field (CCIS<2:0>).

2:0

Address Space Indicator
This field indicates the location of the CIS base address.

The 21145 supports the value of 2, indicating that the CIS is stored in the serial ROM, and 7,
indicating that the CIS is stored in the expansion ROM.

Any value other than 2 or 7 may lead to unpredictable behavior.

Table 8-143 lists the access rules for the CCIS register.

Table 8-143. CCIS Register Access Rules

Category Description
Value after hardware reset Read from serial ROM.
Read access rules —
Write access rules R/O

8.7.8 Subsystem ID Register (CSID-Offset 2CH)

The CSID register is aread-only 32-hit register. The content of the CSID isloaded from the serial
ROM after a hardware reset. If the CSID is accessed by the host before its content is loaded from
the serial ROM, the 21145 responds with retry termination on the PCI bus. The valueis 0 if the
serial ROM data integrity check fails.

Figure 8-72 shows the CSID register hit fields and Table 8-144 describes the bit fields.

Figure 8-72. CSID Register Bit Fields

Subsystem ID T
Subsystem Vendor ID
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Table 8-144. CSID Register Bit Fields Description

Field Description

Subsystem ID

Indicates the subsystem ID. The value of this field is read from the serial ROM. Bits <31:24> are
read from the subsystem ID - Ethernet <15:8> and bits <23:16> are read from the subsystem ID -
modem field.

31:16

Subsystem Vendor ID

15:0 Indicates the subsystem vendor ID. This field is read from the sub-system vendor ID - Ethernet
and modem field in the serial ROM.

Table 8-145 lists the access rules for the CSID register.

Table 8-145. CSID Register Access Rules

Category Description

Value after hardware reset Read from serial ROM.

Read access rules —

Write access rules R/O

8.7.9 Expansion ROM Base Address Register (CBER-Offset 30H)

The CBER register specifies the base address and provides information about the expansion ROM
size. Thisregister must beinitialized prior to accessing the expansion ROM with longword access.

Figure 8-73 shows the CBER register hit fields and Table 8-146 describes the bit fields.
Figure 8-73. CBER Register Bit Fields

External Flash Base Addresng

Expansion ROM Enable
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Table 8-146. CBER Register Bit Fields Description

Field Description
31:18 External Flash Base Address
Defines the base address assigned for mapping the expansion ROM.
17:1 This field value is 0 when read
0 Expansion ROM Enable Bit

When set, enables the expansion ROM. The value of this bit is 0 after reset.
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Table 8-147 lists the access rules for the CBER register.

Table 8-147. CBER Register Access Rules

Registers

Category

Description

Value after hardware reset XXXX0000H

Read access rules —

Write access rules —

8.7.10 Capabilities Pointer (CCAP-Offset 34H)

The CCAP register has a pointer to the power management register block in the modem function
PCI configuration space. This pointer isvalid only if the new capabilities bit in CFCSis set.

Figure 8-74 shows the CCAP register bit fields and Table 8-148 describes the bit fields.

Figure 8-74. CCAP Register Bit Fields
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Table 8-148. CCAP Register Bit Fields Description

Field Description

Capabilities pointer

Configuration Space.
7:0

ROM.

Points to the location of the power management register block in the modem function PCI

The value of this field is determined by FuncO_HwOptions<3> bit (PME_Enable) in the serial

If this bit is set, the value of this field is DCh, otherwise this bit is read as 00.

Table 8-149 lists the access rules for the CCAP register.

Table 8-149. CCAP Register Access Rules

Category

Description

Value after hardware reset 000000DCH

Read access rules —

Write access rules —

L. According to the FuncO_HwOptions<3> in the serial ROM.
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8.7.11 Configuration Interrupt Register (CFIT-Offset 3CH)

The CFIT register is divided into two sections: the interrupt line and the interrupt pin. CFIT
configures both the system’s interrupt line and the 21145 interrupt pin connéagiore 8-75
shows the CFIT register bit fields.

Figure 8-75. CFIT Register Bit Fields

Interrupt Pin T
Interrupt Line
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Table 8-150describes the CFIT register bit fields

Table 8-150. CFIT Register Bit Fields Description

Field Description

Interrupt Pin

15:8
Indicates which interrupt pin the 21145 uses. The 21145 uses INTA and the read value is 01H.

Interrupt Line

Provides interrupt line routing information. The basic input/output system (BIOS) writes the routing
information into this field when it initializes and configures the system.

70 The value in this field indicates which input of the system interrupt controller is connected to the
21145's interrupt pin. The driver can use this information to determine priority and vector
information. Values in this field are system

architecture specific.

Table 8-151lists the access rules for the CFIT register.

Table 8-151. CFIT Register Access Rules

Category Description

Value after hardware reset 000001XXH

Read access rules —

Write access rules —
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8.7.12 Capability ID Register (CCID-Offset DCH)

The CCID register is aread-only register that provides information on the 21145 modem function
power-management capabilities.

Figure 8-76 showsthe CCID register.

Figure 8-76. CCID Register Bit Fields

PME Support D3cold _T
PME Support D3pot
PME Support D2

PME Support DO

D2 Support
Device Specific Initialization
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Table 8-152 describes the CCID register bit fields

Table 8-152. CCID Register Bit Fields Description (Sheet 1 of 2)

Field

Description

31

PME Support D3.q 14

If this bit is set, the 21145 modem function may assert PME in D3cold power state. Otherwise, the
21145 modem function may not assert the gep<2>/rcv_match/wake pin in D3qg.

The value of this bit is loaded from FuncO_HwOptions<6> bit in the serial ROM.

30

PME Support D3}o¢

The value of this field is 1, indicating that the 21145 modem function may assert the gep<2>/
rcv_match/wake pin in the D3}, power state.

29

PME Support D2

The value of this field is 1, indicating that the 21145 modem function can assert the gep<2>/
rcv_match/wake pin in the D2 Power state.

27

PME Support DO

The value of this field is 0, indicating that the 21145 modem function does not assert the gep<2>/
rcv_match/wake pin in the DO Power state.

26

D2 Support
The value of this field is 1, indicating that the 21145 modem function supports the D2 Power state.

21

Device Specific Initialization

The value of this field is 0, indicating that the 21145 modem function does not require a special
initialization code sequence to be configured correctly.
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Table 8-152. CCID Register Bit Fields Description (Sheet 2 of 2)

Field Description

Power Management PCI Version

18:16 The value of this field is 001b, indicating that the 21145 modem function complies with Rev 1.0 of
the PCI Power Management Specifications.

Next Item Pointer
Points to the location of the next block of the capability list in the modem function PCI

15:8 Configuration Space.
The value of this field is 00h, indicating that this is the last item of the Capability linked list.
Capabilities ID

7:0 PCI Power Management Registers ID. The value of this field is 01h, indicating that this is the

power management register block.

Table 8-153 contains the CCID register access rules

Table 8-153. CCID Register Access Rules

Category Description

Value after reset F6110001H?!

Read access rules —

Write access rules

L. According to FuncO_HwOptions<5> and FuncOptions<6> in the serial ROM.

8.7.13 Power Management Control Register (CPMC-Offset EOH)

The CPMC register isused to manage the device power state for the 21145 modem function, and to
enable and monitor the power management events for the 21145 modem function.

Figure 8-77 shows the CPMC register.
Figure 8-77. CPMC Register Bit Fields

31 N N N 16,15 14 N 9 8 7 N 2 10
T+t 11T T 1 1 171 L L L L T
L1 1 3 1 1 1 1 1 1.1 ! 1 1 | T T T | L1 1 3 1
PME Status T
PME Enable
Power State
A6593-01

Table 8-154 describes the CPMC register bit fields.
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Table 8-154. CPMC Register Bit Fields Description

Field Description

PME Status

This bit indicates that the 21145 Modem function has detected a power
management event. If the PME_Enable bit is set, the 21145 also assert the
gep<2>/rcv_match/wake pin.

15 This bit may be cleared by writing 1 to it after the 21145 is placed in the DO power
state.

When this bit is cleared, the 21145 deasserts the gep<2>/rcv_match/wake pin.

Note: This bit is also affected by the General Enable bit of the Function Event
Register (FER<4>); see. It is not modified by either hardware or software reset.

PME Enable

If this bit is set, the 21145 Modem function can assert the gep<2>/rcv_match/wake
pin. Otherwise, assertion of the gep<2>/rcv_match/wake pin by the 21145 modem
function is disabled.

This bit is cleared on power up reset only and is not modified by either hardware or
software reset.

Power State

This field is used to set the current power state of the 21145 Modem function and to
determine its power state. The definition of the field values is:

0-DO
1 - Reserved?!
2-D2
3 - D3pgt
This field hasa value of 0 after power up.

1:0

1 state D1 is not defined for communication devices.

Table 8-155 contains the CPMC register access rules

Table 8-155. CPMC Register Access Rules

Category Description

Value after reset 00000000H

Read access rules —

Write access rules —
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8.8

Note:

intel.

Modem Function CardBus Status Changed
Registers
The 21145 Modem function implements four Status Changed registers. The Status Changed

registers are accessed by the CardBus system software. These registers are mapped only to the
memory address space and not to the I/O address space.

These registers affect the operation of the 21145 only if both:
¢ FuncO_HwOptions<7> hit (Real STSCHG) in the serial ROM is set.
* The FER or the FEMR were accessed with awrite operation after a power-up reset.

Otherwise, these registers are not valid and do not affect the behavior of the 21145.

Reserved bits are shaded and should be written with 0. Failing to do this could cause
incompatibility problems with a future version of the 21145. Reserved bits are undefined on read
access.

Table 8-156 lists the definitions and addresses for the CardBus Status Changed registers.

Table 8-156. Modem Function CardBus Status Changed Register Mapping

8-106

Register Meaning Offset from Modem Function Base
Address (CBIO and CBMA)

FER Function event register 80H

FEMR Function event mask register 84H

FPSR Function present state register 88H

FFER Function force event register 8CH
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8.8.1 Function Event Register (FER—-Offset 80H)

This register is the CardBus Status Changed function event register, which is used for reporting of
interrupt pending and power-management event detection in a CardBus system.

Figure 8-78 shows the FER register bit fields and Table 8-157 describes the bit fields.
Figure 8-78. FER Register Bit Fields

31 16 15 14 54 3 0

Interrupt

General Wake-Up Event

A6594-01

Table 8-157. FER Register Bit Fields Description

Field Description

Interrupt
15 This bit is set when there is an interrupt pending.
This bit is cleared by write 1.

General Wake-Up Event

This bit is set when the 21145 has detected a power management event.

4 This bit is cleared upon power-up reset and by write 1. It is unaffected by either hardware or
software reset.

When the PME_Status bit in the modem function PCI configuration is cleared, this bit is
automatically cleared as well.

Table 8-158 lists the access rules for the FER register.

Table 8-158. FER Register Access Rules

Category Description

Value after reset Undefined for reserved bits; O for bits that are not reserved.

Read access rules —

Write access rules —
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8.8.2

In

Function Event Mask Register (FEMR—Offset 84H)

This register isthe CardBus Status Changed function event mask register, which controls the
assertion of the signalsint_I, gep<2>/rcv_match/wake, and mdm_spkr_en in a CardBus system.

Figure 8-79 shows the FEMR register bit fields and Table 8-159 describes the bit fields.

Figure 8-79. FEMR Register Bit Fields

31 16 15 14

Interrupt Enable

Wake-Up Event Summary Enable
Pulse Width Modulation Enable
Binary Audio Enable

General Wake-Up Event Enable

A6560-01

Table 8-159. FEMR Register Bit Fields Description

8-108

Field

Description

15

Interrupt Enable
When set, enables an interrupt via assertion of the int_| pin.

14

Wake-Up Event Summary Enable

When set together with the General Wake-Up Event Enable bit (FEMR<4>), enables the assertion
of the gep<2>/rcv_match/wake pin.

Note: To disable the assertion of the gep<2>/rcv_match/wake pin, the PME_Enable bit in the
modem configuration register (CPMC<8>) must be cleared as well.

This bit is cleared only upon a power-up reset.

Pulse Width Modulation Enable

If funcl_HwOptions<7> is cleared, the pulse width modulation enable bit is driven on the
mdm_spkr_en pin.

This bit cleared upon a hardware or software reset.

Binary Audio Enable
If funcl_HwOptions<7> is set, the binary audio enable bit is driven on the mdn_spkr_en pin.
This bit is cleared upon a hardware or software reset.

General Wake-Up Event Enable

When set together with the Wake-Up Event Summary Enable bit (FEMR<14>), enables the
assertion of the gep<2>/rcv_match/wake pin.

Note: To disable the assertion of the gep<2>/rcv_match/wake pin, the PME_Enable bit in the
modem configuration register (CPMC<8>) must be cleared as well.

This bit is cleared only upon a power-up reset.

Table 8-160 lists the access rules for the FEMR register.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual




i ntel ® Registers

Table 8-160. FEMR Register Access Rules

Category Description

Value after reset Undefined for reserved bits; 0 for bits that are not reserved.

Read access rules —

Write access rules —

8.8.3 Function Present State Register (FPSR-Offset 88H)

This register is the CardBus Status Changed function present state register, which is used for
reporting the present state of the int_I and the gep<2>/rcv_match/wake pins in a CardBus system.

Figure 8-80 shows the FPSR register bit fields and Table 8-161 describes the bit fields.
Figure 8-80. FPSR Register Bit Fields

31 , 16,15 14 , , 54,3 0

Interrupt
General Wake-Up Event

AB594-01

Table 8-161. FPSR Register Bit Fields Description

Field Description

15 Interrupt
This bit reflects the internal state of the Modem function interrupt line.
General Wake-Up Event

4 Reflects the current state of the wake-up event. This bit is cleared when either the General Wake-Up
Event in the function event register is cleared, or when the PME_Status bit in the CPMC is cleared.

This bit is cleared only upon a power-up reset.

Table 8-162 lists the access rules for the FPSR register.

Table 8-162. FPSR Register Access Rules

Category Description

Value after reset Undefined for reserved bits; O for bits that are not reserved.

Read access rules —

Write access rules R/O
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8.8.4 Function Force Event Register (FFER-Offset 8CH)

This register is the CardBus Status Changed function force event register, which is used to force
the value of theinterrupt and the general wake-up event bitsin the function event register toa 1.

Figure 8-81 shows the FFER register bit fields and Table 8-163 describes the bit fields.
Figure 8-81. FFER Register Bit Fields

31 16 .15 14 . 54 3 0

Force Interrupt
Force Wake-Up

A6609-01

Table 8-163. FFER Register Bit Fields Description

Field Description

Force Interrupt
Writing 1 to this bit sets the Interrupt field in FER<15>, but not in FPSR<15>. If the interrupt is
enabled, the 21145 also asserts the int_| pin.

Writing 0 has no effect.

15

Force Wake-Up
Writing 1 to this bit sets the wake-up event field in FER<4>, but not in FPSR<4>. If the wake-up
4 event is enabled, the 21145 also asserts the gep<2>/rcv_match/wake pin.

Writing 0 has no effect.
This bit is cleared only upon a power-up reset.

Table 8-164 lists the access rules for the FFER register.

Table 8-164. FFER Register Access Rules

Category Description

Value after reset Undefined for reserved bits; O for bits that are not reserved.
Read access rules W/O

Write access rules —
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DNA CSMA/CD Counters and Events Support A

This appendix describes the 21145 features that support the driver when implementing and
reporting the specified counters and eventst. CSMA/CD? specified events can be reported by the

driver based on these features.

A.l CSMA/CD Counters

Table A-1 lists the counters and features.

Table A-1. CSMA/CD Counters (Sheet 1 of 2)

Counter

21145 Feature

Time since creation counter

Supported by the host driver.

Bytes received

Driver must add the frame length (RDES0<29:16>) fields of all
successfully received frames.

Bytes sent

Driver must add the buffer 1 size (TDES1<10:0>) and buffer 2 size
(TDES1<21:11>) fields of all successfully transmitted buffers.

Frames received

Driver must count the successfully received frames in the receive
descriptor list.

Frames sent

Driver must count the successfully transmitted frames in the
transmit descriptor list.

Multicast bytes received

Driver must add the frame length (RDES0<29:16>) fields of all
successfully received frames with multicast frame (RDES0<10>)
set.

Multicast frames received

Driver must count the successfully received frames with multicast
frame (RDES<10>) set.

Frames sent, initially deferred

Driver must count the successfully transmitted frames when
deferred (TDES0<0>) is set.

Frames sent, single collision

Driver must count the successfully transmitted frames when the
collision count (TDES0<6:3>) is equal to 1.

Frames sent, multiple collisions

Driver must count the successfully transmitted frames when the
collision count (TDES0<6:3>) is greater than 1.

Send failure, excessive collisions

Driver must count the transmit descriptors when the excessive
collisions (TDES0<8>) bit is set.

Send failure, carrier check failed

Driver must count the transmit descriptors when both late collision
(TDESO0<9>) and loss of carrier (TDES0<11>) are set.

Send failure, short circuit

There were two successive transmit descriptors when the
no_carrier flag (TDES0<10>) is set. This indicates a short circuit.

Send failure, open circuit

There were two successive transmit descriptors when the
excessive_collisions flag (TDES0<8>) is set. This indicates an
open circuit.

Send failure, remote failure to defer

Flagged as a late collision (TDES0<9>) in the transmit descriptors.

1.
2.

As specified in the DNA Maintenance Operations (MOP) Functional Specification, Version T.4.0.0, 28 January 1988.

Carrier-sense multiple access with collision detection.
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Table A-1. CSMA/CD Counters (Sheet 2 of 2)

Counter 21145 Feature

Driver must count the receive descriptors when CRC error

Receive failure, block check error (RDES0<1>) is set and dribbling bit (RDES0<2>) is cleared.

Driver must count the receive descriptors when both CRC error

Receive failure, framing error (RDES0<1>) and dribbling bit (RDES0<2>) are set.

Driver must count the receive descriptors when frame too long

Receive failure, frame too long (RDES0<7>) is set

Unrecognized frame destination Not applicable.

Driver must count the receive descriptors when (RDES0<0>) is

D verrun
ata overru set.

Reported in the missed frame counter CSR8<15:0>

System buffer unavailable (Section 8.3.2.11).

User buffer unavailable Maintained by the driver.

Driver must count the transmit descriptors when heartbeat fail

Collision detect check failed (TDES0<75) is set.
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Hash C Routine B

This appendix provides examples of a C routine that generates the hash index for a given Ethernet
address. The bit position in the hash table istaken from the CRC32 checksum derived from the first
6 bytes.

There are two C routines that follow: the first is for the little endian architecture and the second is
for big endian architecture.

B.1 Little Endian Architecture Hash C Routine

#define CRC32_POLY O0xEDB88320UL /* CRC-32 Poly -- Little Endian*/
#defineHASH_BITS 9 /* Number of bitsin hash */

unsigned
crc32_mchash(
unsigned char *mca)

u_int idx, bit, data, crc = OXFFFFFFFFUL ;

for (idx = 0; idx < 6; idx++)
for (data = *mca++, bit = 0; bit < 8; bit++, data >>=1)
crc = (crc>> 1) * (((crc~ data) & 1) ? CRC32_POLY : 0);

return crc & ((1 << HASH_BITS) - 1) /* return low bits for hash */

B.2 Big Endian Architecture Hash C Routine

#include <stdio>
unsigned Hashlndex (char * Address);

main (int argc, char *argv[]) {
int Index;
char m[6];
if (argc < 2) {
printf(“usage: hash xx-xx-xx-xx-xx-xx\n");
return;

}
sscanf(argv[l1],"%2X-%2X-%2X-%2X-%2X-%2X",
&ml[0],&m[1],&m[2],
&m(3],&m[4],&m[5]);

Index = HashIndex(&m[0]);
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B-2

printf(*hash_index = %d byte: %d bit: %d\n”,
Index,Index/8,Index%8);
}

unsigned Hashindex (char *Address) {

unsigned Crc = Oxffffffff;

unsigned const POLY 0x04c11db6
unsigned Msb;

int BytesLength = 6;

unsigned char CurrentByte;
unsigned Index;

int Bit;

int Shift;

for (BytesLength=0; BytesLength<6; BytesLength++) {

CurrentByte = Address[BytesLength];
for (Bit=0; Bit<8 ; Bit++) {

Msb = Crc >> 31;
Crc <<=1,;

if (Msb ” (CurrentByte & 1)) {
Crc "= POLY;
Crc |= 0x00000001;

CurrentByte >>= 1;

}
}

/* the hash index is given by the upper 9 bits of the CRC
* taken in decreasing order of significance
* index<0> = crc<31>
* index<1> = crc<30>
* index<9> = crc<23>
*/
for (Index=0, Bit=23, Shift=8;

Shift >=0;

Bit++, Shift--) {

Index |= (((Crc>>Bit) & 1) << Shift);

}

return Index;
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Port Selection Procedure C

This appendix describes the port selection procedure for selecting one of the following 21145
ports:

MII

SYM
10BASE-T
HomePNA

These procedures provide the values to which the CSRs should be programmed, and also the order
of programming. These procedures are for mode programming after reset, not for changing modes
during operation. This appendix does not list all of the programming options. For additional
options, refer to Table 8-86 through Table 8-90.

C.1 MIl Port Selection

¢ Half-duplex mode
CSR6<18>=0
CSR13<15:0> = 0000H
CSR14<15:0> = 0000H
CSR6<18>=1
CSR6<9>=0

¢ Full-duplex mode
CSR6<18>=0
CSR13<15:0> = 0000H
CSR14<15:0> = 0000H
CSR6<9> =1, CSR6<18>=1

C.2 SYM Port Selection

¢ Half-duplex mode
CSR6<18>=0
CSR13<15:0> = 0000H
CSR14<15:0> = 0000H
CSR6<9> =0, CSR6<18> =1, CSR6<23> =1, CSR6<24>=1

* Full-duplex mode
CSR6<18>=0
CSR13<15:0> = 0000H
CSR14<15:0> = 0000H
CSR6<9> =1, CSR6<18> = 1, CSR6<23> = 1, CSR6<24> =1
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C.3 10BASE-T Port Selection

¢ Half-duplex mode
CSR6<18>=0
CSR13<15:0> = 0000H
CSR14<15:0> = 7F3FH
CSR13<15:0> = 0001H
CSR6<9>=1

¢ Full-duplex mode
CSR6<9>=1, CSR6<18>=0
CSR13<15:0> = 0000H
CSR14<15:0> = 7F3DH
CSR13<15:0> = 0001H

* Auto-Negotiation advertising 10BASE-T and 100BASE-TX half-duplex and full-duplex
ability
CSR6<18>=0
CSR13<15:0> = 0000H
CSR14<15:0> = 3FFFFH
CSR13<15:0> = 0001H

C4 HomePNA Port Selection

¢ HomePNA mode (assuming external envelope detector)
CSR6<18> =0, CSR6<19> =1
CSR13<31:0> = 00000000H
CSR14<31:0> = 00000505H
CSR15<4>=1
CSR13<31:0> = 30480009H
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Programming D

This appendix describes the procedure for programming the general-purpose port. The general-
purpose port consists of the following pins:

Pin 100—gep<0>

Pin 101—gep<1>/activ

Pin 102—gep<2>/rcv_match/wake
Pin 103—gep<3>/link

The pins of the general-purpose port may be programmed for one of the following functions:
Input port with interrupt (gep<0> and gep<1> only)
Input port without interrupt
Output port
LED/Control (gep<1>, gep<2> and gep<3> only)

The procedures provide the CSR15 values for programming each of these functions. It uses 21145
pin 103 (gep<1>/activ) as an example. The CSR values provided in each line should be written in
one CSR access.

D.1 Input Port Selection with Interrupt

To select the input port with the interrupt function, write the following values:
First write CSR15<27> = 1, CSR15<25> = 1, CSR15<21> = 0, CSR15<17> =0

Then write CSR15<27> = 0.

D.2 Input Port Selection Without Interrupt

To select the input port without the interrupt function, write the following values:
First write CSR15<27> = 1, CSR15<25> = 0, CSR15<21> = 0, CSR15<17> =0

Then write CSR15<27> = 0.

D.3 Output Port Selection

To select the output port function, write the following values:

First write CSR15<27> = 1, CSR15<21> = 0, CSR15<17> =1
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D.4

D-2

Then write CSR15<27> = 0.

LED/Control Selection

To select the LED/Control function, write the following values:
First write CSR15<27> =1, CSR15<21>=1

Then write CSR15<27> = 0.

21145 Phoneline/Ethernet LAN Controller Hardware Reference Manual



intel.

Filtering Setup Frame Buffer ExamplesE

This appendix provides examples of perfect and imperfect filtering setup frame buffers.
Example E-1 shows a perfect filtering setup buffer (fragment).
Example E-1. Perfect Filtering Buffer
Ethernet addresses to be filtered:
A8-09-65-12-34-76 (D

09-BC-87-DE-03-15

Setup frame buffer fragment whilein little endian
byte ordering:
XXXX09A8 @

XXXx1265

XXXX7634

XXxxBC09

XXXXDE87

Xxxx1503

Setup frame buffer fragment while in big endian byte ordering:
ABO9XXXX @

6512xXXX

3476XXXX

09B Cxxxx

87DEXxXxx

0315xxxX
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1. Displaystwo Ethernet addresses written according to the Ethernet specification for address
display.

2. Displaystwo addresses as they would appear in the buffer in little endian format.

3. Displaystwo addresses as they would appear in the buffer in big endian format.

Example E-2 shows an imperfect filtering setup frame buffer.
Example E-2. Imperfect Filtering Buffer

Ethernet addresses to be filtered:
25-00-25-00-27-00 (2
A3-C5-62-3F-25-87
D9-C2-C0-99-0B-82
7D-48-4D-FD-CC-0A
E7-C1-96-36-89-DD
61-CC-28-55-D3-C7
6B-46-0A-55-2D-7E

A8-12-34-35-76-08 (2)

Setup frame buffer while in little endian byte ordering:

Xxxx0000 @

xXxx0000

XXxx0000

XxXxx1000

XXxx0000

xxxx0000

XXxx0000

Xxxx0000

XXxx0000

Xxxx0000

XXxx0000
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XXXx4000
xXxx0080
xxxx0000
XxXxx0000
Xxxx0010
xxxx0000
Xxxxx0000
xXxx0000
XXxx1000
xxxx0000
Xxxxx0000
xxxx0000
Xxxxx0000
xxxx0000
XxXxx0000
xxxx0000
Xxxx0001
xxxx0000
XxXxx0000
xxxx0000
xXxx0040
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX

xxxx12A8 (4)
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E-4

XxXxx3534
xxxx0876
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX

XXXXXXXX

Setup frame buffer while in big endian byte ordering:

0000xxxx ()
0000xxXx
0000xxxx
0010xxxx
0000xxxx
0000xxXx
0000xxxx
0000xxXx
0000xxxx
0000xxxXx
0000XXXX
0040xxxx
8000xxxXX
0000xxXx
0000xxXx
1000xxxX
0000xxXx

0000XXXX
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0000XXXX
0010xxxx
0000XXXX
0000xxxx
0000xxXx
0000xxxx
0000xxXx
0000xxXx
0000xxXx
0100xxxx
0000xxXx
0000xxxx
0000xxXx
4000xXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
A812xxxx (6)
3435xXXX
7608xXxXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX

XXXXXXXX
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XXXXXXXX
XXXXXXXX

XXXXXXXX

1. Displays Ethernet multicast addresses written according to the Ethernet specification for
address display.

2. Displays an Ethernet physical address.

3. Displaysthefirst part of animperfect filter setup frame buffer, in little endian byte ordering,
with set bits for the multicast addresses asin 1.

4. Displays the second part of the buffer with the physical addressasin 1, in little endian byte
ordering.

5. Displaysthefirst part of animperfect filter setup frame buffer, in big endian byte ordering,
with set bits for the multicast addresses asin 1.

6. Displaysthe second part of the buffer with the physical addressasin 2, in big endian byte
ordering.
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Wake-Up Frame Filter Register Block
Programming Examples F

This appendix provides examples of wake-up frame patterns and how the wake-up frame filter
register block should be programmed.

Example F-1 describes the frame patterns for a wake-up with Unicast I P to hode
AB-00-04-01-D9-FA, Ethernet frame format only.

Example F-1. Wake-Up upon Unicast IP, Ethernet Frame Format

Wake-up pattern:

Offset Pattern
(bytes) (hex)
00 AB 000401 D9FA Dedtination MAC Address (Station Address)
12 08 00 Protocol Type (IP)

Frame data:
AB 0004 01 D9 FA
XX XX XX XX XX XX
0800

XX XX

Wake-up frame filter register’s value:
Filter 0 Byte Mask 00000003 Pattern’s bytes: 12, 13

Filter 0 Offset 0C Offset=12
Filter 0 Command 01 Unicast, Enable_filter
Filter 0 CRC16 7006 CRC16 (08, 00)

Filter 1, Filter 2, and Filter 3 are not being used.

Wake-up frame filter register block program sequence:
write CSR1-PM 00000003 (Filter O Byte Mask)
write CSR1-PM 00000000 (Filter 1 Byte Mask)
write CSR1-PM 00000000 (Filter 2 Byte Mask)
write CSR1-PM 00000000 (Filter 3 Byte Mask)
write CSR1-PM 00000001 (Filter 0-3 Command)
write CSR1-PM 0000000C (Filter 0-3 Offset)
write CSR1-PM 00007006 (Filter 0-1 CRC16)
write CSR1-PM 00000000 (Filter 2-3 CRCL16)

Note: The Destination MAC Address is detected by the 21145 address filtering mechanism and not by the
frame filter. The address recognition RAM should be loaded with the AB-00-04-01-D9-FA address
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(for information about the setting of the address recognition RAM, see Section 2.2.3 and
Appendix G).

Example F-2 describes the filter formats for frames.
Example F-2. Filter Formats for Frames

Wake-up upon all various frames that are Unicast IPX to node AB-00-04-01-D9-FA. There are four
possible formats for these frames:

¢ Ethernet frame with Ethernet type

* |EEE 802.3/802.2 SNAP frame

* |EEE 802.3/802.2 SAP frame

¢ |EEE 802.3/802.2 SAP frame with control

In order to wake up on each one of these formats, all four filters of the 21145 should be used (when
each filter is programmed to detect one of these formats).

Ethernet framewith Ethernet type
Wake-up pattern:
Offset Pattern

(bytes) (hex)
00 ABOO00401D9FA Destination MAC Address (Station Address)
12 8137 Protocol Type (IPX)

Frame data:
AB 000401 D9FA
XX XX XX XX XX XX
8137

XX XX

Wake-up frame filter register’s value:
Filter 0 Byte Mask 00000003 Pattern’s bytes: 12, 13

Filter O Offset 0C Offset=12
Filter 0 Command 01 Unicast, Enable_filter
Filter 0 CRC16 3620 CRC16 (81, 37)

|EEE 802.3/802.2 SNAP frame
Wake-up pattern:
Offset Pattern

(bytes) (hex)
00 AB 00 04 01 D9 FA Destination MAC Address (Station Address)
14  AAAA 030000008137 SAP + Protocol Type (IPX)
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Frame data:
AB 000401 D9 FA
XX XX XX XX XX XX
XX XX
AA AA 03000000
8137

XX XX
Wake-up frame filter register’s value;

Filter 1 Byte Mask 000OQOOFF Pattern’s bytes: 14..21

Filter 1 Offset OE Offset=14
Filter 1 Command 01 Unicast, Enable_filter
Filter 1 CRC16 B3E1 CRC16 (AA..37)

IEEE 802.3/802.2 SAP frame
Wake-up pattern:
Offset Pattern

(bytes) (hex)
00 ABO00O0401D9FA Destination MAC Address (Station Address)
14 FFFF Protocol Type (IPX)

Frame data:
AB 00 04 01 D9 FA
XX XX XX XX XX XX
XX XX
FF FF

XX XX

Wake-up frame filter register’s value:
Filter 2 Byte Mask 00000003 Pattern’s bytes: 14, 15

Filter 2 Offset OE Offset=14
Filter 2 Command 01 Unicast, Enable_filter
Filter 2 CRC16 0000 CRC16 (FF, FF)

IEEE 802.3/802.2 SAP frame with control
Wake-up pattern:
Offset Pattern

(bytes) (hex)
00 ABO00O0401D9FA Destination MAC Address (Station Address)
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F-4

Note:

14 EOEOO3 SAP + Contral (IPX)

Frame data:
AB 0004 01D9FA
XX XX XX XX XX XX
XX XX
EO EO 03

XX XX
Wake-up frame filter register’s value:
Filter 3 Byte Mask 00000007 Pattern’s bytes: 14..16

Filter 3 Offset OE Offset=14
Filter 3 Command 01 Unicast, Enable_filter
Filter 3 CRC16 F779 CRC16 (EO, EO, 03)

Wake-up frame filter register block program sequence:
write CSR1-PM 00000003 (Filter O Byte Mask)
write CSR1-PM 000000FF (Filter 1 Byte Mask)
write CSR1-PM 00000003 (Filter 2 Byte Mask)
write CSR1-PM 00000007 (Filter 3 Byte Mask)
write CSR1-PM 01010101 (Filter 0-3 Command)
write CSR1-PM OEOEOEOC (Filter 0-3 Offset)
write CSR1-PM B3E13620 (Filter 0-1 CRC16)
write CSR1-PM F7790000 (Filter 2-3 CRC16)

The Destination MAC Address is detected by the 21145 address filtering mechanism and not by the
frame filter. The address recognition RAM should be loaded with the AB-00-04-01-D9-FA address
(for information about the setting of the address recognition RAMSeeton 2.2.3and

Appendix G.
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Example F-3 describes the filter formats for frames.
Example F-3. Filter Formats for Frames

Wake-up upon |Pv6 neighbor solicitation to node 4037.0.0.0.1.800.200E.8C6C, Ethernet frame
only.

The pattern of thisframe contains 18 bytes, but they do not reside in 31 contiguous bytes. There are
two possibilities to detect frames with this format:

¢ Usetwo of the 21145 filters with the add previous command for combining the two filtersinto
one longer pattern matching.

* Useonly onefilter and check only a part of the pattern.

This example shows how the 21145 wake-up frame filter registers should be programmed for each
of the two options.

Wake-up pattern:
Offset Pattern
(bytes) (hex)

00 FFFFFFFFFFFF Destination MAC Address (Broadcast)
12 0800 Protocol Type (IP)
38 FF02000000000000 IP Destination Address (target's

00 00 00 01 20 OE 8C 6C solicited-node multicast address)

Frame data:
FF FF FF FF FF FF
XX XX XX XX XX XX
08 00
XX XX XX XX XX XX
XX XX XX XX XX XX
XX XX XX XX XX XX
XX XX XX XX XX XX
FF 02 00 00 00 00 00 00
00 00 00 01 20 OE 8C 6C

XX XX
Full pattern matching with add previous:

Wake-up frame filter register’s value:
Filter O Byte Mask 00000003 Pattern’s bytes: 12, 13

Filter O Offset 0C Offset=12
Filter 0 Command 01 Unicast, Enable_filter
Filter 0 CRC16 7006 CRC16 (08, 00)

Filter 1 Byte Mask OOOOFFFF Pattern’s bytes: 38..53
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Filter 1 Offset 26 Offset =38
Filter 1 Command OD Multicast, And_Previous, Enable filter
Filter 1 CRC16 6FOE CRC16 (FF, 02...8C, 6C)

Wake-up frame filter register block program sequence:
write CSR1-PM 00000003 (Filter 0 Byte Mask)
write CSR1-PM  0000FFFF (Filter 1 Byte Mask)
write CSR1-PM 00000000 (Filter 2 Byte Mask)
write CSR1-PM 00000000 (Filter 3 Byte Mask)
write CSR1-PM 00000D01  (Filter 0-3 Command)
write CSR1-PM 0000260C  (Filter 0-3 Offset)
write CSR1-PM 6FOE7006 (Filter 0-1 CRC16)
write CSR1-PM 00000000 (Filter 2-3 CRC16)

Partial pattern matching with onefilter:

Wake-up frame filter register’s value:
Filter O Byte Mask OOO0OFFFF Pattern’s bytes: 38..53

Filter O Offset 26 Offset =38
Filter 0 Command 09 Multicast, Enable_filter
Filter 0 CRC16 6FOE CRC16 (FF, 02...8C, 6C)

Wake-up frame filter register block program sequence:
write CSR1-PM 0000FFFF (Filter O Byte Mask)
write CSR1-PM 00000000 (Filter 1 Byte Mask)
write CSR1-PM 00000000 (Filter 2 Byte Mask)
write CSR1-PM 00000000 (Filter 3 Byte Mask)
write CSR1-PM 00000009 (Filter 0-3 Command)
write CSR1-PM 00000026 (Filter 0-3 Offset)
write CSR1-PM 00006FOE (Filter 0-1 CRC16)
write CSR1-PM 00000000 (Filter 2-3 CRCL16)

Note: The Destination MAC Address is detected by the 21145 address filtering mechanism and not by the
frame filter. The 21145 should be programmed to receive broadcast frame.
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The HomePNA PHY Register Interface G

This interface is used to access the HomePNA PHY's internal registers. This appendix describes
the register access procedure through CSR9. For a description of the HomePNA PHY’s commands
and registers, segection 8.5

This interface is controlled by writing and reading CSR9<23:20>. The following instructions
illustrate how a write or read command should be issued utilizing CSR9. It should be noted that
before any write operation to the HomePNA CSRs, the SET_WE (write enable) command should
be issued.

SET WRITE ENABLE (SET_WE) COMMAND (COMMAND = 0000 0110)

1. Write CSR9 with CS=0, SCLK=0, SI=SO=don’t care

Write CSR9 with CS=1, SCLK=0, SI=SO=don'’t care

Write CSR9 with CS=1, SCLK=0, SI= command bit<7>=0, SO=don't care

Write CSR9 with CS=1, SCLK=1, SI= command bit<7>=0, SO=don't care

Write CSR9 with CS=1, SCLK=0, SI= command bit<6>=0, SO=don't care

Write CSR9 with CS=1, SCLK=1, SI= command bit<6>=0, SO=don’t care

Write CSR9 with CS=1, SCLK=0, SI= command bit<5>=0, SO=don’t care

Write CSR9 with CS=1, SCLK=1, SI= command bit<5>=0, SO=don’t care

Write CSR9 with CS=1, SCLK=0, SI= command bit<4>=0, SO=don't care
. Write CSR9 with CS=1, SCLK=1, SI= command bit<4>=0, SO=don't care
. Write CSR9 with CS=1, SCLK=0, SI= command bit<3>=0, SO=don’t care
. Write CSR9 with CS=1, SCLK=1, SI= command bit<3>=0, SO=don’t care
. Write CSR9 with CS=1, SCLK=0, SI= command bit<2>=1, SO=don’t care
. Write CSR9 with CS=1, SCLK=1, SI= command bit<2>=1, SO=don'’t care
. Write CSR9 with CS=1, SCLK=0, Sl= command bit<1>=1, SO=don't care
. Write CSR9 with CS=1, SCLK=1, Sl= command bit<1>=1, SO=don't care
. Write CSR9 with CS=1, SCLK=0, SI= command bit<0>=0, SO=don't care
. Write CSR9 with CS=1, SCLK=1, SI= command bit<0>=0, SO=don'’t care
. Write CSR9 with CS=0, SCLK=0, SI=SO=don’t care
20. Write CSR9 with CS=0, SCLK=1, SI=SO=don't care

© © N o g ks~ w D
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BYTE WRITE OPERATION (COMMAND = 0000 0010)
1. Write CSR9 with CS=0, SCLK=0, SI=SO=don’t care
2. Write CSR9 with CS=1, SCLK=0, SI=SO=don’t care
3. Write CSR9 with CS=1, SCLK=0, SI= command bit<7>=0, SO=don't care
4. Write CSR9 with CS=1, SCLK=1, SI= command bit<7>=0, SO=don't care
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And this goes on until the last command bit:

1. Write CSR9 with CS=1, SCLK=0, SI= command bit<0>=0, SO=don’t care
. Write CSR9 with CS=1, SCLK=1, SI= command bit<0>=0, SO=don't care
. Write CSR9 with CS=1, SCLK=0, SI= byte-address-bit<7>, SO=don’t care
. Write CSR9 with CS=1, SCLK=1, SI= byte-address-bit<7>, SO=don’t care
. Write CSR9 with CS=1, SCLK=0, SI= byte-address-bit<6>, SO=don’t care
. Write CSR9 with CS=1, SCLK=1, SI= byte-address-bit<6>, SO=don’t care

o O~ W N

And this goes on until the last address bit (bit <0> of the address)
1. Write CSR9 with CS=1, SCLK=0, SI= byte-address-bit<0>, SO=don’t care
2. Write CSR9 with CS=1, SCLK=1, SI= byte-address-bit<0>, SO=don't care
3. Write CSR9 with CS=1, SCLK=0, Sl= data-byte-bhit<7>, SO=don’t care
4. Write CSR9 with CS=1, SCLK=1, Sl= data-byte-bit<7>, SO=don’t care

And this goes on until the last data byte:
1. Write CSR9 with CS=1, SCLK=0, SI= data-byte-bit<0>, SO=don't care
2. Write CSR9 with CS=1, SCLK=1, Sl= data-byte-hit<0>, SO=don’t care
3. Write CSR9 with CS=0, SCLK=0, SI=SO=don't care
4. Write CSR9 with CS=0, SCLK=1, SI=SO=don't care

BYTE READ OPERATION (COMMAND = 0000 0011)
1. Write CSR9 with CS=0, SCLK=0, SI=SO=don't care
2. Write CSR9 with CS=1, SCLK=0, SI=SO=don’t care
3. Write CSR9 with CS=1, SCLK=0, SI= command bit<7>=0, SO=don’t care
4. Write CSR9 with CS=1, SCLK=1, SI= command bit<7>=0, SO=don't care

And this goes on until the last command bit:

1. Write CSR9 with CS=1, SCLK=0, SI= command bit<0>=1, SO=don’t care
Write CSR9 with CS=1, SCLK=1, SI= command bit<0>=1, SO=don’t care
Write CSR9 with CS=1, SCLK=0, SI= byte-address-bit<7>, SO=don't care
Write CSR9 with CS=1, SCLK=1, SI= byte-address-bit<7>, SO=don't care
Write CSR9 with CS=1, SCLK=0, SI= byte-address-bit<6>, SO=don't care
Write CSR9 with CS=1, SCLK=1, SI= byte-address-bit<6>, SO=don’t care

S

And this goes on until the last bit (bit <O0> of the address)
1. Write CSR9 with CS=1, SCLK=0, SI= byte-address-bit<0>, SO=don’t care
2. Write CSR9 with CS=1, SCLK=1, SI= byte-address-bit<0>, SO=don't care
3. Write CSR9 with CS=1, SCLK=0, SI=SO=don’t care
4. Read CSR9: SO = data-bit<7>
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Write CSR9 with CS=1, SCLK=1, SI=SO=don't care
. Write CSR9 with CS=1, SCLK=0, SI=SO=don’t care
. Read CSR9: SO = data-bit<6>

. Write CSR9 with CS=1, SCLK=1, SI=SO=don't care
. Write CSR9 with CS=1, SCLK=0, SI=SO=don't care
10. Read CSR9: SO = data-bit<5>

11. Write CSR9 with CS=1, SCLK=1, SI=SO=don't care

© © N o O

And this goes on until the last bit of the data:

1. Write CSR9 with CS=1, SCLK=0, SI=SO=don’t care
Read CSR9: SO = data-bit<0>
Write CSr9 with CS=1, SCLK=1, SI=SO=don't care
Write CSR9 with CS=0, SCLK=0, SI=SO=don't care
Write CSR9 with CS=0, SCLK=1, SI=SO=don't care

o M 0D
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HomePNA Telephone Line Interface H

This section details the 21145 HomePNA telephone line interface signals, as well astiming
diagrams and specification.

H.1 Pin Description

Table H-1 describes the HomePNA pins.

Table H-1. HomePNA Telephone Line Pins

Pin Pin
B Number, Number, A
Signal Type 176-pin 144-pin Description
package package
hr 1% n | 175 143 Negative differential receive input from the
== phone line.
hr_x_p | 174 142 Posmvg differential receive input from the
phone line.
hr_txp o 11 11 Positive differential transmit output with
hr_txn.
hr txn o 12 12 Negative differential transmit output with
- hr_txp.
High-power positive differential transmit
hr_txph (0] 13 13 output with hr_txnh. Changes polarity at low
HomePNA power levels.
High power negative differential transmit
hr_txnh (0] 14 14 output with hr_txph. Changes polarity at low
HomePNA power levels.

H.2 HomePNA Transmit Output Pin Configuration

For the pin configuration, see Table H-2; for the transmit waveforms, see Figure H-1.

Table H-2. HomePNA Transmit Pin Configuration?®

Power Parameter hr_txp hr_txph hr_txn hr_txnh
High power Voh 1 1 0 0
High power Vo 0 0 1 1
Low power Von 0 1 1 0
Low power A 1 0 0 1

1 When no pulse is being transmitted, all four pinsdrive 0.
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Figure H-1. Transmit Output Waveform Mask, One Symbol. Without load. 500PPM

hr_txn/hr_txnh

1333 ns *

hr_txp/hr_txph

* The pulse width depends on the value written in the HomePNA PHY TX_PULSE_WIDTH register.
133.3 ns is the default value, which is also the recommended value.

A6440-01
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Magic Packet Format

This appendix describes the 21145 Magic Packet format.

Figure I-1 shows the structure of a Magic Packet used in the 21145

Figure I-1. Magic Packet Format for the 21145

Physical / Broadcast Destination Address (A)!

Physical / Broadcast Destination Address (B)

Physical / Broadcast Destination Address (C)

Physical / Broadcast Destination Address (D)

Physical / Broadcast Destination Address (E)

Physical / Broadcast Destination Address (F)

Source Node Physical Address (6 Bytes)

Length / Type (2 Bytes)

Miscellaneous Data (M Bytes)

SYNCH1 (FFh)

SYNCH?2 (FFh)

SYNCH3 (FFh)

SYNCH4 (FFh)

SYNCHS (FFh)

SYNCH6 (FFh)

Remote Wake-Up-LAN IEEE Address (A)

Remote Wake-Up-LAN IEEE Address (B)

Remote Wake-Up-LAN IEEE Address (C)

Remote Wake-Up-LAN IEEE Address (D)

Remote Wake-Up-LAN IEEE Address (E)

Remote Wake-Up-LAN IEEE Address (F)

$

Miscellaneous Data (N Bytes)

CRC (4 Bytes)

Wake-Up
Addresses A to F
Repeated 16 times

A6749-01
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Example I-1 shows the fields of a 21145 Magic Packet.
Example I-1. 21145 Magic Packet Fields
Physi cal Destination Address (A-B-C-D-E-F) 08-00-2B-11-22-33
Source Node Physical Address 08-00-2B-44-55-66
Lengt h/ Type 00- 00

The Magic Packet for the 21145 would consist of the follow ng data plus four bytes
of CRC (transmitted in byte order fromleft to right, and top to botton)

(A—B—C—D—E—F)

08 00 2B 11 22 33(Renpte Wake- Up-LAN | EEE Address A to F)
08 00 2B 44 55 66(Source Node Physical Address)

00 00(Length/ Type Field)

FF FF FF FF FF FF(Synchroni zati on Pattern)

08 00 2B 11 22 33(Renpte Wake- Up-LAN | EEE Address A to F)
08 00 2B 11 22 33(Renmpte Address A to F Repeated 16 Ti nes)
08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

08 00 2B 11 22 33

00 00 00 00 00 00

Note: Thematch is performed byte by byte. If one address does not match, the 21145 scans the Magic
Packet for another synchronization pattern and repeats the match process. The 21145 makes no
assumption of the content of the source node physical address. For example, the source node
physical address can start with consecutive FF or have FF at any place in the 6-byte address field.
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Index

A

ACPI 6-1
defined 6-1
Addressfiltering 8-43, 8-45, 8-65, F-1
bits 2-16
caution 2-24
driver procedure 6-5
frame processing 2-25
hash 2-14
hash only 2-14
ignore destination address 8-43
imperfect 8-45
imperfect mode 8-45
MAC address detected F-4, F-6
packet passed 8-65
pass bad frame mode 8-45
pass unicast frames 6-4
wake-up frames 6-4, 6-6
Alignment
error description 4-14
Anaog Front End 4-5
Arbitration
bus 8-24
scheme 2-21
timing 3-5
Autonegotiation
arbitration states 8-58
Autopolarity detector
purpose of 4-5
Auxiliary power source
D3 state 6-2

B

Burst length 8-24
Bus
arbitration 3-5, 8-24, 8-44
commands 3-1
error hits 8-40
runt frames 1-2
unsupported transactions 3-2
Bus master 3-1
enabling 8-7
operations 3-5
Bus mode register
See CSRO
Busslave 3-1
operations 3-2
Byte ordering
big endian 8-24
little endian 8-24

C

Cache 8-25
Capture effect
definition 4-19
enable 8-43
example 4-19
resolution 4-20
sequence 4-19
specia enable 8-43
2-0 backoff algorithné-20
cardBus8-69, 8-106
modem access-2
modem read acce&s3
modem write acceso-2
Carrier
inhibiting snooze mod6&-7
Carrier-sense multiple access with collision detection
See CSMA/CD
CBER8-14, 8-100
mapping8-14, 8-100
ROM enable bi8-14, 8-15, 8-100, 8-101
cBlo 8-10, 8-96
addres83-10, 8-96
cBMA 8-11, 8-97
addres$8-11, 8-98
modem8-97
CCAP
modem p]czév:tle-r management register block poi8ter

ccip 8-103

ccis8-12, 8-98
ROM image8-12, 8-99
space offseB-12, 8-99

CFCcs8-6, 8-92

cFDD 8-20

CFID 8-5, 8-92

cFIT 8-16, 8-102

CFLT 8-9

CFRv 8-8, 8-94

Command and status configuration register
See CFCS

Configuration base 1/O address register
See CBIO

Configuration base memory address register
See CBMA

Configuration card information structure register
See CCIS

Configuration driver area register
See CFDD

Configuration Header Type Register
See CFHT

Configuration ID register
See CFID
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Configuration interrupt register
See CHIT

Configuration latency timer register
See CFLT

Configuration registers
enhanced 8-3
mapping 8-3

Configuration revision register
See CFRV

Conventions 1-2

cpvc 8-104

CRC 8-31
CRC-16 8-31
cyclic redundancy check error 2-6
disable padding effect 2-13
disable to end of frame 2-13
error 4-14
Ethernet cyclic redundancy check 2-18
polynomia 6-4
See also Frame check sequence
serid ROM 6-3

CSMA/CD
counters A-1

CSR
access to 8-22
autoconfi%uration 8-60
mapping 8-22

CSR0 8-23

CSR1 8-26

CSR10 8-55

CSR11 8-56
expired 8-39
value 8-57

CSR12 8-58

csr13 8-60

CSR14 8-61

CSR15 8-64

CsrR2 8-32

CSR3 8-35

CSr4 8-35

CSR5 8-37

CSR6 8-42

CSR7 8-48

Csrs 8-51

CSR9 8-53

Cyclic redundancy check
See CRC

D

Data communications 2-1
Descriptor

error 4-

list addresses 8-35

missed frame counter 8-52

skip length 8-24
Descriptor list address register

See CSR3 and CSR4
Destination address bit 1 4-13
Device select

Index-2
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timing 8-7, 8-93

Disconnect 3-8, 3-9, 3-10, 3-12, 3-13, 8-6, 8-21
from the PCI bus 8-92

DMA
programmable burst length 8-24

Dribbling bit 2-6, 4-14

Driver requirements

deep 6-6, 6-7
Duplex
full 4-1, 4-6, 4-17, 4-18, 8-44, 8-62, 8-67
haf 2-21, 4-6, 4-18, 8-44, 8-62, 8-63
E
End of Ring 2-7, 2-13
Endian 8-24
Error
system 8-7, 8-93

Ethernet 6-3, 8-3
frame format 4-7
imperfect filtering 4-8
inverse filtering 4-9
perfect filtering 4-8
promiscuous reception 4-9
receive addresses 4-8
Expansion ROM
byteread 7-3
byte write 7-4
Dword read 7-5
interface 8-53
pointer 8-55
select 8-54
Expansion ROM base address register
See CBER
Expansion ROM programming address register
See CSR10
Expansion ROM, serial ROM, and M1l management register
See CSR9
External register
operation 7-13
select 8-54

F

Fast transactions
back-to-back 8-7
Frame check sequence
computation 4-7
Frame format
description 4-7
Frame too long
description 4-14
Full-duplex
mode 8-44
operations 4-17

G

General-purpose
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port and LEDs 7-14
General-purpose timer register
See CSR11

H

Half/full-duplex autonegotiation
description 4-1
Hardware reset
after 4-5
ID block 7-6
initiate 2-20 8.7
parity checking o-
port select 8-23
power state 6-6, 8-2
sleep mode 8-21
Hash 2-18, 2-19
algorithm 4-8
C routine example B-1
filtering 2-14
filtering modes 8-47
only filtering 2-14, 8-45
only receive filtering 2-25
erfect 2-25, 8-45
Heartbeat 2-11, 8-43, 8-44, 8-62

collision pulsefail 2-11

pins H-1
telephone line interface H-1
transmit outpin pins H-1
Host communication 2-1
data buffers 2-1
descriptor lists 2-1
descriptor ring and chain structures 2-2
receive descriptor format 2-3
transmit descriptor format 2-9

HomePNA 1-1, 1-3, 1-4, 1-5, 1-6, 2-6, 2-20, 2-22,
4-5, H-1

ID
device 8-5, 8-92
manufacturer 8-5, 8-92
|IEEE 802.3
signals 4-2
Imperfect filtering
wake up system 6-4
Initialization
sleep mode 6-7
Input port selection
with interrupt D-1
without interrupt D-1
Interpacket gap
See PG
Interrupt
abnormal 8-39
early receive 8-39
early receive enable 8-49
enabling 8-48
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ETI 8-39
mitigation 2-23, 3-15, 8-22
inhibiting snooze mode 6-7
multiple events 2-22
normal 8-38
pin definition 8-16, 8-102
Interrupt enable register
See CSR7
IPG
IPS1
duration 4-10
1PS2
duration 4-10
1/0 space
accessto 8-7, 8-94

J

Jabber timeout 2-28, 4-21, 8-39
Jabber timer
purpose of 4-21

L
Latecollision 2-5, 2-11, 4-11, 4-14, 4-21
Latency
counter 2-24
high bus systems 4-9
low bus systems 4-9
timer 8—%, 8-9
Latency timer
count 8-9
LED/Control selection D-2
Link
fail state 8-59
pass state 8-59
preventing false detection 8-66
Link change 2-22, 8-
detected 8-34
event detected 3-15
in power state 6-5
PME 6-5
Link fail
test fail 2-12
L oopback modes 4-15
driver enters 4-16
driver exits 4-17
externa 4-16
internal 4-15
Loopback operation mode 8-46

M

MAC 4-6-4-11

Magic block 6-3

Magic Packet 6-2, 6-3
change in power state 6-5
enable 8—54
fields -2
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format 1-1

PME 6-5

received 8-34
Manchester

Master abort 3-10, 3-11, 8-7, 8-40
Media access control
See MAC
Media-independent interface
See MII
Memory space
accessto 8-6, 8-7, 8-94
Memory write and invalidate enable command 8-7
Ml
characteristics 4-1
error 2-6
location 4-1
management 8-53
port
port select 8-43
port selection C-1
signals 4-2
MII/SYM
operating modes 4-3
Missed frame counter register
See CSR8
Modem 8-90
cBIO 8-96
CBMA 8-97
chip select 5-1
chipset's CSR8-96
configuration register8-89
data pinsb-1
enabled by serial RONd>-1
interface field8-95
/O space access& 94
mapping CSR8-98
memory space accessgs94
new capabilities field3-93
number of8-96
parity error8-93, 8-94
PCl/CardBus access-2
PME 8-103, 8-104
PME enable field3-105
PME status field3-105
power management PCI versi@a104
power state field-105
power-management capabiliti€s 103
read acces-
read pin5-1
subclass field3-95
system erroB8-93
wake-up ringb-6
write acces®-2
write pin 5-1
Modes §-24
descriptor byte ordering-
filtering 8—4%
force collision8-44
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imperfect address filterin§-45

inverse filtering8-45

MII programming8-

pass bad frame8-45

perfect address filterin§-45

promiscuous3-

receiver operatin@-61

SIA programming3-67, 8-70, 8-71, 8-72, 8-73,

8-107, 8-109, 8-110

sleep8-21

transmitter operatin@-61
Multicast frames

pattern filter6-4

O

Operation mode register
See CSR6
Output port selectiofD-1

P

Packets
PG 4-17
Parity
disable checkind3-7
error detectiorB-7, 8-93
generation3-
report3-14
software reseB-40
status8-7
Parity error
detected field3-93
modem system errd3-93
response field-94
Parking3-14
PCI
modem access-2
purpose3-1
PCI clock
power state-2
PCl/CardBus
access to moderd-2
PCS
implementatiord-1
Peripheral component interconnect
See PCI
Physical coding sublayer
See PCS
Physical layer medium dependent
See PMD
Physical medium attachment
See PMA
PMA 4-1
PMD 4-1
PME
Magic packeo-5
modem8-103
Power statd-2
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wake-up frame 6-5

PME status
field 8-105

Polarity
modem power down 5-1
modem ring indicator 5-2
wake pin 6-3

It
datarate 8-46
Power 6-1
Power management
mechanism 6-1
monitor 8-104
PCl interface 6-2
PCI register ID field 8-104
PCI version field 8-104
Power Management Control Register
See CPMC
Power management event
Seealso PME
Power state
PCI clock 6-2
PME 6-2
Power-saving mode 2-21
recommendation 6-8
sleep 6-1, 6-6, 8-21
snooze 6-1, 8-21
Preamble recognition sequence 4-12

R

RDESO 2-3

RDESL1 2-7

RDES2 2-8

RDES3 2-8

Read access
modem 5-3

Read cycle
configuration 3-4
memog 3-6
slave 3-2

Receive
all packets 8-43
buffer 1 address 2-8
buffer 2 address 2-8
data buffer 1

bytesize 2-7
data buffer 2
bytesize 2-7

datatype 2-5
descriptor status validity 2-9
DMA conditions 2-21
end of ring 2-7
error summary 2-5
first descriptor 2-5
frame length 2-4
frame too long 2-5
frame type 2-6
last descriptor 2-5
multicast frame 2-5

OWN bit 2-4
process state 8-41
second address chained 2-7
start of list 8-35
Receive descriptor 2-3—-2-9
See al so specific receive descriptor entries
Receive descriptor O
See RDESO
Receive descriptor 1
See RDESL
Receive descriptor 2
See RDES2
Receive descriptor 3
See RDES3
Receive poll demand register
See CSR2
Receive process 2-24-2-26
buffer unavailable 8-40
descriptor acquisition 2-24
frame processing 2-25
start, stop 8—48
when suspended 2-25
window 2-21
Receiving operation 4-12-4-14
address matching 4-13
data polarity 8—%2
frame condition 4-14
frame decapsulation 4-13
initiation 4-12
preamble processing 4-12
terminating 4-14
Register 8- 1—%—68
See specific register entries
Reset
hardware 2-20
SIA 8-60
software 2-20
Retry
termination 8-90, 8-98, 8-99
Revision number 8-8, 8-95
Runt frame
sze4-14

S

Serial port autosensin
description 4-1
Serial ROM
cBlo 8-96
CBMA 8-97
ccip 8-103
ccis 8-98
CFRV 8-95
csip 8-99
interface 8-53
Magic block 6-3
mdm ring indicator polarity 5-2
modem configuration registers 8-90
modem enabled 5-1
modem power down polarity 5-1
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modem speaker enable value 5-2
new capabilities 8-93
number of modem registers 8-96
polarity of wake pin 6-3
power reduction 6-6, 6-8
read operation 7-7
select 8-54
write operation 7-10
Setup frame
imperfect filtering format 2-18
perfect filtering format 2-17
size 2-16
SIA
driver enable 8-63
Signd quality
heartbeat 8-62
Sleep
driver requirements 6-6, 6-7
Sleep mode 6-1, 8-21
Smart squelch
description of 4-4
Snooze mode 6-1, 6-7, 8-21
inhibited 6-7
sPG-1
ssiD 8-13, 8-99
subsystem 1D 8-13, 8-100
subsystem vendor ID 8-13, 8-100
Startup procedure 2-23
Status
CSR5 8-37
Status register
See CSR5
stp4-1
Subsystem ID register
See SSID
SYM
port selection C-1
System error
enabling 8-7, 8-93
modem parity error 8-93

T

Target disconnect
termination 3-12
Target retry
datatransaction 3-13
TDESO 2-10
TDES1 2-12
TDES? 2-14
TDES3 2-15
Terminations
master abort 8-7
master-initiated 3-10
memory-controller 3-10
dave-initiated 3-8
target abort 8-7
Transmit
automatic polling 8-24
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buffer 1 address 2-14
buffer 2 address 2-15
collision counter 2-12
CRC disable 2-13
data buffer 2

byte size 2-13
data bufferl

byte size 2-13
defer 5—12

descriptor status vaidity 2-15

DMA conditions 2-21

end of ring 2-1.3

error summary 2-11

filtering types 2-14

first segment 2-13

interrupt on completion 2-13

last segment 2-13

OWN bit 2-112 13

padding disable Z-

process state 8-41

second address chained 2-13

start of list 8-36

threshold 8-46
Transmit descriptor O

See TDESO
Transmit descriptor 1

See TDESL
Transmit descriptor 2

Sce TDES2
Transmit descriptor 3

See TDES3
Transmit descriptors 2-9-2-15

See also specific transmit descriptor entries
Transmit jabber timer

timeout 8-40
Transmit poll demand register

See CSR1
Transmit process 2-26-2-28

buffer unavailable 8-40

frame processing 2-27

polling suspended 2-27

state transitions 2-28

window 2-21
Transmit threshold

10 Mb/s or 100 Mb/s 8-43
Transmitting operation 4-9-4-11

collision 4-10

initial deferral 4-10

initiation 4-9

parameters 4-11

termination 4-11
Twisted-pair

compensation behavior 8-64

U

Unicast frames
pattern filter 6-4
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W

Wake-up events 6-2
Wake-up frame

address filtering 6-4, 6-5

PME 6-5
Wake-up-LAN

packet format -1
Watchdog timer

line status 8-39

purpose of 4-21

receive 2-6
Write access

modem 5-2
Write cycle

memog 37

-3

slave

Z

10BASE-T

functions of 4-4

link integrity test 4-5

port select 8-43, C-2
10-MHz clock

options 4-4
100BASE-FX

implementation 4-1
100BASE-T

definition 4-1
100BASE-TX

implementation 4-1
100BASE-T4

implementation 4-1
100BASE-X

implementation 4-1
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Support, Products, and Documentation

If you need general information or support, call 1-800-628-8686 or visit Intel's website at:

http://www.intel .com

Copies of documents that have an ordering number and are referenced in this document, a product
catalog, or other Intel literature may be obtained by calli8g0-548-4725 or by visiting Intel's
website for developers at:

http://developer.intel.com
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