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Highlights

= Optimized for medium to high performance
applications

= Efficient architecture with low CPU overhead

= Easily interfaces to most 16-bit embedded CPU’s

= Integrated PHY with HP Auto-MDIX support

= Supports audio & video streaming over Ethernet:
1-2 high-definition (HD) MPEG2 streams

= Compatible with other members of LAN9218 family

Target Applications

= Video distribution systems, multi-room PVR

= Cable, satellite, and IP set-top boxes

= Digital video recorders and DVD recorder/players
= Digital TV

= Digital media clients/servers and home gateways
= Video-over IP solutions, IP PBX & video phones
= Wireless routers & access points

= High-end audio distribution systems

Key Benefits

= Non-PCI Ethernet controller for medium-high
performance applications
— Highest performing non-PCI Ethernet controller
— 16-bit interface with fast bus cycle times
— Burst-mode read support
— External MIl Interface
= Eliminates dropped packets
— Internal buffer memory can store over 200 packets
— Automatic PAUSE and back-pressure flow control
= Minimizes CPU overhead
— Supports Slave-DMA
— Interrupt Pin with Programmable Hold-off timer
= Reduces system cost and increases design flexibility

= SRAM-like interface easily interfaces to most
embedded CPU’s or SoC’s

= Reduced Power Modes
— Numerous power management modes
— Wake on LAN*
— Magic packet wakeup*
— Wakeup indicator event signal
— Link Status Change

SMSC LAN9217

Single chip Ethernet controller

— Fully compliant with IEEE 802.3/802.3u standards
— Integrated Ethernet MAC and PHY

— 10BASE-T and 100BASE-TX support

— Full- and Half-duplex support

— Full-duplex flow control

— Backpressure for half-duplex flow control

— Preamble generation and removal

— Automatic 32-bit CRC generation and checking
— Automatic payload padding and pad removal
— Loop-back modes

Flexible address filtering modes

— One 48-bit perfect address

— 64 hash-filtered multicast addresses
— Pass all multicast

— Promiscuous mode

— Inverse filtering

— Pass all incoming with status report
— Disable reception of broadcast packets

Integrated 10/100 Ethernet PHY

— Supports HP Auto-MDIX

— Auto-negotiation

— Supports energy-detect power down

Host bus interface

— Simple, SRAM-like interface

— 16-bit data bus

— 16Kbyte FIFO with flexible TX/RX allocation

— One configurable host interrupt

Miscellaneous features

— Low-profile 100-pin TQFP, lead-free RoHS Compliant
package

— Integrated 1.8V regulator

— General Purpose Timer

— Optional EEPROM interface

— Support for 3 status LEDs multiplexed with
Programmable GPIO signals

Single 3.3V Power Supply with 5V tolerant I/O
0°C to +70°C Commercial Temperature Support

* Third-party brands and names are the property of their respective
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Chapter 1 General Description

SMSC LAN9217

The LAN9217 is a full-featured, single-chip 10/100 Ethernet controller designed for embedded
applications where performance, flexibility, ease of integration and system cost control are required.
The LAN9217 has been specifically designed to provide the highest performance possible for any 16-
bit application. The LAN9217 is fully IEEE 802.3 10BASE-T and 802.3u 100BASE-TX compliant, and
supports HP Auto-MDIX.

The LAN9217 includes an integrated Ethernet MAC and PHY with a high-performance SRAM-like
slave interface. The simple, yet highly functional host bus interface provides a glue-less connection to
most common 16-bit microprocessors and microcontrollers as well as 32-bit microprocessors with a
16-bit external bus. The LAN9217 includes large transmit and receive data FIFOs to accommodate
high latency applications. In addition, the LAN9217 memory buffer architecture allows highly efficient
use of memory resources by optimizing packet granularity.

Applications

The LAN9217 is well suited for many medium-high-performance embedded applications, including:
= Medium-range cable, satellite and IP set-top boxes

= High-end audio distribution systems

= Digital video recorders

= DVD Recorders/Players

= Digital TV

= Digital media clients/servers

= Home gateways

The LAN9217 also supports features which reduce or eliminate packet loss. Its internal 16-KByte
SRAM can hold over 200 received packets. If the receive FIFO gets too full, the LAN9217 can
automatically generate flow control packets to the remote node, or assert back-pressure on the remote
node by generating network collisions.

The LAN9217 supports numerous power management and wakeup features. The LAN9217 can be
placed in a reduced power mode and can be programmed to issue an external wake signal via several
methods, including “Magic Packet”, “Wake on LAN” and “Link Status Change”. This signal is ideal for
triggering system power-up using remote Ethernet wakeup events. The device can be removed from
the low power state via a host processor command.

9 Revision 2.7 (03-15-10)
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1.1 Block Diagram
System Memory
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Microprocessor/
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M M A
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EEPROM
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Figure 1.1 System Block Diagram
The SMSC LAN9217 integrated 10/100 MAC/PHY controller is a peripheral chip that performs the
function of translating parallel data from a host controller into Ethernet packets. The LAN9217 Ethernet
MAC/PHY controller is designed and optimized to function in an embedded environment. All
communication is performed with programmed |/O transactions using the simple SRAM-like host
interface bus.
The diagram shown above, describes a typical system configuration of the LAN9217 in a typical
embedded environment.
The LAN9217 is a general purpose, platform independent, Ethernet controller. The LAN9217 consists
of four major functional blocks. The four blocks are:
= 10/100 Ethernet PHY
= 10/100 Ethernet MAC
= RX/TX FIFOs
= Host Bus Interface (HBI)
1.2 Compatibility with First-generation LAN9118 Family Devices

Revision 2.7 (03-15-10)

The LAN9217 is driver-, register-, and footprint-compatible with previous generation LAN9118 Family
devices. Drivers written for these products will work with the LAN9217. However, in order to support
HP Auto-MDIX, other components such as the magnetics and the passive components around the
magnetics need to change, and supporting these changes does require a minor PCB change. A
reference design for the LAN9217 will be available on SMSC’s website.

SMSC LAN9217
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Internal Block Overview

This section provides an overview of each of these functional blocks as shown in Figure 1.2, "Internal

Block Diagram".
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1.4

1.5

SMSC LAN9217

Figure 1.2 Internal Block Diagram

10/100 Ethernet PHY

The LAN9217 integrates an IEEE 802.3 physical layer for twisted pair Ethernet applications. The PHY
can be configured for either 100 Mbps (100BASE-TX) or 10 Mbps (10BASE-T) Ethernet operation in
either full or half duplex configurations. The PHY block supports HP Auto-MDIX and auto-negotiation.

Minimal external components are required for the utilization of the Integrated PHY.

10/100 Ethernet MAC

The transmit and receive data paths are separate within the MAC allowing the highest performance
especially in full duplex mode. The data paths connect to the PIO interface Function via separate
busses to increase performance. Payload data as well as transmit and receive status is passed on
these busses.

A third internal bus is used to access the MAC’s Control and Status Registers (CSR’s). This bus is
accessible from the host through the PIO interface function.

On the backend, the MAC interfaces with the internal 10/100 PHY through a MIl (Media Independent
Interface) port internal to the LAN9217. The MAC CSR's also provide a mechanism for accessing the
PHY’s internal registers through the internal SMI (Serial Management Interface) bus.The Ethernet MAC
can also communicate with an external PHY. This mode however, is optional.

The MAC Interface Layer (MIL), within the MAC, contains a 2K Byte transmit and a 128 Byte receive
FIFO which is separate from the TX and RX FIFOs. The FIFOs within the MAC are not directly
accessible from the host interface. The differentiation between the TX/RX FIFO memory buffers and
the MAC buffers is that when the transmit or receive packets are in the MAC buffers, the host no longer

11 Revision 2.7 (03-15-10)
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can control or access the TX or RX data. The MAC buffers (both TX and RX) are in effect the working
buffers of the Ethernet MAC logic. In the case of reception, the data must be moved first to the RX
FIFOs for the host to access the data. For TX operations, the MIL operates in store-and-forward mode
and will queue an entire frame before beginning transmission.

Receive and Transmit FIFOs

The Receive and Transmit FIFOs allow increased packet buffer storage to the MAC. The FIFOs are a
conduit between the host interface and the MAC through which all transmitted and received data and
status information is passed. Deep FIFOs allow a high degree of latency tolerance relative to the
various transport and OS software stacks thus reducing or minimizing overrun conditions. Like the
MAC, the FIFOs have separate receive and transmit data paths. In addition, the RX and TX FIFOs are
configurable in size, allowing increased flexibility.

Interrupt Controller

The LAN9217 supports a single programmable interrupt. The programmable nature of this interrupt
allows the user the ability to optimize performance dependent upon the application requirement. Both
the polarity and buffer type of the interrupt pin are configurable for the external interrupt processing.
The interrupt line can be configured as an open-drain output to facilitate the sharing of interrupts with
other devices. In addition, a programmable interrupt de-assertion interval is provided.

GPIO Interface

A 3-bit GPIO and 2-bit GPO (Multiplexed on the EEPROM and LED Pins) interface is included in the
LAN9217. It is accessible through the host bus interface via the CSRs. The GPIO signals can function
as inputs, push-pull outputs and open drain outputs. The GPIO’s (GPO’s are not configurable) can also
be configured to trigger interrupts with programmable polarity.

Serial EEPROM Interface

A serial EEPROM interface is included in the LAN9217. The serial EEPROM is optional and can be
programmed with the LAN9217 MAC address. The LAN9217 can optionally load the MAC address
automatically after power-on reset, hardware reset, or soft reset.

Power Management Controls

The LAN9217 supports comprehensive array of power management modes to allow use in power
sensitive applications. Wake on LAN, Link Status Change and Magic Packet detection are supported
by the LAN9217. An external PME (Power Management Event) interrupt is provided to indicate
detection of a wakeup event.

General Purpose Timer

The general-purpose timer has no dedicated function within the LAN9217 and may be programmed to
issue a timed interrupt.

SMSC LAN9217
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Host Bus Interface (SRAM Interface)

The host bus interface provides a FIFO interface for the transmit and receive data paths, as well as
an interface for the LAN9217 Control and Status Registers (CSR’s).

The host bus interface is the primary bus for connection to the embedded host system. This interface
models an asynchronous SRAM. TX FIFO, RX FIFO, and CSR’s are accessed through this interface.
Programmed I/O transactions are supported.

The LAN9217 host bus interface supports 16-bit bus transfers. Internally, all data paths are 32-bits
wide. The LAN9217 can be interfaced to either Big-Endian or Little-Endian processors.

External MIl Interface

The LAN9217 also supports the ability to interface to an external PHY device. This interface is
compatible with all IEEE 802.3 MIl compliant physical layer devices. For additional information on the
MII interface and associated signals, please refer to Section 3.11, "MIl Interface - External MII

Switching," on page 43 for more information.

13 Revision 2.7 (03-15-10)
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Chapter 2 Pin Description and Configuration
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VSS_A [] 77 49 [] D11
(Note 1) TPO - [] 78 48 [] vDD_IO
(Note 1) TPO+ [ 79 47 [ GND_IO
VSS_A [] 80 46 [] D12
VDD_A [] 81 45 [1 D13
(Note 1) TPI- ] 82 44 [1 D14
(Note 1) TPI+ [] 83 43 [] D15
NC [] 84 42 [] vDD_IO
VDD_A [ 85 SMS( : #1 [1 GND_IO
VSS_A [] 86 40 [J TX_CLK
EXRES1 [] 87 39 [] TXDO
VSS_A [ 88 I AN 921 7 38 [J TXD1
VDD_A [ 89 37 [ TXD2
NC O 90 36 [] TXD3
N [ o 100 PIN TQFP 3 1 voD_I0
nRD [ 92 34 [] GND_IO
nWR ] 93 33 [J CcOoL
nCS [ 94 32 [] CRS
nRESET [ 95 31 [J] MDC
GND_IO | 96 30 [ MDIO**
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**Denotes a multifunction pin
NOTE 1: When HP Auto-MDIX is activated, the TPO+/- pins function as TPI+/- and vice-versa.

Figure 2.1 Pin Configuration (Top View)

Revision 2.7 (03-15-10) SMSC LAN9217

14
DATASHEET



16-bit High-Performance Single-Chip 10/100 Ethernet Controller with HP Auto-MDIX Support

Datasheet “ Smsc®
21 Pin List

Table 2.1 Host Bus Interface Signals

BUFFER #
NAME SYMBOL TYPE PINS DESCRIPTION
Host Data D[15:0] 1/08 16 Bi-directional data port.
Host Address A[7:1] IS 7 7-bit Address Port. Used to select Internal CSR’s and
TX and RX FIFOs.

Read Strobe nRD IS 1 Active low strobe to indicate a read cycle.

Write Strobe nWR IS 1 Active low strobe to indicate a write cycle. This signal,
qualified with nCS, is also used to wakeup the
LAN9217 when it is in a reduced power state.

Chip Select nCS IS 1 Active low signal used to qualify read and write
operations. This signal qualified with nWR is also used
to wakeup the LAN9217 when it is in a reduced power
state.

Interrupt IRQ 08/0D8 1 Programmable Interrupt request. Programmable
Request polarity, source and buffer types.

FIFO Select FIFO_SEL IS 1 When driven high all accesses to the LAN9217 are to
the RX or TX Data FIFOs. In this mode, the A[7:3]
upper address inputs are ignored.

Table 2.2 Default Ethernet Settings

DEFAULT ETHERNET SETTINGS

SPEED_SEL SPEED DUPLEX AUTO NEG.
0 10Mbps Half-Duplex Disabled
1 100Mbps Half-Duplex Enabled

Table 2.3 LAN Interface Signals

BUFFER NUM

NAME SYMBOL TYPE PINS DESCRIPTION
TPO+ TPO+ AO 1 Transmit Positive Output (normal)
Receive Positive Input (reversed)
TPO- TPO- AO 1 Transmit Negative Output (normal)
Receive Negative Input (reversed)
TPI+ TPI+ Al 1 Receive Positive Input (normal)
Transmit Positive Input (reversed)
TPI- TPI- Al 1 Receive Negative Input (normal)
Transmit Negative Output (reversed)
PHY External Bias EXRES1 Al 1 Must be connected to ground through a 12.4K
Resistor ohm 1% resistor.

SMSC LAN9217 Revision 2.7 (03-15-10)
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Note: The pin names for the twisted pair pins shown above apply to a normal connection. If HP Auto-
MDIX is enabled and a reverse connection is detected, or a reverse connection is manually
selected, the input pins become outputs, and vice-versa, as indicated in the descriptions.

Table 2.4 Serial EEPROM Interface Signals

BUFFER NUM

NAME SYMBOL TYPE PINS DESCRIPTION
EEPROM Data, EEDIO/GPO3/ 1/108 1 EEPROM Data: This bi-directional pin can be
GPO3, TX_EN, TX_EN/TX_CLK connected to a serial EEPROM DIO. This is
TX_CLK - - optional.

General Purpose Output 3: This pin can also
function as a general purpose output, or it can
be configured to monitor the TX_EN or
TX_CLK signals on the internal Mll port. When
configured as a GPO signal, or as a
TX_EN/TX_CLK monitor, the EECS pin is
deasserted so as to never unintentionally
access the serial EEPROM. This signal cannot
function as a general-purpose input.

EEPROM Chip EECS 08 1 Serial EEPROM chip select.
Select
EEPROM Clock, EECLK/GPO4/ 08 1 EEPROM Clock: Serial EEPROM Clock pin.
GPO4 RX_DV, RX_DV/RX_CLK
RX_CLK General Purpose Output 4: This pin can also

function as a general-purpose output, or it can
be configured to monitor the RX_DV or
RX_CLK signals on the internal Mll port. When
configured as a GPO signal, or as an
RX_DV/RX_CLK monitor, the EECS pin is
deasserted so as to never unintentionally
access the serial EEPROM. This signal cannot
function as a general-purpose input.

Note: When the EEPROM interface is not
used, the EECLK pin must be left
unconnected.

Revision 2.7 (03-15-10) SMSC LAN9217
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Table 2.5 System and Power Signals
BUFFER NUM
NAME SYMBOL TYPE PINS DESCRIPTION
Crystal 1, Clock In XTAL1/CLKIN ICLK 1 External 25MHz Crystal Input. This pin can also

be connected to single-ended TTL oscillator
(CLKIN). If this method is implemented, XTAL2
should be left unconnected.

Crystal 2 XTAL2 OCLK 1 External 25MHz Crystal output.
Reset nRESET IS 1 Active-low reset input. Resets all logic and
(PU) registers within the LAN9217. This signal is

pulled high with a weak internal pull-up resistor.

If NRESET is left unconnected, the LAN9217

will rely on its internal power-on reset circuitry.

Note: The LAN9217 must always be read at
least once after power-up, reset, or
upon return from a power-saving state
or write operations will not function.
See Section 3.10, "Detailed Reset
Description," on page 41 for additional
information

Wakeup Indicator

PME 08/0D8 1 When programmed to do so, is asserted when
the LAN9217 detects a wake event and is
requesting the system to wake up from the
associated sleep state. The polarity and buffer
type of this signal is programmable.

Note: Detection of a Power Management
Event, and assertion of the PME
signal will not wakeup the LAN9217.
The LAN9217 will only wake up when
it detects a host write cycle (assertion
of nCS and nWR). Although any write
to the LAN9217, regardless of the data
written, will wake-up the device when
it is in a power-saving mode, it is
required that the BYTE_TEST register
be used for this purpose.

Auto-MDIX Enable AMDIX_EN I 1 Enables Auto-MDIX. Pull high enable Auto-
(PD) MDIX, pull low or leave unconnected to disable
Auto-MDIX.
10/100 Selector SPEED_SEL I 1 This signal functions as a configuration input on
(PU) power-up and is used to select the default

Ethernet settings. Upon deassertion of reset,
the value of the input is latched. This signal
functions as shown in Table 2.2, "Default
Ethernet Settings", below.

No Connect

NC 4 No Connect. These pins must be left open.

SMSC LAN9217
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Table 2.5 System and Power Signals (continued)

BUFFER NUM
NAME SYMBOL TYPE PINS DESCRIPTION
General Purpose GPIO[2:0)/ 1S/012/ 3 General Purpose 1/O data: These three
1/0O data, nLED[3:1] oD12 general-purpose signals are fully programmable
nLED1 (Speed as either push-pull output, open-drain output or
Indicator) input by writing the GPIO_CFG configuration
nLED?2 (Linl; & register in the CSR’s. They are also multiplexed
Activity Indicator) as GP LED connections.
y ’ GPIO signals are Schmitt-triggered inputs.
nLED3 (Full- When configured as LED outputs these signals
Duplex are open-drain.
Indicatory).
nLED1 (Speed Indicator). This signal is driven
low when the operating speed is 100Mbs,
during auto-negotiation and when the cable is
disconnected. This signal is driven high only
during 10Mbs operation.
nLED2 (Link & Activity Indicator). This signal
is driven low (LED on) when the LAN9217
detects a valid link. This signal is pulsed high
(LED off) for 80mS whenever transmit or
receive activity is detected. This signal is then
driven low again for a minimum of 80mS, after
which time it will repeat the process if TX or RX
activity is detected. Effectively, LED2 is
activated solid for a link. When transmit or
receive activity is sensed LED2 will flash as an
activity indicator.
nLED3 (Full-Duplex Indicator). This signal is
driven low when the link is operating in full-
duplex mode.
PLL Bias: Connect to an external 12.0K ohm
RBIAS RBIAS Al 1 1.0% resistor to ground. Used for the PLL Bias
circuit.
Test Pin ATEST [ 1 This pin must be connected to VDD for normal
operation.
Internal Regulator VREG P 1 3.3V input for internal voltage regulator
Power
+3.3V I/O Power VDD_IO P 8 +3.3V 1/O logic power supply pins
1/0 Ground GND_IO P 8 Ground for 1/O pins
+3.3V Analog VDD_A P 3 +3.3V analog power supply pins. See Note 2.1.
Power
Analog Ground VSS_A P 4 Ground for analog circuitry
Core Voltage VDD_CORE P 2 +1.8 V from internal core regulator. Both pins
Decoupling must be connected together externally. Each
pin requires a 0.01uF decoupling capacitor. In
addition, pin 3 requires a bulk 10uF capacitor
(<2 Ohm ESR) in parallel. These pins must not
be used to supply power to other external
devices. See Note 2.1.
Core Ground GND_CORE P 2 Ground for internal digital logic

Revision 2.7 (03-15-10)
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Table 2.5 System and Power Signals (continued)
BUFFER NUM
NAME SYMBOL TYPE PINS DESCRIPTION
PLL Power VDD_PLL P 1 +1.8V Power from the internal PLL regulator.
This pin must be connected to a 10uF capacitor
(<2 Ohm ESR), in parallel with a 0.01uF
capacitor to ground. This pin must not be used
to supply power to other external devices. See
Note 2.1.
PLL Ground VSS PLL P 1 GND for the PLL
Reference Power VDD_REF P 1 Connected to 3.3v power and used as the
reference voltage for the internal PLL
Reference Ground VSS_REF P 1 Ground for internal PLL reference voltage

Note 2.1

Please refer to the SMSC application note AN15.5 - “Migrating from LAN9117 to the
LAN9217 for additional details.

Table 2.6 MIl Interface Signals

BUFFER NUM

NAME SYMBOL TYPE PINS DESCRIPTION
Transmit Clock: TX_CLK | 1 Transmit Clock: 25MHz in 100Base-TX mode.
(PD) 2.5MHz in 10Base-T mode.
Transmit Data [3:0] TXDI[3:0] 08 4 Transmit Data 3-0: Data bits that are accepted
(PD) by the PHY for transmission.

When the internal PHY is selected, these
signals are driven low (0).

Transmit Enable

TX _EN o8 1 Transmit Enable: Indicates that valid data is
(PD) presented on the TXDI[3:0] signals, for
transmission.

When the internal PHY is selected, this signal
is driven low (0).

Receive Clock RX_CLK | 1 Receive Clock: 25MHz in 100Base-TX mode.
(PD) 2.5MHz in 10Base-T mode.
Receive Error RX_ER | 1 Receive Error: Asserted by the PHY to indicate
(PD) that an error was detected somewhere in the
frame presently being transferred from the PHY.
Collision Detect: COL | 1 MII Collision Detect: Asserted by the PHY to
(PD) indicate detection of collision condition.
Receive Data[3:0] RXD[3:0] | 1 Receive Data 3-0: Data bits that are sent from
Note 2.2 the PHY to the Ethernet MAC. See Note 2.2.
Carrier Sense CRS | 1 Carrier Sense: Indicates detection of carrier.
(PD)
Receive Data RX_DV | 1 Receive Data Valid: Indicates that recovered
Valid: (PD) and decoded data nibbles are being presented

by the PHY on RXD[3:0].

SMSC LAN9217
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Table 2.6 MIl Interface Signals

BUFFER NUM

NAME SYMBOL TYPE PINS DESCRIPTION
Management Data MDIO 1/108 1 Management Data 10: When SMI_SEL =1,
I0/External PHY (EXT_PHY_DET) (PD) this pin is the MIl SMI serial 10 bus pin.
Detect

External PHY Detect: This pin also functions
as a strap input, which can be used to indicate
the presence of an external PHY.

Note: See Section 5.3.9,
"HW_CFG—Hardware Configuration
Register" for more information on
SMI_SEL and EXT_PHY_DET

Management Data MDC 08 1 Management Data Clock: When SMI_SEL = 1,
Clock (PD) this pin is the MIl management data clock.
When SMI_SEL=0, this pin is driven low.
Note: See Section 5.3.9,
"HW_CFG—Hardware Configuration
Register" for more information on
SMI_SEL.

Note 2.2 Pins RXD[3:1] provide internal pull-down resistors to prevent these pins from floating when
unused. RXDO (pin 75) does not provide an internal pull-down resistor. This pin must be
pulled or driven to a valid state at all times.

Note 2.3 The external SMI port is selected when SMI_SEL = 1. When SMI_SEL = 0, MDIO is tri-
stated and MDC is driven low.

Revision 2.7 (03-15-10) SMSC LAN9217
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Table 2.7 100-TQFP Package Pin Assignments

PIN PIN PIN PIN
NUM PIN NAME NUM PIN NAME NUM PIN NAME NUM PIN NAME
1 GND_CORE 26 RX_CLK 51 D9 76 FIFO_SEL
2 VREG 27 GND_IO 52 D8 77 VSS_A

3 VDD_CORE 28 VvDD_IO 53 D7 78 TPO-

4 VSS_PLL 29 RX_DV 54 GND_IO 79 TPO+

5 XTAL2 30 MDIO 55 VDD_IO 80 VSS_A

6 XTAL1 31 MDC 56 D6 81 VDD_A

7 VDD_PLL 32 CRS 57 D5 82 TPI-

8 VDD_REF 33 COL 58 D4 83 TPI+

9 ATEST 34 GND_IO 59 D3 84 NC

10 RBIAS 35 VDD_IO 60 GND_IO 85 VDD_A

1 VSS_REF 36 TXD3 61 VDD_IO 86 VSS_A
12 A7 37 TXD2 62 D2 87 EXRES1
13 A6 38 TXD1 63 D1 88 VSS_A
14 A5 39 TXDO 64 DO 89 VDD_A
15 A4 40 TX_CLK 65 VDD_CORE 90 NC

16 A3 41 GND_IO 66 GND_CORE 91 NC

17 A2 42 VDD_IO 67 EEDIO 92 nRD

18 A1 43 D15 68 EECS 93 nWR

19 GND_IO 44 D14 69 EECLK 94 nCS

20 VvDD_IO 45 D13 70 PME 95 nRESET
21 TX_EN 46 D12 71 NC 96 GND_IO
22 RXD1 47 GND_IO 72 IRQ 97 VDD_IO
23 RXD2 48 VvDD_IO 73 AMDIX_EN 98 GPIOO/nLED1
24 RXD3 49 D11 74 SPEED_SEL 99 GPIO1/nLED2
25 RX_ER 50 D10 75 RXDO 100 GPIO2/nLED3

SMSC LAN9217 Revision 2.7 (03-15-10)
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2.2 Buffer Types

Table 2.8 Buffer Types

TYPE DESCRIPTION
| Input pin
IS Schmitt triggered Input
012 Output with 12mA sink and 12mA source
0oD12 Open-drain output with 12mA sink
oD8 Open-drain output with 8mA sink
08 Output 8mA symmetrical drive
PU 50uA (typical) internal pull-up
PD 50uA (typical) internal pull-down
Al Analog input
AO Analog output
AlO Analog bi-directional
ICLK Crystal oscillator input pin
OCLK Crystal oscillator output pin

Revision 2.7 (03-15-10)
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Chapter 3 Functional Description

3.1

SMSC LAN9217

10/100 Ethernet MAC

The Ethernet Media Access controller (MAC) incorporates the essential protocol requirements for
operating an Ethernet/IEEE 802.3-compliant node and provides an interface between the host
subsystem and the internal Ethernet PHY. The MAC can operate in either 100-Mbps or 10-Mbps mode.

The MAC operates in both half-duplex and full-duplex modes. When operating in half-duplex mode,
the MAC complies fully with Section 4 of ISO/IEC 8802-3 (ANSI/IEEE standard) and ANSI/IEEE 802.3
standards. When operating in full-duplex mode, the MAC complies with IEEE 802.3x full-duplex
operation standard.

The MAC provides programmable enhanced features designed to minimize host supervision, bus
utilization, and pre- or post-message processing. These features include the ability to disable retries
after a collision, dynamic FCS (Frame Check Sequence) generation on a frame-by-frame basis,
automatic pad field insertion and deletion to enforce minimum frame size attributes, and automatic
retransmission and detection of collision frames.

The MAC can sustain transmission or reception of minimally-sized back-to-back packets at full line
speed with an interpacket gap (IPG) of 9.6 microseconds for 10 Mbps and 0.96 microseconds for 100
Mbps.

The primary attributes of the MAC Function are:

= Transmit and receive message data encapsulation

= Framing (frame boundary delimitation, frame synchronization)

= Error detection (physical medium transmission errors)

= Media access management

= Medium allocation (collision detection, except in full-duplex operation)

= Contention resolution (collision handling, except in full-duplex operation)

= Flow control during full-duplex mode

= Decoding of control frames (PAUSE command) and disabling the transmitter

= Generation of control frames

= Interface to the internal PHYand optional external PHY.

The transmit and receive data paths are separate within the LAN9217 from the MAC to host interface
allowing the highest performance, especially in full duplex mode. Payload data as well as transmit and
receive status are passed on these busses.

A third internal bus is used to access the MAC’s “Control and Status Registers” (CSR’s). This bus is
also accessible from the host.

On the backend, the MAC interfaces with the 10/100 PHY through an MIl (Media Independent
Interface) port which is internal to the LAN9217. In addition, there is an external MIl interface
supporting optional PHY devices.The MAC CSR's also provide a mechanism for accessing the PHY’s
internal registers through the internal SMI (Serial Management Interface) bus.

The receive and transmit FIFOs allow increased packet buffer storage to the MAC. The FIFOs are a
conduit between the host interface and the MAC through which all transmitted and received data and
status information is passed. Deep FIFOs allow a high degree of latency tolerance relative to the
various transport and OS software stacks reducing and minimizing overrun conditions. Like the MAC,
the FIFOs have separate receive and transmit data paths.

The LAN9217 can store up to 250 Ethernet packets utilizing FIFOs, totaling 16K bytes, with a packet
granularity of 4 bytes. This memory is shared by the RX and TX blocks and is configurable in terms
of allocation. This depth of buffer storage minimizes or eliminates receive overruns.
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3.2.2

3.2.3
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Flow Control

The LAN9217 Ethernet MAC supports full-duplex flow control using the pause operation and control
frame. It also supports half-duplex flow control using back pressure.

Full-Duplex Flow Control

The pause operation inhibits data transmission of data frames for a specified period of time. A Pause
operation consists of a frame containing the globally assigned multicast address (01-80-C2-00-00-01),
the PAUSE opcode, and a parameter indicating the quantum of slot time (512 bit times) to inhibit data
transmissions. The PAUSE parameter may range from 0 to 65,535 slot times. The Ethernet MAC logic,
on receiving a frame with the reserved multicast address and PAUSE opcode, inhibits data frame
transmissions for the length of time indicated. If a Pause request is received while a transmission is
in progress, then the pause will take effect after the transmission is complete. Control frames are
received and processed by the MAC and are passed on.

The MAC also transmits control frames (pause command) via both hardware and software control. The
software driver requests the MAC to transmit a control frame and gives the value of the PAUSE time
to be used in the control frame. The MAC Function constructs a control frame with the appropriate
values set in all the different fields (as defined in the 802.3x specification) and transmits the frame to
the Ml interface. The transmission of the control frame is not affected by the current state of the Pause
timer value that is set because of a recently received control frame.

Half-Duplex Flow Control (Backpressure)

In half-duplex mode, back pressure is used for flow control. Whenever the receive buffer/FIFO
becomes full or crosses a certain threshold level, the MAC starts sending a Jam signal. The MAC
transmit logic enters a state at the end of current transmission (if any), where it waits for the beginning
of a received frame. Once a new frame starts, the MAC starts sending the jam signal, which will result
in a collision. After sensing the collision, the remote station will back off its transmission. The MAC
continues sending the jam to make other stations defer transmission. The MAC only generates this
collision-based back pressure when it receives a new frame, in order to avoid any late collisions.

Virtual Local Area Network (VLAN) Support

Virtual Local Area Networks or VLANSs, as defined within the IEEE 802.3 standard, provide network
administrators one means of grouping nodes within a larger network into broadcast domains. To
implement a VLAN, four extra bytes are added to the basic Ethernet packet. As shown in Figure 3.1,
"VLAN Frame", the four bytes are inserted after the Source Address Field and before the Type/Length
field. The first two bytes of the VLAN tag identify the tag, and by convention are set to the value
0x8100. The last two bytes identify the specific VLAN associated with the packet; they also provide a
priority field.

The LAN9217 supports VLAN-tagged packets. The LAN9217 provides two registers which are used to
identify VLAN-tagged packets. One register should normally be set to the conventional VLAN ID of
0x8100. The other register provides a way of identifying VLAN frames tagged with a proprietary (not
0x8100) identifier. If a packet arrives bearing either of these tags in the two bytes succeeding the
Source Address field, the controller will recognize the packet as a VLAN-tagged packet. In this case,
the controller increases the maximum allowed packet size from 1518 to 1522 bytes (normally the
controller filters packets larger than 1518 bytes). This allows the packet to be received, and then
processed by host software, or to be transmitted on the network.

SMSC LAN9217
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Ethernet frame
1518 bytes
Freamble SOF Dieat Addr. Source Addr. Type Crarta FCS
7 bytes 1 byte G bytes G bytes 2 bytes A6-1500 brytes 4 bytes
Ethermet frame
with WLAM TAG
1522 bytes
b
Freamble S0OF Drest Addr Source Addr. TFID Type Type Data FCS
T bytes 1 byts G bytes & bytes 2 bytes 2 bytes 2 bytes AG-1500 bytes 4 bytes
Tag Contral Information
{TiCH)
TFID Usar =Tl WLAN 1D
2 bytes Priority (3} A 12y

L Indicates frama's priority

Canomical Address Farmat Indicator

Teg Protecol D w=E1 -00

WD 12 bits defining the WLAM
to which the frame bealangs

Figure 3.1 VLAN Frame

Address Filtering Functional Description

The Ethernet address fields of an Ethernet Packet, consists of two 6-byte fields: one for the destination
address and one for the source address. The first bit of the destination address signifies whether it is
a physical address or a multicast address.

The LAN9217 address check logic filters the frame based on the Ethernet receive filter mode that has
been enabled. Filter modes are specified based on the state of the control bits in Table 3.1, "Address
Filtering Modes", which shows the various filtering modes used by the Ethernet MAC Function. These
bits are defined in more detail in the “MAC Control Register’. Please refer to Section 5.4.1,
"MAC_CR—MAC Control Register" for more information on this register.

If the frame fails the filter, the Ethernet MAC function does not receive the packet. The host has the
option of accepting or ignoring the packet.

Table 3.1 Address Filtering Modes

MCPAS PRMS INVFILT HO HPFILT DESCRIPTION
0 0 0 0 0 MAC address perfect filtering only
for all addresses.
0 0 0 0 1 MAC address perfect filtering for
physical address and hash filtering
for multicast addresses

SMSC LAN9217
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Table 3.1 Address Filtering Modes (continued)

MCPAS PRMS INVFILT HO HPFILT DESCRIPTION

0 0 0 1 1 Hash Filtering for physical and

multicast addresses
0 1 Inverse Filtering

X 1 0 X X Promiscuous

1 0 0 0 X Pass all multicast frames. Frames
with physical addresses are
perfect-filtered

1 0 0 1 1 Pass all multicast frames. Frames
with physical addresses are hash-
filtered

3.4

3.41

3.4.2

3.4.2.1

3.4.2.2

Revision 2.7 (03-15-10)

Filtering Modes

Perfect Filtering

This filtering mode passes only incoming frames whose destination address field exactly matches the
value programmed into the MAC Address High register and the MAC address low register. The MAC
address is formed by the concatenation of the above two registers in the MAC CSR Function.

Hash Only Filtering

This type of filtering checks for incoming Receive packets with either multicast or physical destination
addresses, and executes an imperfect address filtering against the hash table.

During imperfect hash filtering, the destination address in the incoming frame is passed through the
CRC logic and the upper six bits of the CRC register are used to index the contents of the hash table.
The hash table is formed by merging the register’s multicast hash table high and multicast hash table
low in the MAC CSR Function to form a 64-bit hash table. The most significant bit determines the
register to be used (High/Low), while the other five bits determine the bit within the register. A value
of 00000 selects Bit 0 of the multicast hash table low register and a value of 11111 selects Bit 31 of
the multicast hash table high register.

Hash Perfect Filtering

In hash perfect filtering, if the received frame is a physical address, the LAN9217 Packet Filter block
perfect-filters the incoming frame’s destination field with the value programmed into the MAC Address
High register and the MAC Address Low register. If the incoming frame is a multicast frame, however,
the LAN9217 packet filter function performs an imperfect address filtering against the hash table.

The imperfect filtering against the hash table is the same imperfect filtering process described in the
“Hash Only Filtering” section above.

Inverse Filtering

In inverse filtering, the Packet Filter Block accepts incoming frames with a destination address not
matching the perfect address (i.e., the value programmed into the MAC Address High register and the
MAC Address Low register in the CRC block and rejects frames with destination addresses matching
the perfect address).

For all filtering modes, when the MCPAS bit is set, all multicast frames are accepted. When the PRMS
bit is set, all frames are accepted regardless of their destination address. This includes all broadcast
frames as well.

SMSC LAN9217
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Wake-up Frame Detection

Setting the Wake-Up Frame Enable bit (WUEN) in the “WUCSR—Wake-up Control and Status
Register”, places the LAN9217 MAC in the wake-up frame detection mode. In this mode, normal data
reception is disabled, and detection logic within the MAC examines receive data for the pre-
programmed wake-up frame patterns. The LAN9217 can be programmed to notify the host of the
wake-up frame detection with the assertion of the host interrupt (IRQ) or assertion of the power
management event signal (PME). Upon detection, the Wake-Up Frame Received bit (WUFR) in the
WUCSR is set. When the host clears the WUEN bit the LAN9217 will resume normal receive operation.

Before putting the MAC into the wake-up frame detection state, the host must provide the detection
logic with a list of sample frames and their corresponding byte masks. This information is written into
the Wake-up Frame Filter register (WUFF). Please refer to Section 5.4.11, "WUFF—Wake-up Frame
Filter," on page 108 for additional information on this register.

The MAC supports four programmable filters that support many different receive packet patterns. If
remote wake-up mode is enabled, the remote wake-up function receives all frames addressed to the
MAC. It then checks each frame against the enabled filter and recognizes the frame as a remote wake-
up frame if it passes the wakeup frame filter register’s address filtering and CRC value match.

In order to determine which bytes of the frames should be checked by the CRC module, the MAC 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 address filtering Function, the pattern offset is always greater
than 12.

The byte mask is a 31-bit field that specifies whether or not each of the 31 contiguous bytes within
the frame, beginning in the pattern offset, should be checked. If bit j in the byte mask is set, the
detection logic checks byte offset +j in the frame. In order to load the Wake-up Frame Filter register,
the host LAN driver software must perform eight writes to the Wake-up Frame Filter register (WUFF).
The Diagram shown in Table 3.2, "Wake-Up Frame Filter Register Structure" below, shows the wake-
up frame filter register’s structure.

Note 3.1  Wake-up frame detection can be performed when the LAN9217 is in the DO or D1 power
states. In the DO state, wake-up frame detection is enabled when the WUEN bit is set.

Note 3.2 Wake-up frame detection, as well as Magic Packet detection, is always enabled and
cannot be disabled when the device enters the D1 state.

Note 3.3 When wake-up frame detection is enabled via the WUEN bit of the WUCSR—Wake-up
Control and Status Register, a broadcast wake-up frame will wake-up the device despite
the state of the Disable Broadcast Frame (BCAST) bit in the MAC_CR—MAC Control
Register.
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Table 3.2 Wake-Up Frame Filter Register Structure

Filter 0 Byte Mask

Filter 1 Byte Mask

Filter 2 Byte Mask

Filter 3 Byte Mask

Reserved Filter 3 Reserved Filter 2 Reserved Filter 1 Reserved Filter O
Command Command Command Command
Filter 3 Offset Filter 2 Offset Filter 10ffset Filter 0 Offset
Filter 1 CRC-16 Filter 0 CRC-16
Filter 3 CRC-16 Filter 2 CRC-16

The Filter i Byte Mask defines which incoming frame bytes Filter i will examine to determine whether
or not this is a wake-up frame. Table 3.3, describes the byte mask’s bit fields.

Table 3.3 Filter i Byte Mask Bit Definitions

FILTER | BYTE MASK DESCRIPTION

FIELD DESCRIPTION

31 Must be zero (0)

30:0 Byte Mask: If bit j of the byte mask is set, the CRC machine processes byte number pattern - (offset
+ j) of the incoming frame. Otherwise, byte pattern - (offset + j) is ignored.

The Filter i command register controls Filter i operation. Table 3.4 shows the Filter | command register.

Table 3.4 Filter i Command Bit Definitions

FILTER i COMMANDS

FIELD DESCRIPTION

3 Address Type: Defines the destination address type of the pattern. When bit is set, the pattern
gﬁ@“(tac? multicast frames. When bit is cleared, the pattern applies only to unicast frames.

2:1 RESERVED

0 Enable Filter: When bit is set, Filter i is enabled, otherwise, Filter i is disabled.

The Filter i Offset register defines the offset in the frame’s destination address field from which the
frames are examined by Filter i. Table 3.5 describes the Filter i Offset bit fields.

Revision 2.7 (03-15-10) SMSC LAN9217
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Table 3.5 Filter i Offset Bit Definitions
FILTER | OFFSET DESCRIPTION
FIELD DESCRIPTION
7:0 Pattern Offset: The offset of the first byte in the frame on which CRC is checked for wake-up frame
recognition. The minimum value of this field must be 12 since there should be no CRC check for
the destination address and the source address fields. The MAC checks the first offset byte of the
frame for CRC and checks to determine whether the frame is a wake-up frame. Offset O is the first
byte of the incoming frame's destination address.
The Filter i CRC-16 register contains the CRC-16 result of the frame that should pass Filter i.
Table 3.6 describes the Filter i CRC-16 bit fields.
Table 3.6 Filter i CRC-16 Bit Definitions
FILTER | CRC-16 DESCRIPTION
FIELD DESCRIPTION
15:0 Pattern CRC-16: This field contains the 16-bit CRC value from the pattern and the byte mask
programmed to the wake-up filter register Function. This value is compared against the CRC
calculated on the incoming frame, and a match indicates the reception of a wakeup frame.
3.5.1 Magic Packet Detection

SMSC LAN9217

Setting the Magic Packet Enable bit (MPEN) in the “WUCSR—Wake-up Control and Status Register”,
places the LAN9217 MAC in the “Magic Packet” detection mode. In this mode, normal data reception
is disabled, and detection logic within the MAC examines receive data for a Magic Packet. The
LAN9217 can be programmed to notify the host of the “Magic Packet” detection with the assertion of
the host interrupt (IRQ) or assertion of the power management event signal (PME). Upon detection,
the Magic Packet Received bit (MPR) in the WUCSR is set. When the host clears the MPEN bit the
LAN9217 will resume normal receive operation. Please refer to Section 5.4.12, "WUCSR—Wake-up
Control and Status Register," on page 108 for additional information on this register

In Magic Packet mode, the Power Management Logic constantly monitors each frame addressed to
the node for a specific Magic Packet pattern. It checks only packets with the MAC’s address or a
broadcast address to meet the Magic Packet requirement. The Power Management Logic checks each
received frame for the pattern 48h FF_FF_FF_FF_FF_FF after the destination and source address
field.

Then the Function looks in the frame for 16 repetitions of the MAC address without any breaks or
interruptions. In case of a break in the 16 address repetitions, the PMT Function scans for the
48'hFF_FF_FF_FF_FF_FF pattern again in the incoming frame.

The 16 repetitions may be anywhere in the frame but must be preceded by the synchronization stream.
The device will also accept a multicast frame, as long as it detects the 16 duplications of the MAC
address. If the MAC address of a node is 00h 11h 22h 33h 44h 55h, then the MAC scans for the
following data sequence in an Ethernet: Frame.
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3.6.1

3.6.2

3.6.3

3.6.4
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Destination Address Source Address ............... FF FF FF FF FF FF

00 11 22 33 44 55 00 11 22 33 44 55 00 11 22 33 44 55 00 11 22 33 44 55
00 11 22 33 44 55 00 11 22 33 44 55 00 11 22 33 44 55 00 11 22 33 44 55
00 11 22 33 44 55 00 11 22 33 44 55 00 11 22 33 44 55 00 11 22 33 44 55
00 11 22 33 44 55 00 11 22 33 44 55 00 11 22 33 44 55 00 11 22 33 44 55
...CRC

It should be noted that Magic Packet detection can be performed when LAN9217 is in the DO or D1
power states. In the DO state, “Magic Packet” detection is enabled when the MPEN bit is set. In the
D1 state, Magic Packet detection, as well as wake-up frame detection, are automatically enabled when
the device enters the D1 state.

Host Bus Operations

Bus Writes

The host processor is required to perform two contiguous 16-bit writes to complete a single DWORD
transfer. This DWORD must begin and end on a DWORD address boundary (A[2] and higher, cannot
change during a sixteen bit write). No ordering requirements exist. The processor can access either
the low or high word first, as long as the next write is performed to the other word. If a write to the
same word is performed, the LAN9217 disregards the transfer.

Bus Reads

The host processor is required to perform two consecutive 16-bit reads to complete a single DWORD
transfer. This DWORD must begin and end on a DWORD address boundary (A[2] and higher, cannot
change during a sixteen bit read). No ordering requirements exist. The processor can access either
the low or high word first, as long as the next read is performed from the other word. If a read to the
same word is performed, the data read is invalid and should be re-read. This is not a fatal error. The
LAN9217 will reset its read counters and restart a new cycle on the next read.

Big and Little Endian Support

The LAN9217 supports “Big-" or “Little-Endian” processors with either 16 or 32-bit busses. To support
big-endian processors, the hardware designer must explicitly invert the layout of the byte lanes.

Word Swap Function

Internally the LAN9217 is 32-bits wide. The LAN9217 supports a Word Swap Function. This feature is
controlled by the Word Swap Register, which is described in Section 5.3.17, "WORD_SWAP—Word
Swap Control," on page 90. This register affects how words on the data bus are written to or read from
the Control and Status Registers and the Transmit and Receive Data/Status FIFOs. Refer to Table 3.7,
"Word Swap Control(16-bit mode only)" below for more details. Whenever the LAN9217 transmits data
from the Transmit Data FIFO to the network, the low order word is always transmitted first, and when
the LAN9217 receives data from the network to the Receive Data FIFO, the low-order word is always
received first.

SMSC LAN9217
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Table 3.7 Word Swap Control(16-bit mode only)
ADDRESS BYTE ORDER
A1 PIN D[15:8] D[7:0] DESCRIPTION

Default Mode - Word Swap Register equal to 0x00000000

or any value other than 0xFFFFFFFF

A1=0 Byte 1 Byte 0 When A1=0, the data bus is mapped to the low
order words of CSRs and FIFOs. When A1=1, the
Al =1 Byte 3 Byte 2 data bus is mapped to the high-order words of

CSRs and FIFOs. Since low-order words are
always transmitted/received first, A1=0 data will
always precede A1=1 data.

Word Swap Mode - Word Swap Register

equal to OxFFFFFFFF

A1=0 Byte 3 Byte 2 When A1=0, the data bus is mapped to the high
order words of CSRs and FIFOs. When A1=1, the
Al =1 Byte 1 Byte 0 data bus is mapped to the low order words of CSRs

and FIFOs. In this case A1=1 data will always
precede A1=0 data.

3.7

3.8

3.8.1

SMSC LAN9217

General Purpose Timer (GP Timer)

The General Purpose Timer is a programmable block that can be used to generate periodic host
interrupts. The resolution of this timer is 100uS.

The GP Timer loads the GPT_CNT Register with the value in the GPT_LOAD field and begins counting
down when the TIMER_EN bit is set to a ‘1.” On a reset, or when the TIMER_EN bit changes from
set ‘1’ to cleared ‘0,” the GPT_LOAD field is initialized to FFFFh. The GPT_CNT register is also
initialized to FFFFh on a reset. Software can write the pre-load value into the GPT_LOAD field at any
time; e.g., before or after the TIMER_EN bit is asserted. The GPT Enable bit TIMER_EN is located in
the GPT_CFG register.

Once enabled, the GPT counts down either until it reaches 0000h or until a new pre-load value is
written to the GPT_LOAD field. At 0000h, the counter wraps around to FFFFh, asserts the GPT
interrupt status bit and the IRQ signal if the GPT_INT_EN bit is set, and continues counting. The GPT
interrupt status bit is in the INT_STS Register. The GPT_INT hardware interrupt can only be set if the
GPT_INT_EN bit is set. GPT_INT is a sticky bit (R/WC); i.e., once the GPT_INT bit is set, it can only
be cleared by writing a ‘1’ to the bit.

EEPROM Interface

The LAN9217 can optionally load its MAC address from an external serial EEPROM. If a properly
configured EEPROM is detected by the LAN9217 at power-up, hard reset or soft reset, the ADDRH
and ADDRL registers will be loaded with the contents of the EEPROM. If a properly configured
EEPROM is not detected, it is the responsibility of the host LAN Driver to set the IEEE addresses.

The LAN9217 EEPROM controller also allows the host system to read, write and erase the contents
of the Serial EEPROM. The EEPROM controller supports most “93C46” type EEPROMSs configured for
128 x 8-bit operation.

MAC Address Auto-Load

On power-up, hard reset or soft reset, the EEPROM controller attempts to read the first byte of data
from the EEPROM (address 00h). If the value A5h is read from the first address, then the EEPROM
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controller will assume that an external Serial EEPROM is present. The EEPROM controller will then
access the next EEPROM byte and send it to the MAC Address register byte 0 (ADDRL[7:0]). This
process will be repeated for the next five bytes of the MAC Address, thus fully programming the 48-
bit MAC address. Once all six bytes have been programmed, the “MAC Address Loaded” bit is set in
the E2P_CMD register. A detailed explanation of the EEPROM byte ordering with respect to the MAC
address is given in Section 5.4.3, "ADDRL—MAC Address Low Register," on page 103.

If an 0xA5h is not read from the first address, the EEPROM controller will end initialization. It is then
the responsibility of the host LAN driver software to set the IEEE address by writing to the MAC’s
ADDRH and ADDRL registers.

The host can initiate a reload of the MAC address from the EEPROM by issuing the RELOAD
command via the E2P command (E2P_CMD) register. If the first byte read from the EEPROM is not
Abh, it is assumed that the EEPROM is not present, or not programmed, and the MAC address reload
will fail. The “MAC Address Loaded” bit indicates a successful reload of the MAC address.

EEPROM Host Operations

After the EEPROM controller has finished reading (or attempting to read) the MAC after power-on, hard
reset or soft reset, the host is free to perform other EEPROM operations. EEPROM operations are
performed using the E2P_CMD and E2P data (E2P_DATA) registers. Section 5.3.23, "E2P_CMD —
EEPROM Command Register," on page 95 provides an explanation of the supported EEPROM
operations.

If the EEPROM operation is the “write location” (WRITE) or “write all” (WRAL) commands, the host
must first write the desired data into the E2P_DATA register. The host must then issue the WRITE or
WRAL command using the E2P_CMD register by setting the EPC_CMD field appropriately. If the
operation is a WRITE, the EPC_ADDR field in E2P_CMD must also be set to the desired location. The
command is executed when the host sets the EPC_BSY bit high. The completion of the operation is
indicated when the EPC_BSY bit is cleared.

If the EEPROM operation is the “read location” (READ) operation, the host must issue the READ
command using the E2P_CMD with the EPC_ADDR set to the desired location. The command is
executed when the host sets the EPC_BSY bit high. The completion of the operation is indicated when
the EPC_BSY bit is cleared, at which time the data from the EEPROM may be read from the
E2P_DATA register.

Other EEPROM operations are performed by writing the appropriate command to the EPC_CMD
register. The command is executed when the host sets the EPC_BSY bit high. The completion of the
operation is indicated when the EPC_BSY bit is cleared. In all cases the host must wait for EPC_BSY
to clear before modifying the E2P_CMD register.

Note: The EEPROM device powers-up in the erase/write disabled state. To modify the contents of
the EEPROM the host must first issue the EWEN command.

If an operation is attempted, and an EEPROM device does not respond within 30mS, the LAN9217
will timeout, and the EPC timeout bit (EPC_TO) in the E2P_CMD register will be set.

Figure 3.2, "EEPROM Access Flow Diagram" illustrates the host accesses required to perform an
EEPROM Read or Write operation.

SMSC LAN9217
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Figure 3.2 EEPROM Access Flow Diagram

The host can disable the EEPROM interface through the GPIO_CFG register. When the interface is
disabled, the EEDIO and ECLK signals can be used as general-purpose outputs, or they may be used
to monitor internal MIl signals.

Supported EEPROM Operations

The EEPROM controller supports the following EEPROM operations under host control via the
E2P_CMD register. The operations are commonly supported by “93C46” EEPROM devices. A
description and functional timing diagram is provided below for each operation. Please refer to the
E2P_CMD register description in Section 5.3.23, "E2P_CMD — EEPROM Command Register," on
page 95 for E2P_CMD field settings for each command.
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ERASE (Erase Location): If erase/write operations are enabled in the EEPROM, this command will
erase the location selected by the EPC Address field (EPC_ADDR). The EPC_TO bit is set if the
EEPROM does not respond within 30ms.

Ay B
EECS | // IJZ—, // -

o LU/
EEDIO (OUTPUT) - - — | 1 1 1| s | //| A0 |_//______/ ________

EEDIO (INPUT) f

Figure 3.3 EEPROM ERASE Cycle

ERAL (Erase All): If erase/write operations are enabled in the EEPROM, this command will initiate a
bulk erase of the entire EEPROM.The EPC_TO bit is set if the EEPROM does not respond within

30ms.

gecs | 7/ UL, 7/ |
y—

NI
EEDIO(OUTPUT)----w 0 H// r//-----./ ________
2 ) R

EECLK

B0 (NPT KIS

Figure 3.4 EEPROM ERAL Cycle
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EWDS (Erase/Write Disable): After issued, the EEPROM will ignore erase and write commands. To
re-enable erase/write operations issue the EWEN command.

tCSL ‘

EECS | //” UL,_

EEDIO (OUTPUT) — — - - | 0 0 0 0 // r///_ -

X4
I AAANAANAANANANANANANANANAANAANAAAAAAAAAANAAN/
»2020202020202020202020202020202020202020202020202

EEDIO (INPUT)

Figure 3.5 EEPROM EWDS Cycle

EWEN (Erase/Write Enable): Enables the EEPROM for erase and write operations. The EEPROM
will allow erase and write operations until the “Erase/Write Disable” command is sent, or until power
is cycled.

Note: The EEPROM device will power-up in the erase/write-disabled state. Any erase or write
operations will fail until an Erase/Write Enable command is issued.

tCSL ‘

EECS | //” L/U

EECLK | | | | | | | | | | | 7/| | | /{
EEDIO (OUTPUT) — — — I 1 | 0 0 | 1 1 | // F//‘ -
77

EEDIO (INPUT) fX3

Figure 3.6 EEPROM EWEN Cycle
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READ (Read Location): This command will cause a read of the EEPROM location pointed to by EPC
Address (EPC_ADDR). The result of the read is available in the E2P_DATA register.

Figure 3.7 EEPROM READ Cycle

WRITE (Write Location): If erase/write operations are enabled in the EEPROM, this command will
cause the contents of the E2P_DATA register to be written to the EEPROM location selected by the

EPC Address field (EPC_ADDR). The EPC_TO bit is set if the EEPROM does not respond within
30ms.

eecs | 7/ 7/ |_/ /—|_
EECLK Mﬂﬂw_// /

EEDIO (OUTPUT) — — — = 1 | 0 | 1 | AGI

EEDIO (INPUT)

Figure 3.8 EEPROM WRITE Cycle

WRAL (Write All): If erase/write operations are enabled in the EEPROM, this command will cause the

contents of the E2P_DATA register to be written to every EEPROM memory location. The EPC_TO bit
is set if the EEPROM does not respond within 30ms.

t

csL

/L /L
EEcs | // // m/—l_
cox LM A NUIATL L )
U 7
EEDIO (OUTPUT) - — — - 4 0 0 0 1 // [ o7 | //| DO |_//_ —— _/[ ________
77 17
I O It e e It e e N e e e I M N 2%

Figure 3.9 EEPROM WRAL Cycle

EEDIO (INPUT)
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Table 3.8, "Required EECLK Cycles", shown below, shows the number of EECLK cycles required for
each EEPROM operation.
Table 3.8 Required EECLK Cycles
OPERATION REQUIRED EECLK CYCLES
ERASE 10
ERAL 10
EWDS 10
EWEN 10
READ 18
WRITE 18
WRAL 18
3.8.2.2 MAC Address Reload
The MAC address can be reloaded from the EEPROM via a host command to the E2P_CMD register.
If a value of 0xA5h is not found in the first address of the EEPROM, the EEPROM is assumed to be
un-programmed and MAC Address Reload operation will fail. The “MAC Address Loaded” bit indicates
a successful load of the MAC address. The EPC_LOAD bit is set after a successful reload of the MAC
address.
3.8.2.3 EEPROM Command and Data Registers
Refer to Section 5.3.23, "E2P_CMD — EEPROM Command Register," on page 95 and Section 5.3.24,
"E2P_DATA — EEPROM Data Register," on page 97 for a detailed description of these registers.
Supported EEPROM operations are described in these sections.
3.8.24 EEPROM Timing
Refer to Section 6.9, "EEPROM Timing," on page 129 for detailed EEPROM timing specifications.
3.9 Power Management
The LAN9217 supports power-down modes to allow applications to minimize power consumption. The
following sections describe these modes.
3.91 System Description
Power is reduced to various modules by disabling the clocks as outlined in Table 3.9, “Power
Management States,” on page 39. All configuration data is saved when in either of the two low power
states. Register contents are not affected unless specifically indicated in the register description.
3.9.2 Functional Description

SMSC LAN9217

There is one normal operating power state, DO and there are two power saving states: D1, and D2.
Upon entry into either of the two power saving states, only the PMT_CTRL register is accessible for
read operations. In either of the power saving states the READY bit in the PMT_CTRL register will be
cleared. Reads of any other addresses are forbidden until the READY bit is set. All writes, with the
exception of the wakeup write to BYTE_TEST, are also forbidden until the READY bit is set. Only when
in the DO (Normal) state, when the READY bit is set, can the rest of the device be accessed.
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3.9.21

3.9.2.2

Revision 2.7 (03-15-10)

Note 3.4 The LAN9217 must always be read at least once after power-up, reset, or upon return from
a power-saving state, otherwise write operations will not function.

In system configurations where the PME signal is shared amongst multiple devices, the WUPS field
within the PMT_CTRL register can be read to determine which LAN9217 device is driving the PME
signal.

When the LAN9217 is in a power saving state (D1 or D2), a write cycle to the BYTE_TEST register
will return the LAN9217 to the DO state. Table 7.2, “Power Consumption Device and System
Components,” on page 132 and Table 7.2, “Power Consumption Device and System Components,” on
page 132, shows the power consumption values for each power state.

Note 3.5 When the LAN9217 is in a power saving state, a write of any data to the BYTE_TEST
register will wake-up the device. DO NOT PERFORM WRITES TO OTHER
ADDRRESSES while the READY bit in the PMT_CTRL register is cleared.

D1 Sleep

Power consumption is reduced in this state by disabling clocks to portions of the internal logic as
shown in Table 3.9. In this mode the clock to the internal PHY and portions of the MAC are still
operational. This state is entered when the host writes a '01' to the PM_MODE bits in the Power
Management (PMT_CTRL) register. The READY bit in PMT_CTRL is cleared when entering the D1
state.

Wake-up frame and Magic Packet detection are automatically enabled in the D1 state. If properly
enabled via the WOL_EN and PME_EN bits, the LAN9217 will assert the PME hardware signal upon
the detection of the wake-up frame or magic packet. The LAN9217 can also assert the host interrupt
(IRQ) on detection of a wake-up frame or magic packet. Upon detection, the WUPS field in PMT_CTRL
will be set to a 10b.

Note 3.6 The PME interrupt status bit (PME_INT) in the INT_STS register is set regardless of the
setting of PME_EN.

Note 3.7 Wake-up frame and Magic Packet detection is automatically enabled when entering the D1
state. For wake-up frame detection, the wake-up frame filter must be programmed before
entering the D1 state (see Section 3.5, "Wake-up Frame Detection," on page 27). If used,
the host interrupt and PME signal must be enabled prior to entering the D1 state.

A write to the BYTE_TEST register, regardless of whether a wake-up frame or Magic Packet was
detected, will return LAN9217 to the DO state and will reset the PM_MODE field to the DO state. As
noted above, the host is required to check the READY bit and verify that it is set before attempting
any other reads or writes of the device.

Note 3.8 The host must only perform read accesses prior to the ready bit being set.

Once the READY bit is set, the LAN9217 is ready to resume normal operation. At this time the WUPS
field can be cleared.

D2 Sleep

In this state, as shown in Table 3.9, all clocks to the MAC and host bus are disabled and the PHY is
placed in a reduced power state. To enter this state, the EDPWRDOWN bit in register 17 of the PHY
(Mode Control/Status register) must be set. This places the PHY in the Energy Detect mode. The
PM_MODE bits in the PMT_CTRL register must then be set to 10b. Upon setting the PM_MODE bits,
the LAN9217 will enter the D2 sleep state. The READY bit in PMT_CTRL is cleared when entering the
D2 state.

Note 3.9 If carrier is present when this state is entered detection will occur immediately.

If properly enabled via the ED_EN and PME_EN bits, the LAN9217 will assert the PME hardware
signal upon detection of a valid carrier. Upon detection, the WUPS field in PMT_CTRL will be set to
a 01b.

SMSC LAN9217
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Note 3.10 The PME interrupt status bit on the INT_STS register (PME_INT) is set regardless of the
setting of PME_EN.

A write to the BYTE_TEST register, regardless of whether a carrier was detected, will return the
LAN9217 to the DO state and will reset the PM_MODE field to the DO state. As noted above, the host
is required to check the READY bit and verify that it is set before attempting any other reads or writes
of the device. Before the LAN9217 is fully awake from this state the EDPWRDOWN bit in register 17
of the PHY must be cleared in order to wake the PHY. Do not attempt to clear the EDPWRDOWN bit
until the READY bit is set. After clearing the EDPWRDOWN bit the LAN9217 is ready to resume
normal operation. At this time the WUPS field can be cleared.

Table 3.9 Power Management States

Device DO D1 D2
BLOCK (NORMAL OPERATION) (WOL) (ENERGY DETECT)

PHY Energy Detect Power-Down

MAC Power RX Power Mgmt. Block
Management On

MAC and Host
Interface

Internal Clock

KEY

BLOCK DISABLED — CLOCK ON

SMSC LAN9217 Revision 2.7 (03-15-10)

39
DATASHEET



16-bit High-Performance Single-Chip 10/100 Ethernet Controller with HP Auto-MDIX Support

» SmSC® Datasheet

3.9.23

WUFR

phy_int [}

Power Management Event Indicators

Figure 3.10 is a simplified block diagram of the logic that controls the external PME, and internal
pme_interrupt signals. The pme_interrupt signal is used to set the PME_INT status bit in the INT_STS
register, which, if enabled, will generate a host interrupt upon detection of a power management event.
The PME_INT status bit in INT_STS will remain set until the internal pme_interrupt signal is cleared
by clearing the WUPS bits, or by clearing the corresponding WOL_EN or ED_EN bit. After clearing the
internal pme_interrupt signal, the PME_INT status bit may be cleared by writing a ‘1’ to this bit in the
INT_STS register. It should be noted that the LAN9217 can generate a host interrupt regardless of the
state of the PME_EN bit, or the external PME signal.

The external PME signal can be setup for pulsed, or static operation. When the PME_IND bit in the
PMT_CTRL register is set to a ‘1’, the external PME signal will be driven active for 50ms upon
detection of a wake-up event. When the PME_IND bit is cleared, the PME signal will be driven
continuously upon detection of a wake-up event. The PME signal is deactivated by clearing the WUPS
bits, or by clearing the corresponding WOL_EN or ED_EN bit. The PME signal can also be deactivated
by clearing the PME_EN bit.

Other System
Interrupts

PME_INT

® Denotes a level-triggered "sticky" status bit

IRQ

PME_INT_EN

3.9.3

3.9.3.1
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PME_TYPE [}

PME_EN [} /f F > pue
LOGIC
PME_IND [}

PME_POL [}

Figure 3.10 PME and PME_INT Signal Generation
Internal PHY Power-Down Modes

There are 2 power-down modes for the internal PHY:

General Power-Down

This power-down is controlled by register 0, bit 11. In this mode the internal PHY, except the
management interface, is powered-down and stays in that condition as long as Phy register bit 0.11 is
HIGH. When bit 0.11 is cleared, the PHY powers up and is automatically reset. Please refer to Section
5.5.1, "Basic Control Register," on page 110 for additional information on this register.

SMSC LAN9217
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3.9.3.2 Energy Detect Power-Down
This power-down mode is activated by setting the Phy register bit 17.13 to 1. Please refer to Section
5.5.8, "Mode Control/Status," on page 114 for additional information on this register. In this mode when
no energy is present on the line, the PHY is powered down, with the exception of the management
interface, the SQUELCH circuit and the ENERGYON logic. The ENERGYON logic is used to detect
the presence of valid energy from 100Base-TX, 10Base-T, or Auto-negotiation signals
In this mode, when the ENERGYON signal is low, the PHY is powered-down, and nothing is
transmitted. When energy is received - link pulses or packets - the ENERGYON signal goes high, and
the PHY powers-up. It automatically resets itself into the state it had prior to power-down, and asserts
the INT7.1 bit of the register defined in Section 5.5.11, "Interrupt Source Flag," on page 117. If the
ENERGYON interrupt is enabled, this event will cause an interrupt to the host. The first and possibly
the second packet to activate ENERGYON may be lost. When 17.13 is low, energy detect power-down
is disabled.
3.10 Detailed Reset Description
The LAN9217 has five reset sources:
= Power-On Reset (POR)
= Hardware Reset Input Pin (nRESET)
= Soft Reset (SRST)
= PHY Soft Reset via PMT_CTRL bit 10 (PHY_RST)
= PHY Soft Reset via PHY Basic Control Register (PHY REG 0.15)
Table 3.10 shows the effect of the various reset sources on the LAN9217's circuitry.
Table 3.10 Reset Sources and Affected Circuitry
EEPROM MAC
HBI NASR ADDR. CONFIG.
RESET Note | REGISTERS PHY RELOAD STRAPS
SOURCE PLL | 3.13 Note 3.13 MIL MAC | Note 3.11 Note 3.12 LATCHED
POR X X X X X X X X
nRESET X X X X X X X X
SRST X X X X
PHY_RST X
PHY REG 0.15 X

SMSC LAN9217

Note 3.11 After any PHY reset, the application must wait until the “Link Status” bit in the PHY’s “Basic
Status Register” (PHY Reg. 1.2) is set before attempting to transmit or receive data.

Note 3.12 After a POR, nRESET or SRST, the LAN9217 will automatically check for the presence
of an external EEPROM. After any of these resets the application must verify that the EPC
Busy Bit (E2P_CMD, bit 31) is cleared before attempting to access the EEPROM, or
change the function of the GPO/GPIO signals, or before modifying the ADDRH or ADDRL
registers in the MAC.

Note 3.13 HBI - “Host Bus Interface”, NASR - Not affected by software reset.
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3.10.1 Power-On Reset (POR)

A Power-On reset occurs whenever power is initially applied to the LAN9217, or if power is removed
and reapplied to the LAN9217. A timer within the LAN9217 will assert the internal reset for
approximately 22ms. The READY bit in the PMT_CTRL register can be read from the host interface
and will read back a ‘0’ until the POR is complete. Upon completion of the POR, the READY bit in
PMT_CTRL is set high, and the LAN9217 can be configured via its control registers.

APPLICATION NOTE: Under normal conditions, the READY bit in PMT_CTRL will be set (high -"1”) after an internal
reset (22ms). If the software driver polls this bit and it is not set within 100ms, then an error
condition occurred.

3.10.2 Hardware Reset Input (hnRESET)

A hardware reset will occur when the nRESET input signal is driven low. The READY bit in the
PMT_CTRL register can be read from the host interface, and will read back a ‘0’ until the hardware
reset is complete. Upon completion of the hardware reset, the READY bit in PMT_CTRL is set high.

After the “READY” bit is set, the LAN9217 can be configured via its control registers. The nRESET
signal is pulled-high internally by the LAN9217 and can be left unconnected if unused. If used,
nRESET must be driven low for a minimum period as defined in Section 6.8, "Reset Timing," on
page 128.

APPLICATION NOTE: Under normal conditions, the READY bit in PMT_CTRL will be set (high -"1”) immediately. If
the software driver polls this bit and it is not set within 100ms, then an error condition
occurred.

3.10.3 Resume Reset Timing

After issuing a write to the BYTE_TEST register to wake the LAN9217 from a power-down state, the
READY bit in PMT_CTRL will assert (set High) within 2ms.

APPLICATION NOTE: Under normal conditions, the READY bit in PMT_CTRL will be set (high -"1”) within 2 ms. If
the software driver polls this bit and it is not set within 100ms, then an error condition
occurred.

310.4  Soft Reset (SRST)

Soft reset is initiated by writing a ‘1’ to bit 0 of the HW_CFG register (SRST). This self-clearing bit will
return to ‘O’ after approximately 2 ps, at which time the Soft Reset is complete. Soft reset does not
clear control register bits marked as NASR.

APPLICATION NOTE: Under normal conditions, the READY bit in PMT_CTRL will be set (high -"1”) immediately,
(within 2us). If the software driver polls this bit and it is not set within 100ms, then an error
condition occurred.

3.10.5 PHY Reset Timing

The following sections specify the operation and time required for the internal PHY to become
operational after various resets or when returning from the reduced power state.

3.10.5.1 PHY Soft Reset via PMT_CTRL bit 10 (PHY_RST)

The PHY soft reset is initiated by writing a ‘1’ to bit 10 of the PMT_CTRL register (PHY_RST). This
self-clearing bit will return to ‘0’ after approximately 100 us, at which time the PHY reset is complete.

Revision 2.7 (03-15-10) SMSC LAN9217
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3.10.5.2

3.1

3.11.1

P smsc

PHY Soft Reset via PHY Basic Control Register (PHY Reg. 0.15)

The PHY Reg. 0.15 Soft Reset is initiated by writing a ‘1’ to bit 15 of the PHY’s Basic Control Register.
This self-clearing bit will return to ‘0’ at which time the PHY reset is complete.

Ml Interface - External MIl Switching

There are two mechanisms that are used to switch between the internal PHY and the external Ml port.

= A LAN driver or other software controlled mechanism is used to control the PHY_CLK_SEL[1:0]
bits described in Section 5.3.9, "HW_CFG—Hardware Configuration Register" that provides glitch-
free MII clock switching. This mechanism allows the host processor to disable (gate) the RX_CLK
and TX_CLK clocks from both the internal PHY and the external MIl port, and switch the clock
sources once they have stopped. After switching the clocks, the LAN9217 transmitter and receiver
can be re-enabled.

= A simple multiplexor that, with the exception of the SMI bus and the MII clocks, will switch the
remaining MIl signals. This multiplexor is controlled by the EXT_PHY_EN bit described in Section
5.3.9, "HW_CFG—Hardware Configuration Register"

SMI Switching

The Serial Management Interface (SMI) port can be switched between the internal PHY and external
MII ports based on the settings of the SMI_SEL bit described in Section 5.3.9, "HW_CFG—Hardware
Configuration Register". The SMI port can be switched independent of the setting of the other MII
signals.

APPLICATION NOTE: The user is cautioned to not switch the SMI port while an SMI transaction is in progress.

3.11.2

Mil Clock Switching

The LAN9217 supports dynamic switching between the integrated internal PHY and the external Mil
port which can connect to an external MIl compatible Ethernet PHY device.

The remaining MII signals, with the exception of the SMI port, are switched using a simple multiplexor
controlled by the EXT_PHY_SEL bit described in Section 5.3.9, "HW_CFG—Hardware Configuration
Register". It is required that the MII clocks be disabled before the other MIl signals are switched.

The steps outlined in the flow diagram in Figure 3.11, "MIl Switching Procedure", detail the required
procedure for switching the MII port, including the MII clocks. These steps must be followed in order
to guarantee clean switching of the MII ports.

Using the SMI interface, both the internal PHY, and the external PHY must be placed in a stable state.
For each device generating a TX_CLK or RX_CLK, this clock must be stable and glitch-free before the
switch can be made. If either device is not generating a TX_CLK or RX_CLK, this clock must remain
off until the switch is complete. In either case the TX_CLK and RX_CLK must be stable and glitch-free
for the device that will be selected after the switch. The following must be done prior to a switch:

= The LAN9217 Transmitter must be halted.

= The halting of the LAN9217 transmitter must be complete
= The LAN9217 Receiver must be halted.

= The halting of the LAN9217 receiver must be complete.

= The PHY_CLK_ SEL field must be set to 10b. This action will disable the MII clocks to the LAN9217
internal logic for both the internal PHY, and the external Ml interface.

= The host must wait a period of time not less than 5 cycles of the slowest operating clock before
executing the next step in this procedure.

APPLICATION NOTE: For example, if the internal PHY was operating in 10Mbs mode, and the external PHY was

SMSC LAN9217

operating at 100Mbs mode, the internal PHY’s TX_CLK and RX_CLK period is the longest,
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and will determine the required wait-time. In this case the TX _CLK and RX_CLK period for
the internal PHY is 400ns, therefore the host must wait 2us (5*400ns) before proceeding. If
the clocks of the device being deselected by the switch are not running, they are not
considered in this calculation.

= Set EXT_PHY_SEL described in Section 5.3.9, "HW_CFG—Hardware Configuration Register" to
the desired MII port. This step switches the RXD[3:0], RX_DV, RX_ER, TXDI[3:0], TX_EN, CRS
and COL signals to the desired port.

= Set PHY_CLK_SEL described in Section 5.3.9, "HW_CFG—Hardware Configuration Register" to
the desired port. This must be the same port that is selected by EXT_PHY_SEL.

= The host must wait a period of time of not less than 5 cycles of the slowest, newly enabled clock
before executing the next step in this procedure.

= Enable the LAN9217 transmitter.
= Enable the LAN9217 receiver.

The process is complete. The LAN9217 is now operational using the newly selected MIl device.

The above procedure must be repeated each time the MIl port is switched. The procedure is identical
when switching from internal PHY to external MIl, or vice-versa.

Revision 2.7 (03-15-10) SMSC LAN9217
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Using SMI, Set Set
Internal PHY and
1 External PHY to a 8 EXT_PHY_SEL to
Stable State Desired MIl Port
A
Set
2 | Halt Transmitter O | PHY_CLK_SEL to
Desired MIl Port
v
Y
3 TX Stopped? NO Clocks
10 ; NO
Running
YES
v YES
A 4
4 Halt Receiver
11 Enable RX
A
5 RX Stopped? NO
12 Enable TX
Set
PHY_CLK_SEL
6 to 10b
13 Complete
7 Clocks Halted? NO

Figure 3.11 MIl Switching Procedure
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3.12
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TX Data Path Operation

Data is queued for transmission by writing it into the TX data FIFO. Each packet to be transmitted may
be divided among multiple buffers. Each buffer starts with a two DWORD TX command (TX command
‘A and TX command ‘B’). The TX command instructs the LAN9217 on the handling of the associated
buffer. Packet boundaries are delineated using control bits within the TX command.

The host provides a 16-bit Packet Tag field in the TX command. The Packet Tag value is appended
to the corresponding TX status DWORD. All Packet Tag fields must have the same value for all buffers
in a given packet. If tags differ between buffers in the same packet the TXE error will be asserted. Any
value may be chosen for a Packet Tag as long as all tags in the same Packet are identical. Packet
Tags also provide a method of synchronization between transmitted packets and their associated
status. Software can use unique Packet Tags to assist with validating matching status completions.

Note 3.14 The use of packet tags is not required by the hardware. This is a software LAN driver only
application example for use of this field.

A Packet Length field in the TX command specifies the number of bytes in the associated packet. All
Packet Length fields must have the same value for all buffers in a given packet. Hardware compares
the Packet Length field and the actual amount of data received by the Ethernet controller. If the actual
packet length count does not match the Packet Length field as defined in the TX command, the
Transmitter Error (TXE) flag is asserted.

The LAN9217 can be programmed to start payload transmission of a buffer on a byte boundary by
setting the “Data Start Offset” field in the TX command. The “Data Start Offset” field points to the actual
start of the payload data within the first 8 DWORDs of the buffer. Data before the “Data Start Offset”
pointer will be ignored. When a packet is split into multiple buffers, each successive buffer may begin
on any arbitrary byte.

The LAN9217 can be programmed to strip padding from the end of a transmit packet in the event that
the end of the packet does not align with the host burst boundary. This feature is necessary when the
LAN9217 is operating in a system that always performs multi-word bursts. In such cases the LAN9217
must guarantee that it can accept data in multiples of the Burst length regardless of the actual packet
length. When configured to do so, the LAN9217 will accept extra data at the end of the packet and
will remove the extra padding before transmitting the packet. The LAN9217 automatically removes data
up to the boundary specified in the Buffer End Alignment field specified in each TX command.

The host can instruct the LAN9217 to issue an interrupt when the buffer has been fully loaded into the
TX FIFO contained in the LAN9217 and transmitted. This feature is enabled through the TX command
‘Interrupt on Completion’ field.

Upon completion of transmission, irrespective of success or failure, the status of the transmission is
written to the TX status FIFO. TX status is available to the host and may be read using PIO operations.
An interrupt can be optionally enabled by the host to indicate the availability of a programmable
number TX status DWORDS.

Before writing the TX command and payload data to the TX FIFO, the host must check the available
TX FIFO space by performing a PIO read of the TX_FIFO_INF register. The host must ensure that it
does not overfill the TX FIFO or the TX Error (TXE) flag will be asserted.

The host proceeds to write the TX command by first writing TX command ‘A, then TX command ‘B’.
After writing the command, the host can then move the payload data into the TX FIFO. TX status
DWORD’s are stored in the TX status FIFO to be read by the host at a later time upon completion of
the data transmission onto the wire.

SMSC LAN9217
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Figure 3.12 Simplified Host TX Flow Diagram

3.12.1 TX Buffer Format

TX buffers exist in the host's memory in a given format. The host writes a TX command word into the
TX data buffer before moving the Ethernet packet data. The TX command A and command B are 32-
bit values that are used by the LAN9217 in the handling and processing of the associated Ethernet
packet data buffer. Buffer alignment, segmentation and other packet processing parameters are
included in the command structure. The following diagram illustrates the buffer format.

SMSC LAN9217 Revision 2.7 (03-15-10)
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Host Write
Order 31 0
1st TX Command "A’
I
2nd TX Command ‘B’
I
3rd Optional offset DWORDO

Optional offset DWORDnN
Offset + Data DWORDO

Last Data & PAD
Optional Pad DWORDO0

Last Optional Pad DWORDnN

Figure 3.13 TX Buffer Format

Figure 3.13, "TX Buffer Format", shows the TX Buffer as it is written into the LAN9217. It should be
noted that not all of the data shown in this diagram is actually stored in the TX data FIFO. This must
be taken into account when calculating the actual TX data FIFO usage. Please refer to Section 3.12.5,
"Calculating Actual TX Data FIFO Usage," on page 52 for a detailed explanation on calculating the
actual TX data FIFO usage.

Note 3.15 The LAN9217 host bus interface supports 16-bit bus transfers; internally, all data paths are
32-bits wide. Figure 3.13 describes the host write ordering for pairs of atomic 16-bit
transactions.

3.12.2 TX Command Format

The TX command instructs the TX FIFO controller on handling the subsequent buffer. The command
precedes the data to be transmitted. The TX command is divided into two, 32-bit words; TX command
‘A and TX command ‘B’.

There is a 16-bit packet tag in the TX command ‘B’ command word. Packet tags may, if host software
desires, be unique for each packet (i.e., an incrementing count). The value of the tag will be returned
in the RX status word for the associated packet. The Packet tag can be used by host software to
uniquely identify each status word as it is returned to the host.

Both TX command ‘A’ and TX command ‘B’ are required for each buffer in a given packet. TX
command ‘B’ must be identical for every buffer in a given packet. If the TX command ‘B’ words do not
match, the Ethernet controller will assert the Transmitter Error (TXE) flag.

Revision 2.7 (03-15-10) SMSC LAN9217
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TX COMMAND ‘A’
Table 3.11 TX Command 'A’' Format
BITS DESCRIPTION
31 Interrupt on Completion. When set, the TXDONE flag will be asserted when the current buffer has
been fully loaded into the TX FIFO. This flag may be optionally mapped to a host interrupt.
30:26 Reserved. These bits are reserved. Always write zeros to this field to guarantee future compatibility.
25:24 Buffer End Alignment. This field specifies the alignment that must be maintained on the last data
transfer of a buffer. The host will add extra DWORDs of data up to the alignment specified in the
table below. The LAN9217 will remove the extra DWORDs. This mechanism can be used to maintain
cache line alignment on host processors.
[25] [24] End Alignment
0 0 4-byte alignment
0 1 16-byte alignment
1 0 32-byte alignment
1 1 Reserved
23:21 Reserved. These bits are reserved. Always write zeros to this field to guarantee future compatibility
20:16 Data Start Offset (bytes). This field specifies the offset of the first byte of TX data. The offset value
can be anywhere from 0 bytes to 31 a Byte offset.
15:14 Reserved. These bits are reserved. Always write zeros to this field to guarantee future compatibility
13 First Segment (FS). When set, this bit indicates that the associated buffer is the first segment of the
packet.
12 Last Segment. When set, this bit indicates that the associated buffer is the last segment of the
packet
11 Reserved. These bits are reserved. Always write zeros to this field to guarantee future compatibility.
10:0 Buffer Size (bytes). This field indicates the number of bytes contained in the buffer following this
command. This value, along with the Buffer End Alignment field, is read and checked by the
LAN9217 and used to determine how many extra DWORD’s were added to the end of the Buffer. A
running count is also maintained in the LAN9217 of the cumulative buffer sizes for a given packet.
This cumulative value is compared against the Packet Length field in the TX command ‘B’ word and
if they do not correlate, the TXE flag is set.
Note: The buffer size specified does not include the buffer end alignment padding or data start
offset added to a buffer.
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TX COMMAND ‘B’

Table 3.12 TX Command 'B' Format

BITS

DESCRIPTION

31:16

Packet Tag. The host should write a unique packet identifier to this field. This identifier is added to

the corresponding TX status word and can be used by the host to correlate TX status words with

their corresponding packets.

Note: The use of packet tags is not required by the hardware. This field can be used by the LAN
software driver for any application. Packet Tags is one application example.

15:14

Reserved. These bits are reserved. Always write zeros to this field to guarantee future compatibility.

13

Add CRC Disable. When set, the automatic addition of the CRC is disabled.

12

Disable Ethernet Frame Padding. When set, this bit prevents the automatic addition of padding to
an Ethernet frame of less than 64 bytes. The CRC field is also added despite the state of the Add
CRC Disable field.

11

Reserved. These bits are reserved. Always write zeros to this field to guarantee future compatibility.

10:0

Packet Length (bytes). This field indicates the total number of bytes in the current packet. This
length does not include the offset or padding. If the Packet Length field does not match the actual
number of bytes in the packet the Transmitter Error (TXE) flag will be set.

3.12.3

TX Data Format

The TX data section begins at the third DWORD in the TX buffer (after TX command ‘A" and TX
command ‘B’). The location of the first byte of valid buffer data to be transmitted is specified in the
“Data Start Offset” field of the TX command ‘A’ word. Table 3.13, "TX DATA Start Offset", shows the
correlation between the setting of the LSB’s in the “Data Start Offset” field and the byte location of the
first valid data byte. Additionally, transmit buffer data can be offset by up to 7 additional DWORDS as
indicated by the upper three MSB'’s (5:2) in the “Data Start Offset” field.

Table 3.13 TX DATA Start Offset

Data Start Offset [1:0]: 11 10 01 00

First TX Data Byte: D[31:24] D[23:16] D[15:8] D[7:0]

3.12.31

Revision 2.7 (03-15-10)

TX data is contiguous until the end of the buffer. The buffer may end on a byte boundary. Unused
bytes at the end of the packet will not be sent to the MIL for transmission.

The Buffer End Alignment field in TX command ‘A’ specifies the alignment that must be maintained for
the associated buffer. End alignment may be specified as 4-, 16-, or 32-byte. The host processor is
responsible for adding the additional data to the end of the buffer. The hardware will automatically
remove this extra data.

TX Buffer Fragmentation Rules

Transmit buffers must adhere to the following rules:
= Each buffer can start and end on any arbitrary byte alignment
= The first buffer of any transmit packet can be any length

= Middle buffers (i.e., those with First Segment = Last Segment = 0) must be greater than, or equal
to 4 bytes in length

= The final buffer of any transmit packet can be any length

SMSC LAN9217

50
DATASHEET



16-bit High-Performance Single-Chip 10/100 Ethernet Controller with HP Auto-MDIX Support

Datasheet

3.12.3.2

3124

P smsc

The MIL operates in store-and-forward mode and has specific rules with respect to fragmented
packets. The total space consumed in the TX FIFO (MIL) must be limited to no more than 2KB - 3
DWORDs (2,036 bytes total). Any transmit packet that is so highly fragmented that it takes more space
than this must be un-fragmented (by copying to a driver-supplied buffer) before the transmit packet
can be sent to the LAN9217.

One approach to determine whether a packet is too fragmented is to calculate the actual amount of
space that it will consume, and check it against 2,036 bytes. Another approach is to check the number
of buffers against a worst-case limit of 86 (see explanation below).

Calculating Worst-Case TX FIFO (MIL) Usage

The actual space consumed by a buffer in the MIL TX FIFO consists only of any partial DWORD offsets
in the first/last DWORD of the buffer, plus all of the whole DWORDs in between. Any whole DWORD
offsets and/or alignments are stripped off before the buffer is loaded into the TX Data FIFO, and TX
command words are stripped off before the buffer is written to the MIL TX FIFO, so none of those
DWORDs count as space consumed. The worst-case overhead for a TX buffer is 6 bytes, which
assumes that it started on the high byte of a DWORD and ended on the low byte of a DWORD. A TX
packet consisting of 86 such fragments would have an overhead of 516 bytes (6 * 86) which, when
added to a 1514-byte max-size transmit packet (1516 bytes, rounded up to the next whole DWORD),
would give a total space consumption of 2,032 bytes, leaving 4 bytes to spare; this is the basis for the
"86 fragment" rule mentioned above.

TX Status Format

TX status is passed to the host CPU through a separate FIFO mechanism. A status word is returned
for each packet transmitted. Data transmission is suspended if the TX status FIFO becomes full. Data
transmission will resume when the host reads the TX status and there is room in the FIFO for more
“TX Status” data.

The host can optionally choose to not read the TX status. The host can optionally ignore the TX status
by setting the “TX Status Discard Allow Overrun Enable” (TXSAQ) bit in the TX Configuration Register
(TX_CFG). If this option is chosen TX status will not be written to the FIFO. Setting this bit high allows
the transmitter to continue operation with a full TX status FIFO. In this mode the status information is
still available in the TX status FIFO, and TX status interrupts still function. In the case of an overrun,
the TXSUSED counter will stay at zero and no further TX status will be written to the TX status FIFO
until the host frees space by reading TX status. If TXSAO is enabled, a TXE error will not be generated
if the TX status FIFO overruns. In this mode the host is responsible for re-synchronizing TX status in
the case of an overrun.

BITS

DESCRIPTION

31:16

Packet TAG. Unique identifier written by the host into the Packet Tag field of the TX command ‘B’
word. This field can be used by the host to correlate TX status words with the associated TX packets.

15

Error Status (ES). When set, this bit indicates that the Ethernet controller has reported an error. This
bit is the logical OR of bits 11, 10, 9, 8, 2, 1 in this status word.

14:12

Reserved. These bits are reserved. Always write zeros to this field to guarantee future compatibility.

1

Loss of Carrier. When set, this bit indicates the loss of carrier during transmission.

10

No Carrier. When set, this bit indicates that the carrier signal from the transceiver was not present
during transmission.

Note:  During 10/100 Mbps full-duplex transmission, the value of this bit is invalid and should be
ignored.

Late Collision. When set, indicates that the packet transmission was aborted after the collision
window of 64 bytes.
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BITS DESCRIPTION

8 Excessive Collisions. When set, this bit indicates that the transmission was aborted after 16
collisions while attempting to transmit the current packet.

7 Reserved. This bit is reserved. Always write zeros to this field to guarantee future compatibility.

6:3 Collision Count. This counter indicates the number of collisions that occurred before the packet was
transmitted. It is not valid when excessive collisions (bit 8) is also set.

2 Excessive Deferral. If the deferred bit is set in the control register, the setting of the excessive
deferral bit indicates that the transmission has ended because of a deferral of over 24288 bit times
during transmission.

1 Reserved. This bit is reserved. Always write zero to this bit to guarantee future compatibility.

0 Deferred. When set, this bit indicates that the current packet transmission was deferred.

3.12.5 Calculating Actual TX Data FIFO Usage
The following rules are used to calculate the actual TX data FIFO space consumed by a TX Packet:
=  TX command 'A' is stored in the TX data FIFO for every TX buffer
= TX command 'B' is written into the TX data FIFO when the First Segment (FS) bit is set in TX
command ‘A’
= Any DWORD-long data added as part of the “Data Start Offset” is removed from each buffer before
the data is written to the TX data FIFO. Any data that is less than 1 DWORD is passed to the TX
data FIFO.
= Payload from each buffer within a Packet is written into the TX data FIFO.
= Any DWORD-long data added as part of the End Padding is removed from each buffer before the
data is written to the TX data FIFO. Any end padding that is less than 1 DWORD is passed to the
TX data FIFO
3.12.6 Transmit Examples
3.12.6.1 TX Example 1

Revision 2.7 (03-15-10)

In this example a single, 111-Byte Ethernet packet will be transmitted. This packet is divided into three
buffers. The three buffers are as follows:

Buffer 0:

s 7-Byte “Data Start Offset”

= 79-Bytes of payload data

= 16-Byte “Buffer End Alignment”

Buffer 1:

= 0-Byte “Data Start Offset”

= 15-Bytes of payload data

= 16-Byte “Buffer End Alignment”
Buffer 2:

= 10-Byte “Data Start Offset”

= 17-Bytes of payload data

= 16-Byte “Buffer End Alignment”

SMSC LAN9217
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Figure 3.14, "TX Example 1" illustrates the TX command structure for this example, and also shows
how data is passed to the TX data FIFO.

Note 3.16 The LAN9217 host bus interface supports 16-bit bus transfers; internally, all data paths are
32-bits wide. Figure 3.14 and Figure 3.15 describe the host write ordering for pairs of
atomic 16-bit transactions.

Data Writtento the
Ethernet Controller
31 0
TXCommand'A’

IX mmand ‘A’
Buffer End Alignment = 1

Data Passed to the

Data Start Offset = 7 R
First Segment = 1 TXCommand'B \ TX Data FIFO
Last Segment = 0
AN 7-Byte Data Start Offset
Buffer Size = 79 TXCommand'A’
IX mmand 'B'
;‘\\ TXCommand'B'

Packet Length = 111
L

79-BytePayload

79-BytePayload

\
10-Byte
EndPadding *

TXCommand'A’

/

31

IX Command 'A’ TXCommand'A’
Buffer End Alignment = 1

Data Start Offset = 0 TXCommand'B' ;

First Segment = 0

Last Segment = 0 Wnd'A'
Buffer Size = 15

15-BytePayload —
IX Command 'B'
Packet Length = 111 1B -

17-BytePayload

o

15-BytePayload

31

IX Command ‘A’ TXCommand'A' ;

Buffer End Alignment = 1 4

Data Start Offset = 10 TXCommand'B;

First Segment = 0

Last Segmen_t =1 10-Byty NOTE: Extra bytes
Buffer Size = 17 Data StapfOffset betw een buffers are

not transmitted
IX Command 'B' V4

Packet Length = 111
17-BytePayloadData

A

5-ByteEndPadding

Figure 3.14 TX Example 1
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TX Example 2

In this example, a single 183-Byte Ethernet packet will be transmitted. This packet is in a single buffer
as follows:

= 2-Byte “Data Start Offset”

= 183-Bytes of payload data

= 4-Byte “Buffer End Alignment”

Figure 3.15, "TX Example 2" illustrates the TX command structure for this example, and also shows

how data is passed to the TX data FIFO. Note that the packet resides in a single TX Buffer, therefore
both the FS and LS bits are set in TX command ‘A’.

Data Passed to the
TX Data FIFO

Data Written to the

Ethernet Controller
31 0

IX Command ‘A’

Buffer End Alignment =0
Data Start Offset = 6
First Segment = 1

Last Segment = 1

Buffer Size =183

TIX Command 'B'
Packet Length = 183
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TX Command ‘A’

—

TX Command 'B’

TX Command 'A’

—_—

6-Byte Data Start Offset

TX Command 'B*

183-Byte Payload Data

L ——

3B End Padding =

/'

-

183-Byte Payload Data

Figure 3.15 TX Example 2
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Transmitter Errors

If the Transmitter Error (TXE) flag is asserted for any reason, the transmitter will continue operation.
TX Error (TXE) will be asserted under the following conditions:

= If the actual packet length count does not match the Packet Length field as defined in the TX
command.

= Both TX command ‘A and TX command ‘B’ are required for each buffer in a given packet. TX
command ‘B’ must be identical for every buffer in a given packet. If the TX command ‘B’ words do
not match, the Ethernet controller will assert the Transmitter Error (TXE) flag.

= Host overrun of the TX data FIFO.
= Overrun of the TX status FIFO (unless TXSAO is enabled)

Stopping and Starting the Transmitter

To halt the transmitter, the host must set the TX_STOP bit in the TX_CFG register. The transmitter will
finish sending the current frame (if there is a frame transmission in progress). When the transmitter
has received the TX status for this frame, it will clear the TX_STOP and TX_ON bits, and will pulse
the TXSTOP_INT.

Once stopped, the host can optionally clear the TX status and TX data FIFOs. The host must re-enable
the transmitter by setting the TX_ON bit. If the there are frames pending in the TX data FIFO (i.e., TX
data FIFO was not purged), the transmission will resume with this data.

RX Data Path Operation

When an Ethernet Packet is received, the MIL first begins to transfer the RX data. This data is loaded
into the RX data FIFO. The RX data FIFO pointers are updated as data is written into the FIFO.

The last transfer from the MIL is the RX status word. The LAN9217 implements a separate FIFO for
the RX status words. The total available RX data and status queued in the RX FIFO can be read from
the RX_FIFO_INF register. The host may read any number of available RX status words before
reading the RX data FIFO.

The host must use caution when reading the RX data and status. The host must never read more data
than what is available in the FIFOs. If this is attempted an underrun condition will occur. If this error
occurs, the Ethernet controller will assert the Receiver Error (RXE) interrupt. If an underrun condition
occurs, a soft reset is required to regain host synchronization.

A configurable beginning offset is supported in the LAN9217. The RX data Offset field in the RX_CFG
register controls the number of bytes that the beginning of the RX data buffer is shifted. The host can
set an offset from 0-31 bytes. The offset may be changed in between RX packets, but it must not be
changed during an RX packet read.

The LAN9217 can be programmed to add padding at the end of a receive packet in the event that the
end of the packet does not align with the host burst boundary. This feature is necessary when the
LAN9217 is operating in a system that always performs multi-DWORD bursts. In such cases the
LAN9217 must guarantee that it can transfer data in multiples of the Burst length regardless of the
actual packet length. When configured to do so, the LAN9217 will add extra data at the end of the
packet to allow the host to perform the necessary number of reads so that the Burst length is not cut
short. Once a packet has been padded by the H/W, it is the responsibility of the host to interrogate the
Packet length field in the RX status and determine how much padding to discard at the end of the
Packet.

It is possible to read multiple packets out of the RX data FIFO in one continuous stream. It should be
noted that the programmed Offset and Padding will be added to each individual packet in the stream,
since packet boundaries are maintained.
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3.13.1 RX Slave PIO Operation

Using PIO mode, the host can either implement a polling or interrupt scheme to empty the received
packet out of the RX data FIFO. The host will remain in the idle state until it receives an indication
(interrupt or polling) that data is available in the RX data FIFO. The host will then read the RX status
FIFO to get the packet status, which will contain the packet length and any other status information.
The host should perform the proper number of reads, as indicated by the packet length plus the start
offset and the amount of optional padding added to the end of the frame, from the RX data FIFO.

RX Interrupt

Read RX
Status
DWORD

Not Last Packet
Last Packet

Figure 3.16 Host Receive Routine Using Interrupts

Valid Status DWORD

Not Last Packet

Last Packet

Read RX
Packet

Figure 3.17 Host Receive Routine with Polling
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Receive Data FIFO Fast Forward

The RX data path implements an automatic data discard function. Using the RX data FIFO Fast
Forward bit (RX_FFWD) in the RX_DP_CTRL register, the host can instruct the LAN9217 to skip the
packet at the head of the RX data FIFO. The RX data FIFO pointers are automatically incremented to
the beginning of the next RX packet.

When performing a fast-forward, there must be at least 4 DWORDs of data in the RX data FIFO for
the packet being discarded. For less than 4 DWORDs do not use RX_FFWD. In this case data must
be read from the RX data FIFO and discarded using standard PIO read operations.

After initiating a fast-forward operation, do not perform any reads of the RX data FIFO until the
RX_FFWD bit is cleared. Other resources can be accessed during this time (i.e., any registers and/or
the other three FIFOs). Also note that the RX_FFWD will only fast-forward the RX data FIFO, not the
RX status FIFO.

The receiver does not have to be stopped to perform a fast-forward operation.

Force Receiver Discard (Receiver Dump)

In addition to the Receive data Fast Forward feature, LAN9217 also implements a receiver "dump"
feature. This feature allows the host processor to flush the entire contents of the RX data and RX
status FIFOs. When activated, the read and write pointers for the RX data and status FIFOs will be
returned to their reset state. To perform a receiver dump, the LAN9217 receiver must be halted. Once
the receiver stop completion is confirmed, the RX_DUMP bit can be set in the RX_CFG register. The
RX_DUMP bit is cleared when the dump is complete. For more information on stopping the receiver,
please refer to Section 3.13.4, "Stopping and Starting the Receiver," on page 59. For more information
on the RX_DUMP bit, please refer to Section 5.3.7, "RX_CFG—Receive Configuration Register," on
page 79.
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3.13.2 RX Packet Format
The RX status words can be read from the RX status FIFO port, while the RX data packets can be
read from the RX data FIFO. RX data packets are formatted in a specific manner before the host can
read them as shown in Figure 3.18. It is assumed that the host has previously read the associated
status word from the RX status FIFO, to ascertain the data size and any error conditions.
Host Read
Order 31 0
1st Optional offset DWORDO
I
2nd
Optional offset DWORDN
ofs + First Data DWORD
Last Data DWORD
Optional Pad DWORDO
\j
Last Optional Pad DWORDN
Figure 3.18 RX Packet Format
Note 3.17 The LAN9217 host bus interface supports 16-bit bus transfers; internally, all data paths are
32-bits