MICROCHIP

LAN8670/1/2

10BASE-T1S Ethernet PHY Transceiver

Description

The LAN8670/1/2 is a high-performance 10BASE-T1S
single-pair Ethernet PHY transceiver for 10 Mbit/s half-
duplex networking over a single pair of conductors.
Utilizing standard Ethernet technology in sensor/
actuator networks reduces application costs by
eliminating gateways necessary with legacy networking
technologies. The ability to connect multiple PHY's onto a
common mixing segment further saves implementation
costs by reducing cabling and switch ports. The
LAN8670/1/2 is designed for use in high-reliability cost
sensitive industrial, backplane, and building automation
sensor/actuator applications.

Highlights

High-performance 10BASE-T1S Ethernet PHY
» Designed according to IEEE Std 802.309-2019m
10 Mbit/s over single balanced pair

Half-duplex point-to-point link segments up to
at least 15m

Half-duplex multidrop mixing segments up to at
least 25m with up to at least 8 PHYs

Media Independent Interface (MIl) and Reduced
Media Independent Interface (RMII)

2.5 MHz Ml clock mode
50 MHz RMII clock mode

Serial Management Interface (SMI) for rapid
register access

Comprehensive status interrupt support

Carrier Sense Multiple Access / Collision Detection
(CSMA/CD) media access control

.
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Physical Layer Collision Avoidance (PLCA)

— Allows for high bandwidth utilization by
avoiding collisions on the physical layer

— Burst mode for transmission of multiple
packets for high packet rate latency-sensitive
applications

Enhanced electromagnetic compatibility /
electromagnetic interference (EMC/EMI)
performance

Low RF emissions

— Robust against injected currents and network
cable shorts to ground or battery

— Simple low cost analog front-end
Single 3.3V supply with integrated 1.8V regulator

Small footprint VQFN packaging with wettable
flanks

— LANB8670 32-pin (5 x5 mm)

— LAN8671 24-pin (4 x4 mm)

— LAN8672 36-pin (6 x 6 mm)
-40°C to +125°C extended temperature range
Microchip Functional Safety Ready

Target Applications

Sensor/actuator networks operating at high
bandwidth

Microphone networks delivering audio streams for
beamforming, hands-free microphones, etc.

Backplane communication
Industrial control cabinets and machine control
Building automation
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To Our Valued Customers

It is our intention to provide our valued customers with the best documentation possible to ensure successful use
of your Microchip products. To this end, we will continue to improve our publications to better suit your needs. Our
publications will be refined and enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications
Department via E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet
to (480) 792-4150. We welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:

http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner
of any page. The last character of the literature number is the version number, (e.g., DS30000A is version A of
document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may
exist for current devices. As device/documentation issues become known to us, we will publish an errata sheet. The
errata will specify the revision of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature
number) you are using.

Customer Notification System
Register on our web site at www.microchip.com to receive the most current information on all of our products.
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Conformity

Table 1 shows the conformity relationship between data sheet, silicon, and product revisions. This data sheet applies
to silicon revision 2 (0010b) as shown below.

Table 1. Conformity Table

Product Revisionl Silicon Revisiong Data Sheet Revision

A0 Rev 0 (0000Db) DS60001573A
B1 Rev 2 (0010b) DS60001573B
B1 Rev 2 (0010Db) DS60001573C

Notes:
1. The product revision is noted in the package top marking.
2. The silicon revision is obtained by reading the Manufacturer's Model Revision from the PHY Identifier 1 register.

Related Links
9. Package Marking Information
5.1.4 PHY_ID1
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Preface

Preface

General Terms

Table 1-1. General Terms

10BASE-T 10 Mbit/s Ethernet over twisted pair, IEEE Std 802.3™ Clause 14
10BASE-T1L 10 Mbit/s Ethernet over long-reach single pair of conductors, IEEE Std 802.3 Clause 146
10BASE-T1S 10 Mbit/s Ethernet over short-reach single pair of conductors, IEEE Std 802.3 Clause 147
CSMA/CD Carrier Sense Multiple Access with Collision Detection
CSR Control and Status Register
BT Bit Time, 100 ns for 10 Mbps Ethernet
LDO Low Dropout Regulator
MAC Media Access Controller
MDI Medium Dependent Interface
Mil Media Independent Interface, IEEE Std 802.3 Clause 22
PCS Physical Coding Sublayer
PLCA Physical Layer Collision Avoidance, IEEE Std 802.3 Clause 148
PMA Physical Medium Attachment sublayer
PMD Physical Medium Dependent sublayer
POR Power-on Reset
RS Reconciliation Sublayer
SMI Serial Management Interface, also known as MIl Management Interface, IEEE Std 802.3 Clause 22
STA Station management entity
RMII Reduced Media Independent Interface
© 2021 Microchip Technology Inc. Datasheet DS60001573C-page 6
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Preface

1.2 Buffer Types

Table 1-2. LAN8670/1/2 Buffer Type Descriptions

S

Al

AO

AIO

ICLK

OCLK

PD

PU

VIS-VDDP

VO-VDDP

VOH-VDDP

VOD-VDDP

Analog input

Analog output

Analog bi-directional
Oscillator input

Crystal oscillator output
Power

55kQ (typical) internal pull-down. Unless otherwise noted in the pin description, internal pull-downs are always
enabled.

Internal pull-down resistors prevent unconnected inputs from floating. Do not rely on internal resistors to drive
signals external to the device. When connected to a load that must be pulled low, an external resistor must be
added.

55 kQ (typical) internal pull-up. Unless otherwise noted in the pin description, internal pull-ups are always enabled.

Internal pull-up resistors prevent unconnected inputs from floating. Do not rely on internal resistors to drive signals
external to the device. When connected to a load that must be pulled high, an external resistor must be added.

3.3V Schmitt-triggered input (VDDP power domain)
3.3V output (VDDP power domain)
3.3V high-speed output (VDDP power domain)

3.3V open-drain output (VDDP power domain)

Note: Digital signals are not 5V tolerant unless specified.

© 2021 Microchip Technology Inc. Datasheet DS60001573C-page 7
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Preface

1.3 Register Bit Types

The following table describes the register bit attributes used throughout this document.

Table 1-3. Register Bit Types

Register Bit Type Register Bit Description
Notation

R

W

RO

WO

W1S

w1C

WAC

RC

SC

NASR

STKY

RESERVED

Read: A register or bit with this attribute can be read.

Write: A register or bit with this attribute can be written.

Read Only: A register of bit with this attribute is read only; writing has no effect.
Write Only: If a register or bit is write-only, reads will return unspecified data.
Write One to Set: Writing a one sets the value. Writing a zero has no effect.
Write One to Clear: Writing a one clears the value. Writing a zero has no effect.
Write Anything to Clear: Writing anything clears the value.

Read to Clear: Content is cleared after the read. Writes have no effect.

Self Clearing: A bit with this attribute will be cleared to ‘0’ after being written as ‘1°. Hardware often clears such bits
following the completion of some action initiated by the write.

Not Affected by Software Reset: The state of NASR bits do not change on assertion of a software reset.
This field is “Sticky” in that it is neither initialized nor modified by hot reset or Function Level Reset.

Reserved Field: Reserved fields must be written with the same default values as specified. The value of reserved
bits is not guaranteed on a read.

Many of these register bit notations can be combined. Some examples of this are:

* R/W: Can be written. Will return current setting on a read.
*  R/W1C: Will return current setting on a read. Writing a ‘1’ clears the bit.

1.4 Reference Documents
1. IEEE Std 802.3™-2018, IEEE Standard for Ethernet.
standards.ieee.org/standard/802_3-2018.html

2. |EEE Std 802.3cg™-2019, IEEE Standard for Ethernet, Amendment 5: Physical Layer Specifications and
Management Parameters for 10 Mb/s Operation and Associated Power Delivery over a Single Balanced Pair

of Conductors.

standards.ieee.org/standard/802_3cg-2019.html
3. RMII Specification Revision 1.2.

© 2021 Microchip Technology Inc. Datasheet DS60001573C-page 8
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Introduction

Introduction

General Description

The Microchip LAN8670/1/2 is a compact, low power, and cost-effective single-port 10BASE-T1S Ethernet physical
layer transceiver designed according to the IEEE Std 802.3cg-2019 specification. The device provides 10 Mbit/s
half-duplex transmit and receive capability over single-balanced pair medium such as Unshielded Twisted Pair (UTP)
cable. The LAN8670/1/2 is designed for use in applications requiring extended temperature range (-40°C to +125°C).
The device is also compliant to industrial EMC and EMI requirements. The single power supply and simple analog
front end simplifies its integration into small form factor applications.

The LAN8670/1/2 allows for the creation of both multidrop and point-to-point network topologies. Point-to-point link
segments of up to at least 15m in length are supported. The multidrop mode supports up to at least 8 PHYs
connected to a common mixing segment of up to at least 25m in length. The ability to connect multiple PHYs to a
common mixing segment reduces weight and implementation costs by reducing cabling and switch ports.

The LAN8670/1/2 supports communication with an Ethernet MAC via standard MII/RMII interfaces. An integrated
serial management interface (SMI) provides rapid register access and configuration at up to 4 MHz.

Access to the physical medium is managed by CSMA/CD and optionally supplemented by Physical Layer Collision
Avoidance (PLCA).

The LAN8670/1/2 is designed to be used in functional safety related applications.
The Microchip LAN8670/1/2 family includes the following devices:

* LANB8670
* LANB8671
+ LANB8672

Device specific features that do not pertain to the entire LAN8670/1/2 family are called out independently throughout
this document. Table 2-1 below provides a summary of the feature differences between family members.

Table 2-1. LAN8670/1/2 Family Feature Matrix

X X X

LAN8670 32-VQFN X
LAN8671 24-VQFN X X X
LAN8672 36-VQFN X X X

A system-level block diagram and internal block diagram of the LAN8670/1/2 are shown in the following figures.

© 2021 Microchip Technology Inc. Datasheet DS60001573C-page 9
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Introduction
Figure 2-1. LAN8670/1/2 System-Level Block Diagram
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Figure 2-2. LAN8670/1/2 Internal Block Diagram
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Pin Description and Configuration

Pin Description and Configuration

The pin assignments and descriptions for the LAN8670/1/2 are detailed in the following sections. Pin buffer type
definitions are detailed in the Buffer Types section.

Related Links
1.2 Buffer Types

LAN8670 Pin Assignments

Figure 3-1. LAN8670 32-VQFN Pin Assignments
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Pin Description and Configuration

Table 3-1. LAN8670 32-VQFN Pin Assignments

1 DNC 17

RXCLK
2 COL 18 VDDP
3 TXD3 19 RXD1/PHYAD3
4 TXD2 20 RXDV/CRSDV/PHYAD1
5 TXD1 21 RXER/PHYADOQ
6 TXDO 22 IRQ_N
7 TXEN 23 RXD2/MODEQ
8 VDDP 24 RXD3/MODE1
9 DNC 25 VDDA
10 RESET_N 26 RBIAS
1 TXER 27 XTI/REFCLKIN
12 TXCLK 28 XTO
13 MDC 29 VDDA
14 MDIO 30 TRXP
15 CRS/PHYAD4 31 TRXN
16 RXDO/PHYAD2 32 VSS

Note: Exposed Pad (VSS) must be connected to ground.
Datasheet DS60001573C-page 12
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LAN8671 Pin Assignments
Figure 3-2. LAN8671 24-VQFN Pin Assignments
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VDDP

Note: Exposed pad (VSS) on bottom of package must be connected to ground.

Note: Configuration straps are identified by an underlined symbol name. Signals that function as configuration
straps must be augmented with an external resistor.

Table 3-2. LAN8671 24-VQFN Pin Assignments

1 VSS 13

VDDP
2 DNC 14 CRSDV/PHYAD1
3 TXD1 15 RXER/PHYADO
4 TXDO 16 IRQ_N
5 TXEN 17 DNC
6 VDDP 18 VDDA
7 DNC 19 RBIAS
8 RESET_N 20 REFCLKIN
9 MDC 21 DNC
10 MDIO 22 VDDA
1 RXDO/PHYAD2 23 TRXP
12 RXD1/PHYAD3 24 TRXN

Note: Exposed Pad (VSS) must be connected to ground.
Datasheet DS60001573C-page 13
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LAN8672 Pin Assignments
Figure 3-3. LAN8672 36-VQFN Pin Assignments
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Pin Description and Configuration

Table 3-3. LAN8672 36-VQFN Pin Assignments

1 DNC 19

RXCLK
2 coL 20 VDDP
3 TXCLK 21 RXD1/PHYAD3
4 TXD3 22 RXDV/PHYAD1
5 TXD2 23 RXER/PHYADO
6 TXD1 24 IRQ_N
7 TXDO 25 RXD2/MODEOQ
8 TXEN 26 RXD3/MODE1
9 VDDP 27 DNC
10 DNC 28 NC
1 RESET_N 29 VDDA
12 TXER 30 RBIAS
13 VSS 31 XTI
14 DNC 32 XTO
15 MDC 33 VDDA
16 MDIO 34 TRXP
17 CRS/PHYAD4 35 TRXN
18 RXDO/PHYAD2 36 VSS

Note: Exposed Pad (VSS) must be connected to ground.

© 2021 Microchip Technology Inc. Datasheet DS60001573C-page 15
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Pin Descriptions

This section contains descriptions of the various LAN8670/1/2 pins. The “_N” symbol in the signal name indicates
that the active, or asserted, state occurs when the signal is at a low voltage level. For example, RESET_N indicates
that the reset signal is active low. When “_N”" is not present after the signal name, the signal is asserted when at the
high voltage level.

The terms assertion and negation are used exclusively. This is done to avoid confusion when working with a mixture
of “active low” and “active high” signals. The term assert, or assertion, indicates that a signal is active, independent

of whether that level is represented by a high or low voltage. The term negate, or negation, indicates that a signal is
inactive.

Pin buffer type definitions are detailed in the Buffer Types section.
Table 3-4. MII/RMII Signals

Transmit Data 0 TXDO VIS-VDDP Transmit data bus bit 0 (all modes)

Transmit Data 1 TXD1 VIS-VDDP Transmit data bus bit 1 (all modes)

Transmit Data 2 TXD2 VIS-VDDP Transmit data bus bit 2 (MIl mode)

LI Azt In RMII mode, this signal is not used and is internally pulled-
down to VSS.

Transmit Data 3 TXD3 VIS-VDDP Transmit data bus bit 3 (MIl mode)

il vtees) In RMII mode, this signal is not used and is internally pulled-
down to VSS.

Transmit Error TXER VIS-VDDP This signal is asserted to indicate that an error was detected

(MII Mode) somewhere in the packet presently being transferred to the
transceiver.

This pin is unused in RMIl mode and should be connected to
VSS.

Transmit Enable TXEN VIS-VDDP Indicates that valid transmission data is present on TXD[3:0]. In
RMII mode, only TXD[1:0] provide valid data.

Note: A pull-down resistor is recommended to prevent
incidental transmission if the MAC does not actively pull-down
or drive this pin low at all times during its reset and initialization.

Transmit Clock TXCLK VO-VDDP 2.5 MHz clock used to latch data from the MAC into the

(M1l Mode) transceiver.

In RMII mode, this pin is unused and is driven low. It should be
left unconnected.

Receive Data 0 RXDO VOH-VDDP Receive data bus bit 0 (all modes)

Receive Data 1 RXD1 VOH-VDDP Receive data bus bit 1 (all modes)

Receive Data 2 RXD2 VO-VDDP Receive data bus bit 2 (MIl mode)

LAl tleets) In RMII mode, this pin is unused and is driven low.

Receive Data 3 RXD3 VO-VDDP Receive data bus bit 3 (MIl mode)

LAl eetz) In RMII mode, this pin is unused and is driven low.

Receive Error RXER VOH-VDDP This signal is asserted to indicate that an error was detected
somewhere in the packet presently being transferred from the
transceiver.

This signal is optional in RMIl mode.
© 2021 Microchip Technology Inc. Datasheet DS60001573C-page 16
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weeeennennCONtinued
Receive Data Valid RXDV VOH-VDDP Indicates that recovered and decoded data is available on the
(MIl Mode) RXD[3:0] pins.

This signal is not used in RMII mode.

Receive Clock RXCLK VO-VDDP In MII mode, this pin is the 2.5 MHz receive clock output.

LAl tleets) In RMII mode, this pin is unused and is driven low. It should be

left unconnected.

Carrier Sense / Receive Data CRSDV VOH-VDDP This signal is asserted to indicate the receive medium is non-
Valid (RMIl Mode) idle in RMIl mode.

This signal is not used in MIl mode.

Collision Detect COL VO-VDDP Collision Detect.

il vtees) In RMII mode, this pin is unused and is driven low.
Carrier Sense CRS VO-VDDP Carrier Sense.

(MII Mode)

In RMII mode, this pin is unused and is driven low.

Table 3-5. Ethernet Transceiver Pins

Ethernet TX/RX Positive Terminal TRXP Positive terminal for transmit/receive signal.

Ethernet TX/RX Negative Terminal TRXN AIO Negative terminal for transmit/receive signal.

Table 3-6. Serial Management Interface (SMI) Pins

SMI Data Input/Output MDIO VIS-VDDP / Serial Management Interface data input/output.
VO-VDDP
SMI Clock MDC VIS-VDDP Serial Management Interface clock.

Table 3-7. Miscellaneous Pins

External 25 MHz Crystal Input ICLK External 25 MHz crystal input.

External Clock Input REFCLKIN ICLK Single-ended clock oscillator input. A frequency of 25 MHz shall
be used in all modes except RMII, which requires 50 MHz.
Note: When using a single-ended clock oscillator, XTO must
be left unconnected with <10 pF stray capacitance.

External 25 MHz Crystal Output XTO OCLK External 25 MHz crystal output.
Note: When using a single-ended clock oscillator on XTI/
REFCLKIN, this pin must be left unconnected with <10 pF stray
capacitance.

Interrupt IRQ_N VOD-VDDP Device interrupt. Active low and open drain.
Note: When used, this pin requires a 10 kQ (typical) pull-up to
VDDP.

Note: This pin is to be unconnected when unused.

System Reset RESET_N VIS-VDDP System reset. This pin is active low.
If unused, this pin must be pulled-up to VDDP.
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Bias Resistor RBIAS External bias resistor connection pin. This pin requires
connection of a 12.4 kQ resistor to ground.
Note: The resistor must be within + 1% tolerance across the
entire expected operating temperature range.

Do Not Connect DNC - Pin is internally connected. The pin must be left floating
externally.

No Connect NC - Pin is not connected internally. The pin should be left floating
externally.

Table 3-8. Configuration Straps

Operating Mode Configuration MODE[1:0] VIS-VDDP These configuration straps are used to select the device’s
Straps 1-0 default mode of operation. See Section 3.5, Configuration
Straps for additional information.

PHY Address Configuration PHYADI4:0 VIS-VDDP These configuration straps are used to select the device’s
Straps 4-0 default PHY SMI address. See Section 3.5, Configuration
Straps for additional information.

Table 3-9. Power Pins

+3.3V Switched 1/O Power Supply VDDP +3.3V switched I/O power supply input.

Input

+3.3V Switched Analog Power VDDA P +3.3V switched analog power supply input.

Supply Input

Ground VSS P Common ground.
This exposed pad must be connected to the ground plane with
a via array.

3.5 Configuration Straps

Configuration straps allow various features of the device to be automatically configured to user defined values.
Configuration straps are identified by an underlined symbol name in the pin assignment lists and are latched on
Power-On Reset (POR) and pin reset (RESET_N). Configuration straps do not have internal resistors to prevent the
signal from floating when unconnected.

Important: External pull-up or pull-down resistors must be sized appropriately (10 kQ, typical) to ensure
that the configuration straps reach the required voltage level prior to latching at reset.

3.51 Device Mode (MODE[1:0])

The MODE[1:0] configuration straps control various device modes. When the RESET N pin is negated, the
associated register bit values are loaded according to the MODE[1:0] configuration straps and the device is
configured. When a soft reset occurs via the Soft Reset bit of the Basic Control Register, the configuration of the
device is controlled by the register bit values and the MODE[1:0] configuration straps have no affect.

The device’s mode may be configured using the hardware configuration straps as summarized in Table 3-10 below.
Note: As the LAN8672 only supports operation in MIl mode, the MODE[1:0] configuration straps must be set to 01b.
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Table 3-10. MODE[1:0] Configuration Straps

00b Reserved
01b PHY is placed in MIl mode with 25 MHz crystal
10b PHY is placed in RMII mode with 50 MHz REFCLKIN

11b Reserved

PHY Address (PHYAD[4:0])

The PHYADI4:0] configuration straps are driven high or low to give each PHY a unique SMI address. This address is
latched into an internal register at the end of a hardware reset. In a multi-transceiver application (such as a switch),
the controller is able to manage each transceiver via the unique address. Each transceiver checks each management
data frame for a matching address in the relevant bits. When a match is recognized, the transceiver responds to that
particular frame.

The LAN8670/2 SMI address must be configured using the PHYAD[4:0] hardware configuration straps to any
value between 0x00 and Ox1F. The LAN8671 SMI address must be configured using the PHYAD[3:0] hardware
configuration straps to any value between 0x00 and OxOF.
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Media Independent Interface (Mil)

The integrated Media Independent Interface (MIl) provides a common interface between physical layer and MAC
layer devices, adhering to IEEE Std 802.3-2018 IEEE Standard for Ethernet.

The MIl includes the following interface signals:

* Transmit Data - TXD[3:0]
* Transmit Enable - TXEN
* Transmit Clock - TXCLK
e Transmit Error - TXER
* Receive Data - RXD[3:0]
* Receive Data Valid - RXDV
* Receive Clock - RXCLK
* Receive Error - RXER
» Carrier Sense - CRS
» Collision Detect - COL
In MIl mode, on the transmit path, the transceiver drives the transmit clock, TXCLK, to the controller. The controller

synchronizes the transmit data to the rising edge of TXCLK and drives TXEN high to indicate valid transmit data on
TXD[3:0]. The transceiver will synchronously capture TXEN, TXER, and TXDI[3:0] on the falling edge of TXCLK.

On the receive path, the transceiver drives both the receive data, RXD[3:0], and the receive clock, RXCLK. The
controller captures in the receive data on the rising edge of RXCLK when the transceiver drives RXDV high.
The transceiver drives RXER high when a receive error is detected (e.g., an uncorrectable decoding error). The
transceiver synchronizes RXD[3:0], RXDV, and RXER to change on the falling edge of RXCLK.

The CRS and COL signals are asserted asynchronously to the clocks.

For timing information, refer to the MIl Timing section. Refer to Clause 22 of the IEEE Std 802.3-2018 IEEE Standard
for Ethernet specification for additional Mll information.

Note: Many modern controllers, often found on switches, implement a reduced pin MII assuming full-duplex point-
to-point operation. These interfaces, known as MllI-Lite, do not include the required CRS and COL signals for
10BASE-T1S half-duplex operation. Back-to-back connection of two half-duplex transceivers is also not supported
due to the CRS and COL requirement.

Note: The connection of a 10 kQ pull-down resistor on TXEN is recommended to prevent incidental transmission if
the MAC does not actively pull-down or drive this pin low at all times during its reset and initialization.

Related Links
7.6.6 MIl Timing

Reduced Media Independent Interface (RMIl)

The integrated Reduced Media Independent Interface (RMII) provides a common low pin count interface between the
physical layer and MAC layer devices, adhering to the RMII Specification Revision 1.2. RMII reduces the pin count of
MII while retaining a serial management interface (MDIO/MDC) identical to MIl. PLCA is fully supported through the
RMII.

The RMII has the following characteristics:

» A single 50 MHz clock reference is used for both transmit and receive
» It provides independent 2-bit (di-bit) wide transmit and receive data paths

The RMII includes the following interface signals:
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* Transmit Data - TXD[1:0]

* Transmit Enable - TXEN

* Receive Data - RXD[1:0]

* Receive Error - RXER

» Carrier Sense / Data Valid - CRSDV

For timing information, refer to the RMII Timing section. Refer to the RMII Specification Revision 1.2 for additional
information.

When operating in RMIl mode, the LAN8670/1 REFCLKIN pin must be connected to a 50 MHz reference clock
source. This clock source may be driven by the MAC or from a common oscillator driving both the MAC and
LAN8670/1. When a common oscillator is utilized, it is recommended to match the length of the PCB traces from the
source to the LAN8670/1 and MAC to within 0.5 inches (13 mm). Care should be taken when laying out the board to
prevent the LAN8670/1 clock from becoming a victim of crosstalk as any noise introduced to the clock input of the
LAN8670/1 could become radiated onto the network.

The CRSDV pin combines both carrier sense and receive data valid. On carrier sense, the CRSDV pin is asserted
asynchronously to the 50 MHz reference clock. Thereafter, CRSDV is only negated synchronously to the reference
clock. Carrier sense is indicated by the assertion of CRSDV during which the first di-bit of a data nibble is presented
on RXD[1:0]. Similarly, receive data valid is indicated by the assertion of CRSDV when the second di-bit of a data
nibble is presented on RXD[1:0]. See the RMII Specification Revision 1.2.

A collision is signaled on RMII by the assertion of carrier sense when the MAC is asserting TXEN. A half-duplex RMI|
MAC must be able to properly derive the collision indication from CRSDV and TXEN.

Note: The connection of a 10 kQ pull-down resistor on TXEN is recommended to prevent incidental transmission if
the MAC does not actively pull-down or drive this pin low at all times during its reset and initialization.

Related Links
7.6.7 RMII Timing

Serial Management Interface (SMI)

The Serial Management Interface (SMI) is used to control the device and obtain its status. This interface supports the
standard PHY registers required by Clause 22 of IEEE Std 802.3, as well as “vendor-specific” registers allowed by
the specification. Unimplemented registers will be read as hexadecimal “0000”. Device registers are detailed in the
Register Descriptions section.

At the system level, SMI provides two signals: MDIO and MDC. The MDC signal is an aperiodic clock provided

by the station management entity (STA). MDIO is a bi-directional data SMI input/output signal that receives serial
data (commands) from the STA and sends serial data (status) to the STA. The minimum time between edges of the
MDC is 100 ns. There is no maximum time between edges. The minimum cycle time (i.e., the time between two
consecutive rising or two consecutive falling edges) is 250 ns. These modest timing requirements allow this interface
to be easily driven by the I/O port of a microcontroller.

The data on the MDIO line is latched on the rising edge of the MDC. The management frame structure and timing is
shown in the following figures. The timing relationships of the MDIO signals are further described in the SMI Timing
section of the Operational Characteristics AC Specifications.

Figure 4-1. SMI Timing and Frame Structure - READ Cycle

MDC i i i i . LU
MDIO 3275 | 0 [T 1 | 0 XAXAEIXAZXATXATKRAXREXRIXRIXRD—— 0 A6BXEEX ...
Preambleé ?:tart of oP H PHY Address Register Address Turn Data
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Figure 4-2. SMI Timing and Frame Structure - WRITE Cycle
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Related Links
5. Register Descriptions
7.6.8 SMI Timing

Clause 45 Register Access

The LAN8670/1/2 only supports the MDIO management frame protocol defined in IEEE Std 802.3 Clause 22.
Registers mapped into IEEE Std 802.3 Clause 45 MDIO Managed Devices (MMD) are accessed indirectly through
the MMD Access Control (MMDCTRL) and MMD Access Address/Data (MMDAD) registers as described in IEEE Std
802.3 Annex 22D.

MMD Register Read
The following process is used to indirectly read Clause 45 registers using the Clause 22 access mechanism.
1. Write the MMD Access Control register with the MMD Function (FNCTN) field set to 00b and the Device
Address (DEVID) field with the MDIO Management Device (MMD) address.
2. Write the address of the desired register to be read into the MMD Access Address/Data register.
3.  Write the MMD Access Control register with the MMD Function field set to 01b, 10b, or 11b.
4. Read the contents of the MMD’s selected register from the MMD Access Address/Data register.

Subsequent reads from the MMD Access Address/Data register will continue to reread and return the value of the
selected MMD register when the MMD Function field is set to 01b or 11b. When the MMD Function field is set to
10b, the MMD register address will be incremented following every read causing subsequent reads from the MMD
Access Address/Data register to return data from the next higher MMD register.

MMD Register Write
The following process is used to indirectly write Clause 45 registers using the Clause 22 access mechanism.
1. Write the MMD Access Control register with the MMD Function (FNCTN) field set to 00b and the Device
Address (DEVID) field with the MDIO Management Device (MMD) address.
2. Write the address of the desired register to be written into the MMD Access Address/Data register.
3. Write the MMD Access Control register with the MMD Function field set to 01b, 10b, or 11b.

Subsequent writes to the MMD Access Address/Data register will continue to write to the selected MMD register
when the MMD Function field is set to 01b. When the MMD Function field is set to 10b or 11b, the MMD register
address will be incremented following every write causing subsequent writes to the MMD Access Address/Data
register to write data to the next higher MMD register.

Related Links

5.1.5 MMDCTRL
5.1.6 MMDAD

Interrupt Management

The LAN8670/1/2 supports multiple interrupt capabilities which are not part of the IEEE 802.3 specification. An active
low asynchronous interrupt signal may be generated on the IRQ_N pin when selected status events are detected as
configured by the Interrupt Mask Registers.
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To assert an interrupt for a given event in the Status 1 (STS1) and Status 2 (STS2) registers, the corresponding
mask bit in the Interrupt Mask 1 (IMASK1) and Interrupt Mask 2 (IMSK2) registers must be written to ‘0’ to enable
the interrupt. When the associated event occurs setting the status bit, the IRQ_N pin will also be asserted. When
the event to negate the status bit is true, or the corresponding bit in the Interrupt Mask Register is set disabling the
interrupt, the IRQ_N pin will be deasserted.

All interrupts are disabled (masked) following a reset with the exception of the Reset Complete interrupt mask bit.
The Reset Complete interrupt mask is ‘0’ by default such that the IRQ_N pin will be asserted following a reset event
setting the Reset Complete status bit. This may be used to alert the station management entity that the LAN8670/1/2
has been reset and is available for configuration.

Related Links
5.4.2 STS1
5.4.3 STS2
5.4.5 IMSK1
5.4.6 IMSK2

Resets

The device provides the chip-level reset sources described in the following sections.

Power-On Reset (POR)

A Power-On Reset occurs whenever power is initially applied to the device, or if power is removed and reapplied to
the device. A timer within the device will assert the internal reset for approximately 2 ms. Configuration straps are
loaded by this reset and must adhere to the timing requirements specified in Power-On Configuration Strap Timing
when not using the external pin reset (RESET_N).

After power-on, the POR initially negates after the rising threshold is passed. In the event that the supply drops below
the falling threshold, the POR asserts. The POR stays asserted until the rising threshold is once again crossed. The
rising and falling thresholds are listed in Table 4-1.

Table 4-1. POR Supply Thresholds

“ Rising Threshold! Falling Threshold!

VDDA 2.5V 2.4V
1.8V? 1.6V 1.3V

Notes:
1. Rising and falling threshold voltages are design parameters and are neither tested nor characterized.
2. The internal 1.8V supply cannot be monitored externally.

Related Links
7.6.3 Power-On Configuration Strap Timing

External Pin Reset (RESET_N)

A hardware reset will occur when the RESET_N pin is asserted. The RESET_N pin must be connected externally
to VDDP if unused. If used, the RESET_N pin must be driven for a minimum period as defined in the RESET_N
Configuration Strap Timing section. Configuration straps are loaded by the reset.

Related Links
7.6.4 RESET_N Configuration Strap Timing

Software Reset
The software reset is available via the PHY Soft Reset (SW_RESET) bit in the Basic Control register.

Configuration straps are not loaded by a software reset.
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Related Links
5.1.1 BASIC_CONTROL

Power Management
A summary of the device’s available power states is provided in the table below.

Table 4-2. Power Management States

T T R

RESET » The device is in this state when the RESET_N pin is asserted
ACTIVE » The device is fully active
Initialization

When the device is in a reset state, the IRQ_N interrupt pin is high-impedance and will be pulled high through an
external pull-up resistor. Once all device reset sources are deasserted, the device will begin its internal initialization.
The device will assert the Reset Complete (RESETC) bit in the Status 2 (STS2) register to indicate that it has
completed its internal initialization and is ready for configuration. As the Reset Complete status is non-maskable, the
IRQ_N pin will always be asserted and driven low following a device reset.

At the system level, the station management entity should respond to all assertions of the IRQ_N pin with a read of
critical status registers through the Serial Management Interface (SMI), including the Status 2 register. Upon reading
of the Status 2 register, the pending Reset Complete status bit will be automatically cleared causing the IRQ_N pin
to be released and pulled high again. The station management entity may then continue to configure the device
registers through the Serial Management Interface. See Figure 4-3 for an illustration of the device reset, initialization,
and configuration process.

Figure 4-3. Initialization and Configuration Sequence
RESET N, POR, or \ v -
Software Reset /‘

INT_N—\‘ /T

| |
SMI \ Read MMD 31,8TS2  / \ Configuration Writes

Related Links
5.4.3 STS2
4.5 Resets

Clock Manager
The Clock Manager generates the internal clocks from an external reference source.

Crystal Pins (XTI/XTO)

The XTI and XTO crystal oscillator pins are used to connect a 25.0 MHz clock source for Ml operation. The crystal
oscillator should be in a fundamental, parallel resonant mode. Figure 4-4 depicts the external circuitry connected to
the LAN8670/1/2 oscillator circuit. Since the internal inverter/amplifier is operated in its linear region, external series
resistors should not be used as they will lower the gain and could cause start-up problems. Several factors must be
considered when selecting a crystal including load capacitance, oscillator margin, cut, and operating temperature.
The crystal frequency must be 25.0 MHz.

If an external clock oscillator is used in lieu of a crystal oscillator, it must be connected to the XTI pin. The clock must
be stable prior to the negation of reset and remain stable for proper operation. In addition, the XTO pin should float
and have minimal capacitance (see Figure 4-4).
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Figure 4-4. Crystal Oscillator Input
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Related Links
6.4 Crystal Oscillator Selection
7.8.1 Crystal Specifications

Reference Clock (REFCLKIN)

The REFCLKIN pin is used to connect an external 50.0 MHz reference clock source for RMII operation. The clock
source must be stable prior to the negation of reset and remain stable for proper operation. In addition, the LAN8670
XTO pin should float and have minimal capacitance (<10 pF).

Reference clock requirements are found in the RMII REFCLKIN Requirements section.

Related Links
7.8.2 RMII REFCLKIN Requirements

Physical Layer Collision Avoidance (PLCA)

PLCA operates in conjunction with a CSMA/CD MAC to actively avoid collisions among half-duplex stations (known
as PLCA nodes) allowing for greater network utilization. Each node on the network segment (i.e., collision domain)

is assigned a unique Local ID. Transmit opportunities are then granted to each node in sequence based on their
Local ID. The node configured as Local ID = 0 is known as the PLCA coordinator. The role of the PLCA coordinator
is to transmit a periodic synchronizing BEACON onto the physical media. All other nodes are referred to as a PLCA
follower as they follow the synchronization of the coordinator. Once the BEACON has been received on the segment,
all nodes begin counting transmit opportunities beginning with zero. Nodes detect their assigned transmit opportunity
by counting the number of opportunities that have passed since the transmission of the BEACON by the PLCA
coordinator. Each node may transmit when the number of transmit opportunities counted since the BEACON matches
the Local ID assigned to the node. Within each transmit opportunity, the node assigned the current opportunity may
either transmit a packet or yield. Once the node has transmitted a packet (or yielded), each node increments the
transmit opportunity counter and the transmit opportunity goes to the next node. The first transmit opportunity of
zero allows node with Local ID = 0 to transmit. Once a fixed number of transmit opportunities has been provided,

the PLCA coordinator will transmit another BEACON starting the cycle over again. A BEACON followed by a fixed
number of transmit opportunities is known as a PLCA bus cycle.

On multidrop topologies with multiple nodes connected to a shared media mixing segment, PLCA enables a fairness
in opportunity to transmit such that one node cannot transmit more than one frame without each of the other nodes
also being granted an opportunity to transmit. An exception to this is that PLCA also allows individual nodes, if
desired within the engineered network segment, to be configured to transmit a burst of frames within a single transmit
opportunity.

PLCA is enabled by setting the PLCA Enable bit in the PLCA Control 0 (PLCA_CTRLDO) register. The node Local ID
is configured within the PLCA Local ID (ID) field of the PLCA Control 1 (PLCA_CTRL1) register and must be

unique within the PLCA network segment to successfully avoid collisions. Additionally, the Local ID must be less

than the number of transmit opportunities in each bus cycle in order to be granted a transmit opportunity (see the
Node Count field of the PLCA Control 1 register). When the node is configured as the PLCA coordinator, then the
number of transmit opportunities within each PLCA bus cycle (period between successive BEACON transmissions) is
configured in the Node Count (NCNT) field of the PLCA Control 1 register.

The time for each transmit opportunity is configured within the PLCA Transmit Opportunity Timer (PLCA_TOTMR)
register. The transmit opportunity timer must be set equal among all nodes in the PLCA collision domain to maintain
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synchronization among the nodes. The default transmit opportunity timer value is appropriate for segments specified
in IEEE 802.3 Clause 147 and should only be changed in special circumstances.

When PLCA has been enabled on a node, the PLCA Status bit in the PLCA Status (PLCA_STS) register will indicate
if the node is actively receiving a periodic PLCA BEACON. This may be useful for diagnosing a misbehaving PLCA
network segment.

Related Links

4.9.1 PLCA Burst Mode
5.4.14 PLCA_CTRLO
5.4.15 PLCA _CTRL1
5.4.17 PLCA TOTMR
5.4.16 PLCA _STS

PLCA Burst Mode

Some applications, such as sensors or audio, may require the transmission of frequent small frames with a limited
latency. As PLCA enables only one transmit opportunity for each node in each bus cycle, these applications may
experience significant latency when they are connected onto a multidrop mixing segment with applications that
transmit large packets. For example, an audio application may require the transmission of eight stereo 16-bit audio
samples as 64 byte packets every 167 ys with minimal latency. When another node on the segment transmits a 1500
byte packet it will occupy the channel for 1.2 ms. The audio application will therefore buffer seven audio packets
during the time that the channel is occupied. With standard PLCA, the audio application will only be able to transmit
one of its audio packets during the next PLCA bus cycle. The result is that each successive audio packet the audio
application needs to transmit is delayed with increasing latency.

One solution to this problem is to allow specific nodes to transmit more than one packet during its transmit
opportunity. This ability to transmit a burst of multiple packet allows the audio application in the above example

to empty its buffers and transmit all audio packets that it has queued, preventing the latency of the audio packets to
grow beyond a tolerable limit.

The ability to transmit packets in a burst is configurable individually for each node on the segment. The Maximum
Burst Count (MAXBC) field in the PLCA Burst Mode (PLCA_BURST) register configures the maximum number of
additional packets allowed to transmit in each of the node’s transmit opportunities. This is in addition to the initial
packet that may be transmitted by the node in its transmit opportunity. Additionally, the Burst Timer (BTMR) field
configures the amount of time the node may transmit (COMMIT) to maintain a hold on its current transmit opportunity
after transmitting a packet to allow the MAC to transmit an additional packet. Once this timer expires, the node will
then yield the transmit opportunity to the next node.

Related Links
5.4.18 PLCA_BURST

Physical Layer Collision Avoidance (PLCA) Diagnostics

The LAN8670/1/2 PHY implements a number of features useful to the detection of PLCA misconfiguration on the
network segment. These features include error status indications and event counters.

The PLCA error status indicators are located in the Status 1 (STS1) register. Each indication also has an associated
interrupt mask bit in the Interrupt Mask 1 (IMSK1) register to enable an assertion on the IRQ_N interrupt pin when the
event is detected.

Each node of a PLCA segment must be assigned a unique node ID to properly avoid collisions. The device has the
ability to detect that another node is assigned the same Local ID by detecting the reception of a packet from the
network during its assigned transmit opportunity. When this condition occurs, the Receive in Transmit Opportunity
(RXINTO) status bit is set. Additionally, should a collision be detected while the device is transmitting in its assigned
transmit opportunity, the Transmit Collision (TXCOL) status bit will be set.

Multiple nodes configured and acting as PLCA Coordinators also cause problems. Multiple Coordinators on the
mixing segment will each transmit a BEACON according to its own PLCA bus cycle and timing. The result is that
each Coordinator will receive BEACONS that it did not transmit. When configured as a PLCA Coordinator, it will set
the Unexpected BEACON Received (UNEXPB) status bit to indicate the presence of another Coordinator on the
network segment.
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The PLCA Coordinator must be configured with the correct number of nodes on the segment to permit the proper
number of transmit opportunities per bus cycle. If the Coordinator is configured to allow for too few transmit
opportunities between BEACONSs, Follower nodes may not receive their assigned transmit opportunity. When the
device is operating as a PLCA Follower, if it detects a BEACON before its assigned transmit opportunity occurs

then the BEACON Received Before Transmit Opportunity (BCNBFTO) status bit is set to indicate that the configured
PLCA bus cycle is too small to allow the Follower to transmit.

When configured as a PLCA Follower, the PLCA Status (PST) bit in the PLCA Status (PLCA_STS) register will be
set as long as BEACONSs are regularly being received from a Coordinator. If BEACONSs are not received by the
device it will continue incrementing its transmit opportunity counter. When the transmit opportunity counter reaches
the maximum count of 255, it will then stop incrementing and a 13 ms timer started. If no BEACON is received after
the timer expires, the PLCA Status bit will be cleared. When the PLCA Status bit is zero, the device will revert to
CSMA/CD operation with PLCA deactivated. Once a BEACON is received the device will set the PLCA Status bit and
return to normal PLCA operation. Refer to Clause 148 of the IEEE 802.3cg specification for additional details.

Note: The PLCA Status (PST) bit cannot generate an interrupt assertion on the IRQ_N pin and must therefore be
polled by reading the PLCA Status (PLCA_STS) register.

Two event counters are implemented to aid the station controller in monitoring PLCA on the segment. These counters
include a transmit opportunity counter and a BEACON counter. Each counter is enabled by setting the corresponding
enable bit in the Counter Control (CTRCTRL) register. Writing a ‘1’ to the Transmit Opportunity Counter Enable
(TOCTRE) bit enables the transmit opportunity counter. The BEACON Counter Enable (BCNCTRE) bit enables the
BEACON counter when set.

When enabled, the Transmit Opportunity Count High/Low (TOCNTH/TOCNTL) registers will contain the number of
transmit opportunities the local PHY could have used to transmit since the last read. By polling the counter, the
station controller can monitor that PLCA is active and that the PHY can transmit packets when needed.

Similarly, the BEACON Count High/Low (BCNCNTH/BCNCNTL) register contains the number of received BEACONs
since the last read. The station controller can poll this counter to monitor the health of the PLCA Coordinator.
Related Links

5.4.2 STS1

5.4.5 IMSK1

5.4.16 PLCA_STS

5.4.7 CTRCTRL

5.4.8 TOCNTH

5.4.9 TOCNTL

5.4.10 BCNCNTH

5.4.11 BCNCNTL
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Register Descriptions
This chapter describes the various device registers, which are categorized as follows:
« SMI Basic Control and Status Registers (Clause 22)
* PMA/PMD Registers (MMD 1)
* PCS Registers (MMD 3)
* Miscellaneous Registers (MMD 31)

For details on register bit attribute notation, refer to the section Register Bit Types.

Related Links
1.3 Register Bit Types
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SMI Basic Control and Status Registers

The section describes the various SMI Control and Status Registers (CSRs). The SMI CSRs follow the IEEE 802.3
(Clause 22.2.4) management register set. All functionality and bit definitions comply with these standards.

ANWARNING

may result in adverse operation and unexpected results.

RESERVED address space must not be written under any circumstances. Failure to heed this warning

] N N N N S A

0x00

0x01

0x02

0x03
0x05
0x0C
0x0D
0x0E
0x10
0x11

0x12

AUTO_NEG_

RE_AUTO_N |DUPLEX_MO

1 W_RESET | LOOPBACK | SPD_SEL ISOLATE
BASIC_CONTROL 58 s S 00 CK | SPD_SELI0] EN S0 EG DE
7:0 COL_TEST | SPD_SEL[1]
100BASE-TX  100BASE-TX| 10BASE-T | 10BASE-T | 100BASE-T2 | 100BASE-T2  Extended
15:8 100BASE-T4
Full Duplex = Half Duplex | Full Duplex | Half Duplex = Full Duplex | Half Duplex Status
BASIC_STATUS MF_PRE_SU AUTO_NEG
7:0 - - - ~| RMT_FAULT | AUTO_NEG | LINK_STAT | JAB_DET EXT_CAP
P COMP - - - - -
PHY 1DO 15:8 OUI[2:9]
- 7:0 0OUI[10:17]
15:8 0uI[18:23] MODEL[5:4]
PHY_ID1
- 7:0 MODEL[3:0] REV[3:0]
Reserved
MMDCTRL 15:8 FNCTNI[1:0]
7:0 DEVADI[4:0]
15:8 ADR_DATA[15:8]
MMDAD
7:0 ADR_DATA[7:0]
Reserved
STRAP_CTRLO 158 MITYPLI]
- 7:0 MITYP[O0] PKGTYP[1:0] SMIADR[4:0]
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5.1.1 Basic Control
Name: BASIC_CONTROL
Address: 0x00
Clause 22 Basic Control Register
Bit 15 14 13 12 " 10 9 8
SW_RESET | LOOPBACK | SPD_SEL[0] |AUTO_NEG_E PD ISOLATE |RE_AUTO_NE |[DUPLEX_MOD
N G E
Access R/W SC R/W RO RO R/W R/W RO RO
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
COL_TEST | SPD_SEL[1] |
Access R/W RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 15— SW_RESET PHY Soft Reset

Writing a ‘1’ to this bit will initiate a software reset of the PHY. A software reset will restore all registers to their default
state, except for those fields identified as “NASR”.

Note: This bit is self-clearing. When setting this bit, do not set other bits in this register.

Value Description
0 Normal operation
1 PHY software reset

Bit 14 - LOOPBACK Near-End Loopback

When set, this bit enables a Near-End Loopback. When enabled, transmit data (TXD) pins from the MAC will be
looped back onto the receive data (RXD) pins to the MAC. In this mode, no signal is transmitted onto the network
media.

Value Description
0 Normal operation
1 Enable near-end loopback mode

Bit 13 — SPD_SEL[0] PHY Speed Select
Together with SPD_SEL[1], sets the network communication speed.
Note: Only 10 Mbit/s is supported. This bit is always ‘0’.

00 10 Mbit/s
01 100 Mbit/s
10 1000 Mbit/s
11 Reserved

Bit 12 - AUTO_NEG_EN Auto-Negotiation Enable
Note: Auto-negotiation is not supported. This bit is always ‘0’.

Value Description
0 Disable auto-negotiate process
1 Enable auto-negotiate process

Bit 11 — PD Power Down
Setting this bit will power down the PMA transceiver leaving the remainder of the device functional.
Note: This bit is the same as the Low Power Enable bit in the 10BASE-T1S PMA Control register.

Value Description
0 Normal operation
1 PMA is powered down
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Bit 10 — ISOLATE Electrical isolation of PHY from MII/RMII
When this bit is set, the PHY will electrically isolate its data paths from the MII/RMII.

Value Description
0 Normal operation (PHY is not electrically isolated from MII/RMII)
1 Electrical isolation of PHY from MII/RMII

Bit 9 — RE_AUTO_NEG Restart Auto-Negotiation
Note: Auto-negotiation is not supported. This bit is always ‘0’.

Value Description
0 Normal operation
1 Restart auto-negotiate process

Bit 8 - DUPLEX_MODE Duplex Mode
This bit configures the PHY for full-duplex or half-duplex network communication.
Note: Only half duplex operation is supported. This bit is always ‘0’.

Value Description
0 Half duplex
1 Full duplex

Bit 7 — COL_TEST Collision Test
When the Near-End Loopback is enabled (LOOPBACK), setting this bit will allow the COL pin to be tested. When the
Collision Test is enabled, asserting TXEN will cause the COL output to go high within 512 bit times. Negating TXEN
will cause the COL output to go low within 4 bit times. The Collision Test should only be enabled when Near-End
Loopback is enabled.

Value Description

0 Normal operation. Collision test is disabled.

1 Enable collision test

Bit 6 — SPD_SEL[1] PHY Speed Select
See description for SPD_SEL[0] for details.
Note: Only 10 Mbit/s operation is supported. This bit is always ‘0’.
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5.1.2 Basic Status
Name: BASIC_STATUS
Address: 0x01
Clause 22 Basic Status Register
Bit 15 14 13 12 1 10 9 8
100BASE-T4 | 100BASE-TX | 100BASE-TX | 10BASE-T Full | 10BASE-T Half| 100BASE-T2 | 100BASE-T2 Extended
Full Duplex Half Duplex Duplex Duplex Full Duplex Half Duplex Status
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 1 0 0 0
Bit 7 6 5 4 3 2 1 0
MF_PRE_SUP |AUTO_NEG_C| RMT_FAULT | AUTO_NEG LINK_STAT JAB_DET EXT_CAP
OMP
Access RO RO RO RO RO RO RC RO
Reset 1 0 0 0 0 1 0 1

Bit 15 — 100BASE-T4 100BASE-T4 Ability
Note: 100BASE-T4 operation is not supported. This bit is always ‘0’.

Value Description
0 PHY not able to operate at 100BASE-T4
1 PHY able to operate at 100BASE-T4

Bit 14 — 100BASE-TX Full Duplex 100BASE-TX Full Duplex Ability
Note: 100BASE-TX operation is not supported. This bit is always ‘0’.

Value Description
0 PHY not able to perform Full-Duplex 100BASE-TX
1 PHY able to perform Full-Duplex 100BASE-TX

Bit 13 — 100BASE-TX Half Duplex 100BASE-TX Half Duplex Ability
Note: 100BASE-TX operation is not supported. This bit is always ‘0’.

Value Description
0 PHY not able to perform Half-Duplex 100BASE-TX
1 PHY able to perform Half-Duplex 100BASE-TX

Bit 12 — 10BASE-T Full Duplex 10BASE-T Full Duplex Ability
Note: Full duplex operation is not supported. This bit is always ‘0.

Value Description
0 PHY not able to at 10 Mbit/s in Full-Duplex
1 PHY able to at 10 Mbit/s in Full-Duplex

Bit 11 — 10BASE-T Half Duplex 10BASE-T Half Duplex Ability
Note: Half duplex operation is supported. This bit is always ‘1°.

Value Description
0 PHY not able to at 10 Mbit/s in Half-Duplex
1 PHY able to at 10 Mbit/s in Half-Duplex

Bit 10 — 100BASE-T2 Full Duplex 100BASE-T2 Full Duplex Ability
Note: 100BASE-T2 operation is not supported. This bit is always ‘0’.

Value Description
0 PHY not able to operate at 100BASE-T2 in Full-Duplex
1 PHY able to operate at 100BASE-T2 in Full-Duplex
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Bit 9 — 100BASE-T2 Half Duplex 100BASE-T2 Half Duplex Ability
Note: 100BASE-T2 operation is not supported. This bit is always ‘0’.

Value Description
0 PHY not able to operate at 100BASE-T2 in Half-Duplex
1 PHY able to operate at 100BASE-T2 in Half-Duplex

Bit 8 — Extended Status Extended status information ability
Note: Extended status information is not available. This bit is always ‘0’

Value Description
0 No extended status information in register 0xOF
1 Extended status information in register OxOF

Bit 6 — MF_PRE_SUP Management Frame Preamble Suppression Ability
Note: Management frame preamble suppression is not supported. This bit is always ‘0’.

Value Description
0 PHY will not accept management frames with preamble suppressed
1 PHY will accept management frames with preamble suppressed

Bit 5 - AUTO_NEG_COMP Auto-Negotiation Complete
Note: Auto-negotiation is not supported. This bit is always ‘0’.

Value Description
0 Auto-negotiation process has not completed
1 Auto-negotiation process has completed

Bit 4 - RMT_FAULT Remote Fault Detection
Note: Remote fault detection is not supported. This bit is always ‘0.

Value Description
0 No remote fault condition detected
1 Remote fault condition detected

Bit 3 — AUTO_NEG Auto-Negotiation Ability
Note: Auto-negotiation is not supported. This bit is always ‘0’.

Value Description
0 PHY is not able to perform auto-negotiation
1 PHY is able to perform auto-negotiation

Bit 2 — LINK_STAT Link Status
Note: Link status indication is not supported. This bit is always ‘1'.

Value Description
0 Network link is down
1 Network link is up

Bit 1 — JAB_DET Jabber Detection Status
This bit is set on detection of a jabber condition.

Value Description
0 No jabber condition detected
1 Jabber condition detected

Bit 0 - EXT_CAP Extended Capabilities Ability
Note: Extended capabilities registers are supported. This bit is always ‘1'.

Value Description
0 Extended capabilities registers not supported. Basic capabilities registers only.
1 Extended capabilities registers supported in addition to basic capabilities registers.
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5.1.3

Bit

Access
Reset

Bit

Access
Reset

PHY Identifier 0 Register

Bits 15:8 — OUI[2:9] Organizationally Unique Identifier
This field contains the 3 through the 101" bits of the Organizationally Unique Identifier (OUI) as specified in IEEE Std

802.3 Clause 22. OUI = 00800Fh

Bits 7:0 — OUI[10:17] Organizationally Unique Identifier
This field contains the 11t through the 18! bits of the Organizationally Unique Identifier (OUI) as specified in IEEE

Std 802.3 Clause 22. OUI = 00800Fh

Name: PHY_IDO
Address: 0x02
15 14 13 12 1" 10 9 8
0OUI[2:9]
RO RO RO RO RO RO RO RO
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
OUI[10:17]
RO RO RO RO RO RO RO RO
0 0 0 0 0 1 1 1
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514

Bit

Access
Reset

Bit

Access
Reset

PHY Identifier 1 Register

Name: PHY_ID1
Address: 0x03
15 14 13 12 " 10 9 8
0OUI[18:23] MODEL[5:4]
RO RO RO RO RO RO RO RO
1 1 0 0 0 0 0 1
7 6 5 4 3 2 1 0
MODEL[3:0] REV[3:0]
RO RO RO RO RO RO RO RO
0 1 1 0 0 0 1 0

Bits 15:10 — OUI[18:23] Organizationally Unique Identifier
This field contains the 19t through the 24t bits of the Organizationally Unique Identifier (OUI) as specified in IEEE
Std 802.3 Clause 22. OUI = 00800Fh

Bits 9:4 —- MODEL[5:0] Manufacturer’s Model Number
Six-bit manufacturer’s model / product identification number

Value Description

010110 LAN8670/1/2

Bits 3:0 — REV[3:0] Manufacturer’s Revision Number
Four-bit manufacturer’s silicon revision identification number
Note: The default value of the this field varies dependent on the silicon revision number.

Value Description

0000 Silicon revision 0
0010 Silicon revision 2
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5.1.5 MMD Access Control Register

Name: MMDCTRL
Address: 0x0D

Bit 15 14 13 12 11 10 9 8
FNCTN[1:0]

Access R/W R/W RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

DEVAD[4:0]

Access RO RO RO R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bits 15:14 — FNCTN[1:0] MMD Function
This field specifies the action to be performed when reading or writing the MMD Access Address/Data register.

00 Address

01 Data - No post increment

10 Data - Post increment on reads and writes
11 Data - Post increment on writes only

Bits 4:0 — DEVAD[4:0] Device Address
Address of the MDIO Manageable Device to access.
Value Description

00001 PMA/PMD

00010 PCS

11111 Vendor Specific 2

Others Reserved - do not access

© 2021 Microchip Technology Inc. Datasheet DS60001573C-page 36
and its subsidiaries



LAN8670/1/2

Register Descriptions

5.1.6

Bit

Access
Reset

Bit

Access
Reset

MMD Access Address/Data Register

Name:
Address: 0x0E

MMDAD

15 14 13 12 11 10 9 8
ADR_DATA[15:8]

RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

ADR_DATA[7:0]

RIW RIW RIW RIW RIW RIW RIW RIW

0 0 0 0 0 0 0 0

Bits 15:0 —- ADR_DATA[15:0] MMD Address / Data
Functionality depends on the MMD Function (FNCTN) bits in the MMD Access Control (MMDCTRL) register as

specified in IEEE Std 802.3 Annex 22D:
* 00b = Writing this field sets the offset of the register within the MMD to access

* 01b, 10b, 11b = When written, the contents are written into the MMD register

* 0lb, 10b, 11b = When read, the contents from the MMD register are returned

Related Links
5.1.5 MMDCTRL
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51.7 Strap Control 0 Register
Name: STRAP_CTRLO
Address: 0x12
Bit 15 14 13 12 1" 10 9 8
MITYP[1] |
Access RO RO RO RO RO RO RO R/W
Reset 0 0 0 0 0 0 0 X
Bit 7 6 5 4 3 2 1 0
MITYP[O] | PKGTYP[1:0] SMIADR[4:0]
Access R/W R/W NASR R/W NASR R/W NASR R/W NASR R/W NASR R/W NASR R/W NASR
Reset X X X X X X X X

Bits 8:7 — MITYP[1:0] Media Interface Type

This field indicates the media interface type as defined by the product package and state of the MODE configuration
straps at reset.

Note: The default is determined by the MODE[1:0] configuration strap pins. This bit field defaults to 01b on the
LAN8671 as the device may only be configured for use in RMIl mode. Similarly, this bit field defaults to 10b on the
LAN8672 as the device may only be configured for use in MIl mode. Refer to the section on configuration straps for
additional information.

Important: This field shall not be written to any value except its default value on reset.

Value Description

00b Undefined

01b RMII with 50 MHz REFCLKIN
10b Mil with 25 MHz crystal
11b Undefined

Bits 6:5 - PKGTYP[1:0] Package Type
This field indicates the product and package type.
Note: The default value is specific to the product.

Important: This field shall not be written to any value except its default value on reset.

Value Description

00b Undefined

01b 32-pin LAN8670
10b 24-pin LAN8671
11b 36-pin LAN8672

Note: This register is not affected by soft reset (SW_RESET).

Bits 4:0 —- SMIADR[4:0] Serial Management Interface Address
Note: The default value is determined by the state of the PHYADNn PHY Address configuration strap pins at reset.
Refer to the section on configuration straps for additional information.

Note: This register is not affected by soft reset (SW_RESET).
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When writing to other fields of this register, be sure to read this field and write it with the read value (i.e.,

4 cAuTIoN read-modified write).

Related Links
3.5 Configuration Straps
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PMA/PMD Registers
The PMA/PMD registers are located at MDIO Manageable Device (MMD) address 0x01.

/AWARNING

RESERVED address space must not be written under any circumstances. Failure to heed this warning
may result in adverse operation and unexpected results.

I e A N I N N N BN

0x00
0x11
0x12
0x14
0x0833
0x0834

0x0836
0x08F8
0x08F9

0x08FA

0x08FB

Reserved

PMA_PMD_EXT A| 15:8

BILITY 7:0 T1SABL T1LABL
Reserved
15:8
T1PMAPMDCTL
7.0 TYPSEL[3:0]
Reserved
15:8 RST TXD LPE MDE
T1SPMACTL
7:0 LBE
15:8 LBA LPA MDA RXFA
T1SPMASTS
7:0 RXFD
T1STSTCTL 15:8 TSTCTL[2:0]
7:0
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5.21 BASE-T1 PMA/PMD Extended Ability
Name: PMA_PMD_EXT_ABILITY
Address: 0x0012
Bit 15 14 13 12 1 10 9 8
| | | | | | | |
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
T1SABL T1LABL
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 1 0 0 0
Bit 3 — TISABL 10BASE-T1S Ability
Value Description
0 PMA/PMD is not able to perform 10BASE-T1S operation
1 PMA/PMD is able to perform 10BASE-T1S operation
Note: This bitis always 1.
Bit 2 — TILABL 10BASE-T1L Ability
Value Description
0 PMA/PMD is not able to perform 10BASE-T1Loperation
1 PMA/PMD is able to perform 10BASE-T1L operation

Note: 10BASE-T1L operation is not supported. This bit is always O.

© 2021 Microchip Technology Inc. Datasheet

and its subsidiaries

DS60001573C-page 41



LAN8670/1/2

Register Descriptions

5.2.2 BASE-T1 PMA/PMD Control

Name: T1PMAPMDCTL
Address: 0x0834

Bit 15 14 13 12 11 10 9 8
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
TYPSEL[3:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 1 1

Bits 3:0 — TYPSEL[3:0] Type Selection

Note: Only 10BASE-T1S operation is supported. This field is always 001 1b.

Value Description

0000b 100BASE-T1
0001b 1000BASE-T1
0010b 10BASE-T1L
0011b 10BASE-T1S
01xxb Reserved
1xxxb Reserved
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5.2.3

Bit

Access
Reset

Bit

Access
Reset

10BASE-T1S PMA Control

Name: T1SPMACTL
Address: 0x08F9

15 14 13 12 1" 10 9 8
RST TXD LPE MDE
R/W SC R/W RO RO R/W R/W RO RO
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
LBE
RO RO RO RO RO RO RO RW
0 0 0 0 0 0 0 0

Bit 15 — RST PMA Reset
Note: This bit is self-clearing. When setting this bit, do not set other bits in this register.

Value Description
0 Normal Operation
1 PMA Reset

Bit 14 — TXD Transmit Disable

Value Description
0 Normal operation
1 Transmit disable

Bit 11 — LPE Low Power Enable
Setting this bit will power down the PMA transceiver.
Note: This bit has the same effect as the Power Down bit in the Clause 22 BASIC_CONTROL register.

Value Description
0 Normal operation
1 Place PMA into low-power mode

Bit 10 — MDE Multidrop Enable

Value Description
0 Disable mixing segment operation (point-to-point mode)
1 Enable PMA multidrop (mixing segment) operation

Bit 0 - LBE PMA Loopback Enable

Value Description
0 Disable PMA loopback mode
1 Enable PMA loopback mode
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5.24 10BASE-T1S PMA Status

Name: T1SPMASTS
Address: 0x08FA
Bit 15 14 13 12 11 10 9 8
LBA LPA MDA RXFA
Access RO RO RO RO RO RO RO RO
Reset 0 0 1 0 1 1 0 0
Bit 7 6 5 4 3 2 1 0
RXFD
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 13 — LBA PMA Loopback Ability

Value Description
0 PHY does not support PMA loopback mode
1 PHY supports PMA loopback mode

Bit 11 — LPA Low Power Ability
Value Description

0 PMA does not have low power ability
1 PMA has low power ability

Bit 10 — MDA Multidrop Ability
Value Description
0 PMA does not support mixing segment operation (point-to-point only)
1 PMA supports multidrop (mixing segment) operation

Bit 9 — RXFA Receive Fault Ability

Value Description

0 PHY does not have the ability to detect PMA faults

1 PHY has the ability to detect faults in the PMA receive path

Bit 1 — RXFD Receive Fault Detection
Value Description

0 No PMA fault detected

1 PMA fault condition detected
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5.25 T1S Test Mode Control

Name: T1STSTCTL
Address: 0x08FB

Bit 15 14 13 12 11 10 9 8
TSTCTL[2:0]
Access R/W R/W R/W RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 15:13 — TSTCTL[2:0] Test Mode Control

Note: For a description of the test modes, refer to Clause 147.5.2 of the IEEE 802.3cg™-2019 Amendment 5:
Physical Layers Specifications and Management Parameters for 10 Mb/s Operation and Associated Power Delivery

over a Single Balanced Pair of Conductors.

Value Description

000 Normal (non-test) operation
001 Test mode 1

010 Test mode 2

011 Test mode 3

100 Test mode 4

101 Reserved

11x Reserved
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0x00
0x08F2
0x08F3
0x08F4

0x08F5

0x08F6
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PCS Registers
The PCS registers are located at MDIO Manageable Device (MMD) address 0x03.

/AWARNING

RESERVED address space must not be written under any circumstances. Failure to heed this warning
may result in adverse operation and unexpected results.

I e A N I N N N BN

Reserved
T1SPCSCTL 15:8 RST LBE DUPLEX
7:0
15:
T1SPCSSTS 58
7:0 FAULT
T1SPCSDIAGH 15:8 RMTJABCNT[15:8]
7:0 RMTJABCNT[7:0]
15: :
T1SPCSDIAG2 58 CORTXCNT[15:8]
7:0 CORTXCNT[7:0]
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5.3.1

Bit

Access
Reset

Bit

Access
Reset

10BASE-T1S PCS Control

Name: T1SPCSCTL

Address: 0x08F3

15 14 13 12 1" 10 9 8
RST LBE DUPLEX
R/W SC R/W RO RO RO RO RO RO
0 0 0 0 0 0 0 1
7 6 5 4 3 2 1 0
RO RO RO RO RO RO RO RO
0 0 0 0 0 0 0 0

Bit 15— RST PCS Reset
Note: This bit is self-clearing. When setting this bit, do not set other bits in this register.

Value Description

0 Normal Operation
1 PCS reset

Bit 14 — LBE PCS Loopback Enable
Value Description
0 Disable PCS loopback mode
1 Enable PCS loopback mode

Bit 8 - DUPLEX Duplex Mode
Note: Only half-duplex operation is supported.

Value Description

0 Full-duplex operation
1 Half-duplex operation
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5.3.2 10BASE-T1S PCS Status

Name: T1SPCSSTS
Address: 0x08F4

Bit 15 14 13 12 11 10 9 8
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
FAULT
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 7 — FAULT PCS Fault Indication

Value Description

0 No PCS fault detected
1 PCS fault condition detected
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10BASE-T1S PCS Diagnostic 1

5.3.3
Name: T1SPCSDIAG1
Address: 0x08F5
Bit 15 14 13 12 11 10 9 8
RMTJABCNT[15:8]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RMTJABCNT[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - RMTJABCNT[15:0] Remote Jabber Count

saturate at OxFFFF.

Field counting the number of remote jabber errors (ESDJAB) received since the last read of the register. This field will
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5.3.4 10BASE-T1S PCS Diagnostic 2

Name: T1SPCSDIAG2

Address: 0x08F6

Bit 15 14 13 12 11 10 9 8
CORTXCNT[15:8]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CORTXCNT[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - CORTXCNT[15:0] Corrupted Transmit Count
Field containing the number of times a locally initiated transmission resulted in a corrupted signal at the MDI.
Corruption during transmission would typically be due to collisions. This field is self-clearing when read. This field will

saturate at OxFFFF.
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Register Descriptions

Miscellaneous Registers

The miscellaneous registers are located at MDIO Manageable Device (MMD) address Ox1F.

/AWARNING

RESERVED address space must not be written under any circumstances. Failure to heed this warning
may result in adverse operation and unexpected results.

I e A N I N N N BN

0x00
0x0F
0x10
0x12
0x17
0x18
0x19
0x1A

0x1C

0x1D
Ox1F
0x20

0x22
0x23
0x24
0x25

0x26

0x27

0x29
0xCA
0xCB
0xCD
0xC9FF
0xCA00
0xCAO01
0xCA02

0xCA03

0xCA04

Reserved
15:8
CTRL1
7:0 DIGLBE
Reserved
STSH 15:8 TXCOL TXJAB
7:0 EMPCYC RXINTO UNEXPB BCNBFTO PLCASYM ESDERR DEC5B
15:8 RESETC
STS2
7:0
15:8
STS3
7:0 ERRTOID[7:0]
IMSKA 15:8 TXCOLM TXJABM
7:0 EMPCYCM | RXINTOM UNEXPBM | BCNBFTOM PLCASYMM & ESDERRM DEC5BM
15: RESETCM
IMSK2 58 SETC
7:0
Reserved
CTRCTRL 158
7:0 TOCTRE BCNCTRE
Reserved
15: T :
TOCNTH 5:8 OCNT[31:24]
7:0 TOCNT[23:16]
15:8 TOCNT[15:8]
TOCNTL
7:0 TOCNT[7:0]
15: B :
BENCNTH 5:8 CNCNT[31:24]
7:0 BCNCNT[23:16]
15:8 BCNCNT[15:8]
BCNCNTL
7:0 BCNCNT[7:0]
Reserved
15: PDRVA4[1: : :
PADCTRL3 5:8 [1:0] PDRV3[1:0] PDRV2[1:0] PDRV1[1:0]
7:0
Reserved
15:8 IDM[7:0]
MIDVER
7:0 VER([7:0]
15: EN RST
PLCA_CTRLO 58 S
- 7:0
15:8 NCNTI[7:0
PLCA_CTRLA1 [7:0]
- 7:0 ID[7:0]
15:8 PST
PLCA_STS
- 7:0
15:8
PLCA_TOTMR
- 7:0 TOTMRJ[7:0]
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........... continued
pcaroes | dame  Jompos | 7 | o | s | 4 ]| = [ 2 | 1 ]| o |
0XxCA05 | PLCA BURST 15:8 MAXBCI7:0]
) - 7:0 BTMR[7:0]
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5.4.1 Control 1 Register

Name: CTRLA1
Address: 0x0010

Bit 15 14 13 12 11 10 9 8
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
DIGLBE
Access RO RO RO RO RO RO R/W RO
Reset 0 0 0 0 0 0 0 0

Bit 1 — DIGLBE Digital Loopback Enable
Enables a digital loopback from the differential Manchester encoder to the decoder.

Value Description

0 Normal operation

1 Digital loopback enabled
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5.4.2

Bit

Access
Reset

Bit

Access
Reset

Status 1 Register

Name: STS1
Address: 0x0018

15 14 13 12 1" 10 9 8
TXCOL TXJAB

RO RO RO RO RO RC RC RO

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

EMPCYC RXINTO UNEXPB BCNBFTO PLCASYM ESDERR DECS5B

RC RC RC RC RO RC RC RC

0 0 0 0 0 0 0 0

Bit 10 — TXCOL Transmit Collision Status
Physical collision on the network was detected. This does not include logical collisions due to normal operation of

)
-
O
‘

Value Description
0 No collision detected during transmit
1 Collision detected during transmit

Bit 9 — TXJAB Transmit Jabber Status
This bit indicates the occurrence of a transmit jabber condition. A jabber condition occurs when the PHY detects that
the PCS has remained in the transmit state longer than 2 ms.

Value Description
0 No transmit jabber detected
1 Transmit jabber detected

Bit 7 - EMPCYC PLCA Empty Cycle Status
This bit indicates the detection of an empty PLCA bus cycle. An empty bus cycle occurs when the node detects no
transmissions in any of the possible transmit opportunities between two successive BEACONSs.

Value Description

0 An empty PLCA cycle has not been detected

1 An empty PLCA cycle has been detected

Bit 6 — RXINTO Receive in Transmit Opportunity
This bit indicates the detection of another node transmitting in this node’s local assigned transmit opportunity. This
could indicate multiple nodes being assigned the same Local ID.

Value Description

0 Another node has not been detected transmitting in this node’s TO

1 Another node has been detected transmitting in this node’s TO

Bit 5 — UNEXPB Unexpected BEACON Received

When configured as the PLCA coordinator in charge of transmitting the periodic coordinating BEACON:Ss, this bit
indicates the detection of an unexpected BEACON on the segment. This condition may be due to the configuration of
multiple PLCA coordinators on the segment.

Value Description
0 Another node on the segment has not been detected transmitting a BEACON
1 Another node on the segment has been detected transmitting a BEACON

Bit 4 — BCNBFTO BEACON Received Before Transmit Opportunity

This bit indicates the detection of a BEACON before the node’s assigned transmit opportunity. This condition could
indicate the configuration of multiple PLCA coordinators on the segment. Other conditions that may cause this to
occur include a PLCA coordinator with an incorrectly configured maximum node count resulting in a PLCA cycle that
is too short, or a PLCA Local ID that is configured beyond the PLCA cycle.
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Value Description
0 A BEACON has not been detected before local transmit opportunity
1 A BEACON was detected before local transmit opportunity

Bit 2 - PLCASYM PLCA Symbols Detected
This bit indicates the detection of PLCA BEACON symbols when PLCA is not enabled. This condition may indicate
the local node is operating with PLCA disabled on a segment with PLCA enabled nodes.

Value Description
0 PLCA BEACON symbols have not been detected from the network with PLCA disabled
1 PLCA BEACON symbols have been detected from the network with PLCA with disabled

Bit 1 — ESDERR End-of-Stream Delimiter Error
This bit indicates the reception of an End-of-Stream Delimiter Error (ESDERR) or End-of-Stream Jabber (ESDJAB)

»
<
3
o
o

Value Description
0 ESD error has not been detected
1 ESD error has been detected

Bit 0 —- DEC5B 5B Decode Error
This bit indicates a 5B decoder encountered an unknown or reserved 5B codeword that could not be decoded.

Value Description
0 5B decoder error has not occurred
1 5B decode error has occurred
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54.3 Status 2 Register

Name: STS2
Address: 0x0019

Bit 15 14 13 12 11 10 9 8
RESETC
Access RO RO RO RO RC RO RO RO
Reset 0 0 0 0 1 0 0 0
Bit 7 6 5 4 3 2 1 0
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 11 — RESETC Reset Complete Status
This bit is asserted upon completion of a reset due to power-on, assertion of the RESET_N pin, or setting of the

SW_RESET bit.

Value Description

0 Reset has not occurred
1 Reset has occurred
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5.4.4 Status 3 Register

Name: STS3
Address: 0x001A
Bit 15 14 13 12 1" 10 9 8
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ERRTOID[7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 7:0 — ERRTOID[7:0] PLCA Error Transmit Opportunity ID
This field captures the local PLCA current transmit opportunity counter when any unmasked interrupt status bit in the
Status 1 register is set.
Note: This field is only accurate if one unmasked interrupt status bit is set in the Status 1 register. If multiple

interrupt status bits are set, then this field represents the transmit opportunity for only the most recent interrupt status

bit.
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5.4.5

Bit

Access
Reset

Bit

Access
Reset

Interrupt Mask 1 Register

Name: IMSKA1
Address: 0x001C

15 14 13 12 1" 10 9 8
TXCOLM TXJABM
R/W R/W R/W R/W R/W R/W R/W R/W
1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
EMPCYCM RXINTOM UNEXPBM BCNBFTOM PLCASYMM ESDERRM DEC5BM
R/wW R/W R/W R/wW R/W R/wW R/W RW

1 1 1 1 1 1 1 1

Bit 10 — TXCOLM Transmit Collision Interrupt Mask
When clear, this bit will enable assertion of the IRQ_N pin when the Transmit Collision (TXCOL) status bit is set.

Value Description
0 Transmit collision interrupt enabled
1 Transmit collision interrupt disabled

Bit 9 — TXUJABM Transmit Jabber Interrupt Mask

When clear, this bit will enable assertion of the IRQ_N pin when the Transmit Jabber (TXJAB) status bit is set.
Value Description
0 Transmit jabber interrupt enabled
1 Transmit jabber interrupt disabled

Bit 7 — EMPCYCM PLCA Empty Cycle Interrupt Mask
When clear, this bit will enable assertion of the IRQ_N pin when the PLCA Empty Cycle (EMPCYC) status bit is set.

Value Description
0 PLCA empty cycle interrupt enabled
1 PLCA empty cycle interrupt disabled

Bit 6 — RXINTOM Receive in Transmit Opportunity Interrupt Mask
When clear, this bit will enable assertion of the IRQ_N pin when the Receive in Transmit Opportunity (RXINTO)
status bit is set.

Value Description
0 Receive in transmit opportunity interrupt enabled
1 Receive in transmit opportunity interrupt disabled

Bit 5 — UNEXPBM Unexpected BEACON Received Interrupt Mask
When clear, this bit will enable assertion of the IRQ_N pin when the Unexpected BEACON Received (UNEXPB)
status bit is set.

Value Description
0 Unexpected BEACON received interrupt enabled
1 Unexpected BEACON received interrupt disabled

Bit 4 - BCNBFTOM BEACON Received Before Transmit Opportunity Interrupt Mask
When clear, this bit will enable assertion of the IRQ_N pin when the BEACON Received Before Transmit Opportunity
(BCNBFTO) status bit is set.

Value Description
0 BEACON received before transmit opportunity interrupt enabled
1 BEACON received before transmit opportunity interrupt disabled
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Bit 2 - PLCASYMM PLCA Symbols Detected Interrupt Mask
When clear, this bit will enable assertion of the IRQ_N pin when the PLCA Symbols Detected (PLCASYN) status bit
is set.

Value Description
0 PLCA BEACON symbols detected interrupt enabled
1 PLCA BEACON symbols detected interrupt disabled

Bit 1 - ESDERRM End-of-Stream Delimiter Error Interrupt Mask
When clear, this bit will enable assertion of the IRQ_N pin when the End-of-Stream Delimiter Error (ESDERR) status
bit is set.

Value Description
0 ESD error interrupt enabled
1 ESD error interrupt disabled

Bit 0 - DEC5BM 5B Decode Error Interrupt Mask
When clear, this bit will enable assertion of the IRQ_N pin when the 5B Decoder Error (DEC5B) status is set.

Value Description
0 5B decode error interrupt enabled
1 5B decode error interrupt disabled
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5.4.6 Interrupt Mask 2 Register

Name: IMSK2
Address: 0x001D
Bit 15 14 13 12 " 10 9 8
RESETCM
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 0 0 0 1
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bit 11 — RESETCM Reset Complete Interrupt Mask
When clear, this bit will enable assertion of the IRQ_N pin when the device reset has been completed.

Value Description

0 Reset complete interrupt enabled
1 Reset complete interrupt disabled
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Counter Control Register

Name: CTRCTRL
Address: 0x0020

i 15 14 13 12 1" 10 9 8
RO RO RO RO RO RO RO RO
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
TOCTRE BCNCTRE
RO RO RO RO RO R/W R/W RW
0 0 0 0 0 0 0 0

Bit 1 — TOCTRE Transmit Opportunity Counter Enable
Enables and disables the PLCA transmit opportunity counter in the Transmit Opportunity Count (High) and Transmit

Opportunity Count (Low) registers.

Value Description
0 PLCA transmit opportunity counter is disabled
1 PLCA transmit opportunity counter is enabled

Bit 0 - BCNCTRE PLCA BEACON Counter Enable
Enables and disables the PLCA BEACON counter in BEACON Count (High) and BEACON Count (Low) registers.

Value Description
0 PLCA BEACON counter is disabled
1 PLCA BEACON counter is enabled
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5.4.8 Transmit Opportunity Count (High)
Name: TOCNTH
Address: 0x0024
Bit 15 14 13 12 1" 10 9 8
TOCNT[31:24]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TOCNT[23:16]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 15:0 —- TOCNT[31:16] Transmit Opportunity Count
This field maintains the upper 16 bits of the 32-bit count of the number of PLCA transmit opportunities the transceiver

may have utilized since the previous read.

Note: When this register is read, the contents of the 32-bit transmit opportunity counter will be latched into the high
and low counter register pair. The high counter register will be updated prior to be driven onto MDIO pin.

Note: The 32-bit counter will be reset when the contents are latched into the high and low counter register pair.
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5.4.9 Transmit Opportunity Count (Low)
Name: TOCNTL
Address: 0x0025
Bit 15 14 13 12 1" 10 9 8
TOCNT[15:8]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TOCNT[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 15:0 —- TOCNT[15:0] Transmit Opportunity Count
This field maintains the lower 16 bits of the 32-bit count of the number of PLCA transmit opportunities the transceiver

may have utilized since the previous read.

Note: The contents of this register will be latched upon reading of the Transmit Opportunity Count (High) register.
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5.4.10 BEACON Count (High)

Name: BCNCNTH
Address: 0x0026

Bit 15 14 13 12 11 10 9 8
BCNCNT[31:24]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
BCNCNT[23:16]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - BCNCNT[31:16] Beacon Count

This field maintains the upper 16 bits of the 32-bit counter of PLCA beacons received or transmitted since the

previous read.

Note: When this register is read, the contents of the 32-bit beacon counter will be latched into the high and low
counter register pair. The high counter register will be updated prior to be driven onto MDIO pin.

Note: The 32-bit beacon counter will be reset when the contents are latched into the high and low counter register

pair.
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54.11 BEACON Count (Low)

Name: BCNCNTL
Address: 0x0027

Bit 15 14 13 12 11 10 9 8
BCNCNT[15:8]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
BCNCNT[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - BCNCNT[15:0] Beacon Count

This field maintains the lower 16 bits of the 32-bit counter of PLCA beacons received or transmitted since the

previous read.

Note: The contents of this register will be latched upon reading of the BEACON Count (High) register.
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5.4.12

Bit

Access
Reset

Bit

Access
Reset

Pad Control 3 Register

Name: PADCTRL3
Address: 0x00CB
15 14 13 12 " 10 9 8
PDRV4[1:0] PDRV3[1:0] PDRV2[1:0] PDRV1[1:0]
R/W R/W R/W R/W R/W R/W R/W R/W
1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
RO R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 1 1 1 1

Bits 15:14 — PDRV4[1:0] Digital Output Pad Drive Strength
This field configures the output pad drive strength for pin group 4.

Value Description

00 Low current drive

01 Medium-low current drive
10 Medium-high current drive
11 High current drive (default)

Bits 13:12 — PDRV3[1:0] Digital Output Pad Drive Strength
This field configures the output pad drive strength for pin group 3.

Value Description

00 Low current drive

01 Medium-low current drive
10 Medium-high current drive
11 High current drive (default)

Bits 11:10 — PDRV2[1:0] Digital Output Pad Drive Strength
This field configures the output pad drive strength for pin group 2.

Value Description

00 Low current drive

01 Medium-low current drive
10 Medium-high current drive
11 High current drive (default)

Bits 9:8 — PDRV1[1:0] Digital Output Pad Drive Strength
This field configures the output pad drive strength for pin group 1.

Value Description

00 Low current drive

01 Medium-low current drive
10 Medium-high current drive
11 High current drive (default)
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5.4.13 OPEN Alliance Map ID and Version Register
Name: MIDVER
Address: 0xCAO00
Bit 15 14 13 12 11 10 9 8
IDM[7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 1 0 1 0
Bit 7 6 5 4 3 2 1 0
VER[7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 1 0 0 0 0

Bits 15:8 — IDM[7:0] Register Map ID

This field uniquely identifies the OPEN Alliance address space for register mapping.

Value

0x0A

Bits 7:0 — VER[7:0] Register Map Version

Description
OPEN Alliance register map

This field specifies the register map version. The version number is represented in binary-coded-decimal.

Value

0x10

Description
OPEN Alliance register map version 1.0
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5.4.14 PLCA Control 0 Register

Name: PLCA_CTRLO
Address: 0xCAO01

Bit 15 14 13 12 1 10 9 8
EN RST
Access R/W R/W SC RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 — EN PLCA Enable
Value Description
0

The PLCA reconciliation sublayer is disabled and the PHY operates in normal CSMA/CD mode without
the performance enhancements of PLCA.

The Physical Layer Collision Avoidance (PLCA) reconciliation sublayer functionality is enabled.
Bit 14 — RST PLCA Reset
Note: This bit is self-clearing. When setting this bit, do not set other bits in this register.

Value Description
0 Normal operation
1

PLCA reconciliation sublayer is reset
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5.4.15 PLCA Control 1 Register

Name: PLCA_CTRLA1
Address: 0xCAO02
Bit 15 14 13 12 1" 10 9 8
NCNT[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 0 0 0
Bit 7 6 5 4 3 2 1 0
ID[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 15:8 — NCNT[7:0] Node Count
This field configures the maximum number of nodes supported on the multidrop network. Proper operation requires
that this field be set to at least the number of nodes that may exist on the network. The number of transmit

opportunities in a given PLCA cycle.
Valid range: 0x01-OxFF

Note: This field must be configured correctly on the node with ID=0.

Bits 7:0 — ID[7:0] PLCA Local ID

This field configures the node’s PLCA Local ID and the transmit opportunity within the PLCA cycle which it will
transmit. A value of zero configures the node as the PLCA coordinator responsible for the periodic transmission of
the PLCA BEACON and the number of transmit opportunities available per PLCA bus cycle. When set to OxFF, the

PLCA operation will be disabled and the node will revert to CSMA/CD.

Note: This parameter shall be configured unique across the multidrop network to ensure proper collision-free

operation.

Value Description

0
1-0xXFE
O0xXFF

PLCA Coordinator node Local ID
PLCA Follower node Local ID

PLCA Disabled
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5.4.16 PLCA Status Register

Name: PLCA_STS
Address: 0xCA03

Bit 15 14 13 12 11 10 9 8
PST
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 15 — PST PLCA Status

This field indicates that the PLCA reconciliation sublayer is active and a BEACON is being regularly transmitted or

received.

Value Description

0 The PLCA reconciliation sublayer is not regularly receiving or transmitting the BEACON
1 The PLCA reconciliation sublayer is regularly receiving or transmitting the BEACON
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5.4.17 PLCA Transmit Opportunity Timer Register

Name: PLCA_TOTMR
Address: 0xCA04

Bit 15 14 13 12 11 10 9 8
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
TOTMR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 1 0 0 0 0 0

Bits 7:0 —- TOTMR[7:0] PLCA Transmit Opportunity Timer
Configures the PLCA Transmit Opportunity time allowed for each node to begin transmitting to capture the network.

The time is represented in increments of 100 ns (i.e., 1 BT).

Important: This field must be configured identically across all nodes on the multidrop network.

A CAUTION Improper configuration of Transmit Opportunity timer may result in reduced network performance or
collisions. It is recommended to leave this field at its default value unless a full evaluation of network

delays has been performed.
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5.4.18 PLCA Burst Mode Register

Name: PLCA_BURST
Address: 0xCA05

Bit 15 14 13 12 11 10 9 8
MAXBC[7:0]
Access
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
BTMRJ[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 0 0 0 0 0 0 0

Bits 15:8 — MAXBC[7:0] Maximum Burst Count
This field configures the maximum number of additional frames that the node may transmit in a single transmit
opportunity. When set to 0, the PLCA burst mode is disabled and only one frame will be transmitted per transmit
opportunity.

0 Burst mode disabled. Only one frame will be transmitted per Transmit Opportunity.

1-0xFF Number of additional frames that may be transmitted in a burst.

Bits 7:0 — BTMR[7:0] Burst Timer

When burst mode is enabled, this field configures the amount of time allowed following the transmission of a frame
which the node will continue to transmit and hold the multidrop network waiting for the MAC to transmit an additional
frame. Should the timer expire before the MAC transmits an additional frame, or if the maximum number of frames
allowed to be transmitted in a single burst has been exceeded, the node will stop transmitting and yield the network
to the next transmit opportunity.

The time is represented in increments of 100 ns (i.e., 1 BT).

Note: The minimum value should be equal to the MAC inter-frame gap (IFG) plus margin for the latency between
the MAC and PHY.
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6. Application Information

6.1 Mil Operation

Figure 6-1 illustrates device connectivity in Ml mode.

Figure 6-1. MIl Connectivity

MAC LAN8670/2
Mil 3.3v Mil
MDIO MDIO
MDC MDC
IRQ_N IRQ_N
CRS CRS Bus
coL coL TRXP Interface
TRXN Network
RXER RXER
RXDV RXDV
RXD[3:0] <~—————————— RXDI[3:0]
RXCLK RXCLK XTI j
TXCLK TXCLK . 25MHz
TXD[3:0] ——————— TXDI[3:0]
TXER TXER XTO j
TXEN é TXEN
6.2 RMII Operation with Reference Clock
The figure below illustrates device connectivity in RMIl mode with a 50 MHz reference clock.
Figure 6-2. RMII Connectivity with Reference Clock
RMII LAN8670/1
33V RMII
MDIO
MDC
IRQ_N
Bus
TXD{1:0] TRXP Interface
TRXN
é TXEN Network
: RXD][1:0]
RXER REFCLKIN
CRSDV
50 MHz Oscillator
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6.3

LAN8670/1/2

Application Information

Power Connectivity

Figure 6-3 illustrates a typical power configuration for the LAN8670/1/2 with the power supply architecture and
recommended decoupling. The LAN8670/1/2 requires at minimum only a single 3.3V power supply.

The analog pins (TRXP, TRXN, XTI/REFCLKIN, and XTO) pins must never be driven to more than the VDDA supply.
Furthermore, all other digital pins must never be driven to more than the VDDP supply. These requirements are
applicable to power-up and power-down as well as normal operating conditions.

A ferrite bead may optionally be added to the VDDA and VDDP supplies for increased noise immunity in EMI-
sensitive applications. Depending on the properties of the ferrite bead, its combination with the decoupling capacitors
may cause resonance peaking at lower frequencies leading to an undesired amplification of low-frequency noise in
the system resulting in increased electromagnetic radiation. Since the ferrite bead selection is highly dependent on
the noise in the system, which varies from design to design, the large bulk capacitor, typically 10 yF, is recommended
to be placed on the device side of the ferrite bead. During the prototype phase, it is recommended to include the
option for the ferrite beads should the need arise to populate it to improve noise immunity.

Figure 6-3. Power Connectivity

3.3Vsw LAN8670/1/2
A

= VDDA
Ferrite Bead 10 Mi 0.1pF | 0.01uF

(optional) T I I

01 uF ] 00t VDDA
L T

% VDDP
Ferrite Bead '° “i 0.1 ui0.01 }i
(optional) T T T

VDDP

0.1 uF | 0.01 LEL
1 I

] GND (ePAD)
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6.4

LAN8670/1/2

Application Information

Crystal Oscillator Selection

Oscillator margin is a measure of the stability of an oscillator circuit, and is defined in Equation 6-1 as the ratio of the
oscillator’s negative resistance (Rygg) to the crystal's ESR (Rgsr)-

Equation 6-1. Crystal Oscillator Margin Measurement

. _ |Rnecl _ |Rvar| *+ REsr
Margin = =
& REsR REsR

The negative resistance can be measured by placing a variable resistor (Ryar) in series with the crystal and finding

the largest resistor value where the crystal still starts up properly. This point would be just below where the oscillator
does not start-up or where the start-up time is excessively long. Ideally, oscillator margin should be greater than 10,

and should be at least 5. Smaller oscillator margin can affect the ability of the oscillator to start up.

The load capacitance, specified when ordering the crystal, is the series combination of the capacitance on each
leg of the crystal. This capacitance includes not only the added capacitors, but also PCB trace (shunt) capacitance
and chip pin capacitance. Larger capacitors also have a negative effect on oscillator margin. It is recommended
that a crystal utilizing matching parallel load capacitors be used for the crystal input/output signals (XTI/XTO). The
transconductance gain (gy,) of the internal inverting amplifier is nominally 18.2 mS.

The crystal cut and tolerance value listed in the Crystal Specifications section are typical values and may be changed
to suit differing system requirements. Higher ESR values (than those listed in Crystal Specifications) run the risk of
having start-up problems and should be thoroughly tested before being used. Contact the crystal manufacturer for
more information.

Related Links
7.8.1 Crystal Specifications
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LAN8670/1/2

Application Information

6.5 Electromagnetic Compatibility (EMC) Considerations

6.5.1 Output Drive Strength Control

The LAN8670/1/2 digital outputs are configurable to one of four drive strengths. By changing the digital output
impedance in combination with the output load, the rise and fall time of driven output signals may be adjusted to
meet timing requirements while reducing the sharp transitions and ringing that can be a source of unwanted radiated
emissions. The pin output drive strength is configurable in groups based on their application as defined in the table
below. The output drive level for each pin group is configured within the Pad Control 3 (PADCTRL3) register. The
output drive currents are specified in the DC Specifications section.

Table 6-1. Digital Output Drive Pin Groups

m LAN8670 | LAN8671 | LAN8672

Pin Group 1 - Application
TXCLK 12
IRQ_N 22 16 24

Pin Group 2 - Serial Management Interface

MDIO 14 10 16
Pin Group 3 - Ml

CoL 2 - 2
CRS 15 - 17
RXCLK 17 - 19
RXD2 23 - 25
RXD3 24 - 26
TXCLK - - 3

Pin Group 4 - MII/RMII
RXDO 16 11 18
RXD1 19 12 21

RXDV/CRSDV 20

CRSDV - 14
RXDV - - 22
RXER 21 15 23

Related Links
5.4.12 PADCTRL3
7.5 DC Specifications (other than 10BASE-T1S PMA)

6.6 Reference Schematics

The schematics on the following pages contain example reference implementations of the LAN8670/1/2. Engineers
may wish to include series termination resistors near digital output pins to aid in matching the driver and PCB trace
impedance. At a minimum, a series 100 nF coupling capacitor (not shown) is needed on each of the TRXP and TRXN
pins. Additional bus interface network (BIN) details are contained in a separate Application Note.
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Figure 6-4. LAN8670 MIl Reference Schematic

LAYOUT NOTE: Place one 0.01uF and one 0.1uF at each power pin.

The 0.01uF must be closest to the pin.

Serial Management Interface (SMI)
Control LAN8670 and obtain status

MDIO pull-up resistor:
The MDIO resistor value should be determined

3Vv3 sw . . 10k
il - pin8 pin 18 — based on the capacitive bus loading. For light
Ferrite beads are optional. ?f%?zhﬁ'xg s 6 -]-07 -Lcs -ch UL LAN8670-B W] loading, 10k Ohms is a good starting value.
Depending on the inductance and Q, 10uF 0.1uF | 0.01uF 0.1uF | 0.01uF Power Management OPTIONAL: IRQ_N
ferrite beads may cause resonant 8 | vppp mbC ka3 Active low open-drain interrupt output.
N F : 8 4 I .
peaking at certain frequencies. A = = VDDP MDIO (i3> A pull-up resistor is always required.
bulk capacitor is recommended on GND GND 2 | oo IRQ_N {_INTERRUPT N>
the LAN side of the ferrite bead to 25 MIL/RMII
dampen any oscillation. b E i pin 29 pin 25 VDDA ) )
300 Ohm Lt Mil Hardware Configuration Straps:
742792640 C10 =——=Cl1==C12 ==C13==C14 1 TXD2 Values are latched upon POR RESET_N negated.
10uF 0.1uF | 0.01uF 0.1uF | 0.01uF >—=— DNC TXD3 TXEN
= 73 N b (REQUIRED EXTERNAL RESISTORS)
= - 12 . .
GND GND = [XCLI 10k Ohm typical Strap resistors.
e PMA s prvaD? ETHERNET Strap resistor value is dependent on the Ethernet MAC
Zef TRXP RXDOPHYAD2 p=je——prvass MAC internal resistor values.
31 rrxn RXDUPHYADS P25 ioDE Strap resistors must be able to override the Ethernet MAC
RXD3/MODE1 24 MODEL internal pull-up or down resistor to set a logic low or high.
Analog RXERIPHYADO (21— PHYADD
RXCLK 3V3 SW 5
RBIAS: 12.4 kOhms +/- 1% over temperatureW RBIAS RXDV/ CRSDV / PLNADL |20 PHYADL MODE[1:0]
= XTI 21 COL P Ie—5rvADT MODEO_R7 10k 00b - reserved
oD o551 gg REFCLKIN CRS/PHYAD4 MODEL_R8 10k 01b - Mil with 25MHz crystal
l_ 10b - RMII with 50MHz REFCLKIN
o 11b - reserved
" Misc one 2 GND
RESET_N
3v3 sw ! 2
>
0 R 3V3 SW -
HYADO R9 ppp 10K PHYAD[4:0]
VQFN-3: \V—Toc .
B < DL BRI AA—10C T 0x00h - 0x1Fh : valid address range
H RIL WA
— = HYAD3 R12 ,W’ 10k OR
GND GND GTD HYAD RIS W\ 10K _é_

RESET_N:
Active low hardware reset input.
If unused, connect to VDDP.

GND

When the MAC sublayer is in reset or
M’W\/L_l_ unconfigured, the TXEN output pin may
= become high impedance and floating. A
GND pull-down can be added to prevent
false TXEN assertions and accidental
trasmissions.

uonewoju] uonesijddy
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Figure 6-5. LAN8670 RMII Reference Schematic

LAYOUT NOTE: Place one 0.01uF and one 0.1uF at each power pin.
The 0.01uF must be closest to the pin.

SMI_CLK
W SMI_DIO

Serial Management Interface (SMI)
Control LAN8670 and obtain status

MDIO pull-up resistor:
The MDIO resistor value should be determined
based on the capacitive bus loading. For light
] loading, 10k Ohms is a good starting value.
OPTIONAL: IRQ_N
Active low open-drain interrupt output.
A pull-up resistor is always required.

INTERRUPT N >

RMII Hardware Configuration Straps:

Values are latched upon POR RESET_N negated.

(REQUIRED EXTERNAL RESISTORS)

VSss

3Vv3 sw . .
bllll: - pin8 pin 18
Ferrite beads are optional. o i s 1 o -Lcs 1 o uL
Depending on the inductance and Q, 100F 0.1UF | 0.01uF 0.1UF | 0.01UF Power
ferrite beads may cause resonant 8 | \oop
peaking at certain frequencies. A = = 18 | voop
bulk capacitor is recommended on & GND 29 | yopa
the LAN side of the ferrite bead to 25
dampen any oscillation. 2 B 1, pin 29 pin 25 VDDA
300 Ohm J_
742792640 C10 —=Cl1==C12 —=C13==Cl14 1
IOUF 0.1uF | 0.01uF 0.1uF | 0.01uF >—=— DNC
32
= = [ vss
GND GND =
GND PMA
TRXP
TRXN
Analog
RBIAS: 12.4 kOhms +/- 1% over temperature  —R15App 124K 25 | ReiAS
= REFCLKIN _2
N ——————=1 XTI/REFCLKIN
GND 281 %10
50MHz R17 AVAVAV47R REFCLKIN Misc
10
R18 47R 50MHz_MAC 3V3_sw (==
LAYOUT NOTE:
The trace length between 50MHz--->LAN and
50MHz--->MAC should be length matched
within +/- 13mm (0.5inches). The traces RESET N:
should be based upon a 50 Ohm transmission Active low hardware reset input.
line. If unused, connect to VDDP.

33

[}
2
[S]

|*GND
10k Ohm typical Strap resistors.

HYAD? ETHERNET Strap resistor value is dependent on the Ethernet MAC

HYAD3 MAC internal rgsistor values. .

ODEQ Strap resistors must be able to override the Ethernet MAC

e internal pull-up or down resistor to set a logic low or high.
7
50 <PHYADL MODE[1:0]
75—<pHYAD4 MODEO R7 10k oND 00D - reserved

50MHz_MAC

MODEL_R8 10k 01b - MIl with 25MHz crystal
3v3 sW 10b - RMII with 50MHz REFCLKIN
11b - reserved

HYADO RO 4 px 1ok3‘/§|-s'w PHYADI[4:0]
H :, R ?A:A:A vs‘igt 0x00h - 0x1Fh : valid address range
H RIL W\
HYAD3 R12 WAV 10k OR
HYAD4 R s,w"’mk L
GND

When the MAC sublayer is in reset or
M’W\/L_l_ unconfigured, the TXEN output pin may
= become high impedance and floating. A
GND pull-down can be added to prevent
false TXEN assertions and accidental
trasmissions.

uonewoju] uonesijddy
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Figure 6-6. LAN8671 RMII Reference Schematic

LAYOUT NOTE: Place one 0.01uF and one 0.1uF at each power pin.
The 0.01uF must be closest to the pin.

Serial Management Interface (SMI)
Control LAN8671 and obtain status

MDIO pull-up resistor:

The MDIO resistor value should be determined
based on the capacitive bus loading. For light
loading, 10k Ohms is a good starting value.

Active low open-drain interrupt output.
A pull-up resistor is always required.

3V3 sw ) : 10k
bllll: - pin 6 pin 13
. "
Ferrite beads are optional. B s s _]_ o -Lcs _ch uL LANB671B:
Depending on the inductance and Q, 100F 0.1uF | 0.01uF 0.1uF | 0.01uF Power Management OPTIONAL: IRQ_N
ferm_e beads may cause resonant 12 VDDP MDC ?0
peaking at certain frequencies. A = = VDDP MDIO
itor i GND GND
bulk capacitor is recom_mended on 2 | yopa IRQ.N P8 [ INTERRUPT N>
the LAN side of the ferrite bead to 18
dampen any oscillation. , L3 1 pin 22 pin 18 VDDA f \
300 Ohm J_ RMII RMII
742792640 C10 —=Cl1==C12 —=C13==Cl14 5 TXDO g
100F 0.1uF | 0.01uF 0.1uF | 0.01F >—2 DNC TXDL g
TXEN
1
= = L ves RXDOPHYAD2 [-ie—EHYADZ
GND GND = 17 12__PHYAD3
o < DNC RXD1/PHYAD3
GND RXER/PHYADQ |12 PHYADO ETHERNET
, PMA CRSDV/PHYAD? [-24— PHYADL MAC
== TRXP
2 50MHz MAC
=) TRXN
Analog RN
. 119 R15 ppp 124K 19 )
RBIAS: 12.4 kOhms +/- 1% over temperaturer/\/\/vl%— RBIAS Misc
= 20 o
REFCLKIN 2 RESET_N
GND z 2 =
1 N VQFN-2
& {
GND

LAYOUT NOTE:

The trace length between 50MHz--->LAN and
50MHz--->MAC should be length matched.
The traces should be based upon a 50 Ohm
transmission line.

RESET_N:

Active low hardware reset input.

If unused, connect to VDDP.

Hardware Configuration Straps:
Values are latched upon POR RESET_N negated.
(REQUIRED EXTERNAL RESISTORS)

10k Ohm typical Strap resistors.
Strap resistor value is dependent on the Ethernet MAC

internal resistor values.

Strap resistors must be able to override the Ethernet MAC
internal pull-up or down resistor to set a logic low or high.

3V3 sw
PHYADO R9 A 10K
PHYADL R10 A% 10k T
PHYAD2 RI11 \4%" 10k OR
PHYAD3 R: AAA—L0k
L

GND

PHYADI[3:0]
0x00h - 0xOFh : valid address range

When the MAC sublayer is in reset or
unconfigured, the TXEN output pin may
become high impedance and floating. A
pull-down can be added to prevent
false TXEN assertions and accidental
trasmissions.
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Figure 6-7. LAN8672 MIl Reference Schematic

Serial Management Interface (SMI)
LAYOUT NOTE: Place one 0.01uF and one 0.1uF at each power pin. 3v3 sw Control LAN8672 and obtain status

The 0.01uF must be closest to the pin. o a6 MDIO pull-up resistor:
VISW [, . . < 10k The MDIO resistor value should be determined
TP At pin9 pin 20 S based on the capacitive bus loading. For light
Ferrite beads are optional. ?1?207?2'24"0 s - _I_c7 —I—cs —I—ce U1 LANB672-B: W] loading, 10k Ohms is a good starting value.
Depending on the inductance and Q, 100F 0.1uF | 0.01uF 01uF | 0.01uF Power Management OPTIONAL: IRQ_N
ferrite beads may cause resonant 21 voop moc [o2 Active low open-drain interrupt output.
peaking at certain frequencies. A = = 0 | voop MDIO 73 A pull-up resistor is always required.
bulk capacitor is recommended on GND GND 5 | yooa IRQN { INTERRUPT N>
the LAN side of the ferrite bead to 29 | \bDA I
dampen any oscillation. b3 1 pin 33 pin 29 . .
3000mm | W | Mil Hardware Configuration Straps:
742192640 —=C10 —=C11 ==C12 ci13==c14  »<—14 bne TXD2 Values are latched upon POR RESET_N negated.
10uF 0.1uF | 0.01uF 0.1uF | 0.01uF 3% - ¥;g(1)
- o o Ly TXEN (REQUIRED EXTERNAL RESISTORS)
= = = X 7 - )
GND GND GND TXER 10k Ohm typical Strap resistors.
o PMA ETHERNET Strap resistor value is dependent on the Ethernet MAC
<e1 TRXP RXCLK MAC internal resistor values.
35 TRN Eiggf MoDES Strap resistors must be able to override the Ethernet MAC
RXD1/PHYAD3 internal pull-up or down resistor to set a logic low or high.
RXDO/PHYAD2
RIS - 124K 2 Cocleg RXDV / PHYADL V3SW  MODE[L:0]
RBIAS: 12.4 kOhms +/- 1% over temperature r:\/w—i% RBIAS RXER / PHYADO = -
= XTI 31 COL P-=—rvADT MODE0_R7 10k 00b - reserved
N e XTI CRS/PHYAD4 MODE1 _R8 10k 1b - MIl with 25MHz |
GND X032 Y10 —,\N\,__L 01b th 25| crystal
1 10b - reserved
i = 11b - reserved
. Misc D'\é % ig GND
RESET_N V¢
- one 4 L
NC a T
8 GND DO R9 ,pp 1ok3V§r5W PHYAD[4:0]
N VOFN-36 D= RI0\pp 0K 0x00h - 0x1Fh : valid address range
5 B RTE "VAAVAAV_,W OR
GND GND D4 RIS\ 10K %

RESET_N: GND
Active low hardware reset input.

If unused, connect to VDDP.

[0}
2
S

When the MAC sublayer is in reset or
M'\NVL_L unconfigured, the TXEN output pin may
= become high impedance and floating. A
pull-down can be added to prevent
false TXEN assertions and accidental
trasmissions.

uonewoju] uonesijddy

C/L/0L98NV




7.1

LAN8670/1/2

Operational Characteristics

Operational Characteristics

Absolute Maximum Ratings

Stresses exceeding those listed in this section could cause permanent damage to the device. This is a stress rating
only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Functional
operation of the device at any condition exceeding those indicated in Operating Conditions, DC Specifications, or any
other applicable section of this specification is not implied.

Attention: Exposure at or above these limits may damage the device.

Table 7-1. Absolute Maximum Ratings

Power Supply Voltage:
Digital /0 (VDDP)
Analog (VDDA)

Voltage applied to pins:

TRXP, TRXN VTRXP/N
TRXP/TRXN (differential) VDIFF
XTI/REFCLKIN, RBIAS
All other pins
Junction Temperature Under Bias TJ
Storage Temperature Tstg

Lead Temperature Range

ESD Human Body Model
TRXP, TRXN (to VSS)
All other pins

ESD Machine Model

ESD Charge Device Model

Notes:

-0.5 3.9 \Y
-0.5 3.9 \
-27 42 \Y
-25 25 \Y
-0.5 VDDA + 0.5 \
-0.5 VDDP + 0.5 \Y
-40 150 °C
-55 150 °C

Refer to JEDEC Spec. J-STD-020

-8 +8 kV

-2 +2 kV
-400 +400 \%
-750 +750 \

Note 1

Note 2

Note 2

Note 3

JESD22-A115

AEC-Q100-011

1. When powering this device from laboratory or system power supplies, it is important that the absolute maximum ratings not be exceeded
or device failure can result. Some power supplies exhibit voltage spikes on their outputs when AC power is switched on or off. In
addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, it is suggested that a clamp

circuit be used.

2. Voltage applied to pins must remain below 3.9V.

3. Test specification following JESD22-A114/AEC-Q100-002: (1.5 kQ/100 pF)
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7.3

LAN8670/1/2

Operational Characteristics

Operating Conditions
Proper operation of the device is guaranteed only within the ranges specified in this section.

Table 7-2. Operating Conditions
I N T
Power Supply Voltage:
Digital 1/0O (VDDP) 3.135 3.465 Y
Analog (VDDA) 3.135 3.465 Y

Maximum Input Voltage:

XTI/REFCLKIN, RBIAS -0.3 VDDA + 0.3 \
All other pins -0.3 VDDP + 0.3 \%
Power Supply Ramp Rate 300 ps/V
Ambient Operating Temperature (Still Air) TA -40 +125 °C

Power Consumption

This section details the device power measurements taken over various operating conditions. Unless otherwise
noted, all measurements were taken with power supplies at nominal values. All values are typical.

Table 7-3. Current Consumption and Power Dissipation

VDDA Current VDDP Current
@3.3V (mA) @3.3V (mA) Total Device Power (mW)
21 5 86

RESET RESET_N pin low
ACTIVE Receive 21 5 86
ACTIVE Transmit 31 5 120
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LAN8670/1/2

Operational Characteristics

Package Thermal Specifications
Note: Thermal parameters are measured or estimated for devices in a multi-layer 2S2P PCB per JESD51.

Table 7-4. LAN8670 Package Thermal Parameters (32-VQFN)

Junction-to-Ambient Still air
Junction-to-Top-of-Package YT 0.6 °C/W Still air
Junction-to-Case oJc 7.6 °C/W

Table 7-5. LAN8671 Package Thermal Parameters (24-VQFN)

Junction-to-Ambient Still air
Junction-to-Top-of-Package YT 0.9 °C/W Still air
Junction-to-Case oJc 8.3 °C/W

Table 7-6. LAN8672 Package Thermal Parameters (36-VQFN)

Junction-to-Ambient Still air
Junction-to-Top-of-Package YT 0.4 °C/W Still air
Junction-to-Case OJc 5.0 °C/W
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LAN8670/1/2

Operational Characteristics

7.5 DC Specifications (other than 10BASE-T1S PMA)
Table 7-7. DC Electrical Characteristics (other than 10BASE-T1S PMA)

VIS-VDDP Type Input Buffers
Low-Level Input Voltage ViL
High-Level Input Voltage VIH
Input Hysteresis AVhys
Input Leakage IL
Input Capacitance CIN

VO-VDDP Type Output Buffers
Low-Level Output VoL

loL-L
loL-ML
IOL-MH
loL-H
High-Level Output VOH
IOH-L
IOH-ML
IOH-MH
IOH-H

VOD-VDDP Type Output Buffers

Low-Level Output VoL
loL-L
loL-ML
loL-MH

IOL-H

VOH-VDDP Type Output Buffers

Low-Level Output VoL
loL-L

loL-ML

loL-MH
IOL-H
High-Level Output VOH
loH-L

IOH-ML

IOH-MH

IOH-H

2.0

25

-10

VDDP-0.4

0.45

1.2

2.0

29

VDDP-0.4

1.0

2.0

2.8

35

0.8

VDDP+0.3

230

10

3

0.4

0.4

0.4

mV
A

pF

mA
mA
mA

mA

mA
mA
mA

mA

mA
mA
mA

mA

mA
mA
mA

mA

mA
mA
mA

mA

VIN = VSS or VDDP

Note 1

Low drive
Medium-low drive
Medium-high drive
High drive

Note 2

Low drive
Medium-low drive
Medium-high drive

High drive

Note 1

Low drive
Medium-low drive
Medium-high drive

High drive

Note 1

Low drive
Medium-low drive
Medium-high drive
High drive

Note 2

Low drive
Medium-low drive
Medium-high drive

High drive
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LAN8670/1/2

Operational Characteristics

........... continued

ICLK Type Input Buffer

Low-Level Input Voltage VIL -0.3 0.45 \%
High-Level Input Voltage VIH VDDA-0.35 VDDA+0.3 \%
Input Leakage IL -10 10 pA
Input Capacitance CIN 3 pF
Notes:

1. oL is configurable to four levels of sink current.

2. I0H is configurable to four levels of source current.

3.

Note 3

VIN = VSS or VDDA

REFCLKIN, and optionally XTI, can be driven from a single-ended clock oscillator to which these specifications apply.
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7.6

7.6.1

7.6.2

LAN8670/1/2

Operational Characteristics

AC Specifications

This section details the various AC timing specifications of the device.
Note: The Ethernet TRXP/TRXN pin timing adheres to IEEE Std 802.3cg. Refer to the IEEE Std 802.3cg

specification for detailed Ethernet timing information.

Equivalent Test Load

Output timing specifications assume a 20 pF equivalent test load, unless otherwise noted, as illustrated below.

Figure 7-1. Output Equivalent Test Load

OUTPUT O—

A

~ 20 pF

General Signals and Clocks

Table 7-8. AC Electrical Characteristics (other than Ethernet PMA)

VO-VDDP Type Output Buffers

Output Rise Time tr 10% to 90%, C|_=20 pF
23 ns Low drive
8 ns Medium-low drive
5 ns Medium-high drive
3 ns High drive
Output Fall Time tf 90% to 10%, CL =20 pF
23 ns Low drive
8 ns Medium-low drive
5 ns Medium-high drive
3 ns High drive
VOD-VDDP Type Output Buffers
Output Fall Time tf 90% to 10%, C =20 pF
23 ns Low drive
7 ns Medium-low drive
5 ns Medium-high drive
3 ns High drive
VOH-VDDP Type Output Buffers
Output Rise Time tr 10% to 90%, C|_=20 pF
10 ns Low drive
5) ns Medium-low drive
4 ns Medium-high drive
Datasheet DS60001573C-page 86
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7.6.3

7.6.4

7.6.5

LAN8670/1/2

Operational Characteristics

........... continued

T T T
3 ns High drive

Output Fall Time tf 90% to 10%, CL =20 pF

10 ns Low drive
5 ns Medium-low drive
4 ns Medium-high drive
3 ns High drive

Power-On Configuration Strap Timing

The timing diagram below illustrates the configuration strap timing requirements, in relation to power-on, for
applications where RESET_N is not used at power-on. The operational level (Vo) for the external power supply
is defined as the minimum operational supply voltage as detailed in the Operating Conditions section.

Figure 7-2. Power-On Configuration Strap Timing

All External Vopp
Power Supplies

Configuration Straps PRI

Table 7-9. Power-On Configuration Strap Timing

ms

Configuration strap hold after external power supply at operational tcsh 4
level

RESET_N Configuration Strap Timing

The following diagram illustrates the RESET_N timing requirements and its relation to the configuration straps.
Assertion of RESET_N is not a requirement. However, if used, it must be asserted for the minimum period specified.

Figure 7-3. RESET_N Configuration Strap Timing
ritrstiaﬂ

47tcss4’¢*tcsh4"

RESET N

. Y
e ol
Configuration_Straps {aaadaidddd

Table 7-10. RESET_N Configuration Strap Timing

us

RESET_N input assertion time trstia 5
Configuration strap setup before RESET_N negation tess 200 ns
Configuration strap hold after RESET_N negation tcsh 10 ns

Power Sequence Timing
Power supplies must adhere to the following rules:

» There is no power-up sequencing requirement, however all power supplies must reach operational levels within
the time periods specified in Table 7-11.

» VDDA must not be powered for an extended period of time without VDDP also at operational levels.
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» Following initial power-on, or if a power supply brownout occurs (i.e., either of the VDDA or VDDP supplies
drops below operational limits), an internal power-on reset will be performed once all power supplies reach
operational levels. Refer to the section Power-On Configuration Strap Timing for power-on reset requirements.

» Do not drive input signals without power supplied to the device.

Attention: Violation of these specifications may damage the device.

Figure 7-4. Power Sequence Timing

tpon 4"

VDDA Supply Pin T/
VDDP Supply Pin /

Table 7-11. Power Sequence Timing

VDDP supply turn-on time relative to VDDA tpon

Related Links
7.6.3 Power-On Configuration Strap Timing

MIl Timing
This section specifies the MIl transmit and receive timing.

Figure 7-5. Ml Transmit Timing
—teikp—N

e eteiknH
ek N\ A 0

tsu thold tsu [thold thold

)

Table 7-12. Ml Transmit Timing

TXCLK period telkp

TXCLK high time tclkh telkp * 0.4 tclkp * 0.6 ns
TXCLK low time telkl tclkp *0.4 tclkp *0.6 ns
TXD[3:0], TXEN setup time to falling edge of TXCLK tsu 26.0 ns
TXD[3:0], TXEN hold time after falling edge of TXCLK thold 0 ns

Note: Timing was designed for system load between 5 pF and 20 pF.
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Figure 7-6. MIl Receive Timing
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Table 7-13. MIl Receive Timing

ns

RXCLK period tclkp 400

RXCLK high time tclkh tclkp * 0.4 tclkp * 0.6 ns

RXCLK low time telkl tclkp * 0.4 tclkp * 0.6 ns

RXD[3:0], RXDV, RXER output valid from falling edge of RXCLK tval 28.0 ns

RXD[3:0], RXDV, RXER output invalid from falling edge of RXCLK tinvid 10.0 ns
Note:

Timing was designed for system load between 5 pF and 20 pF.

RMII Timing
This section specifies the RMII interface transmit and receive timing.

In this mode, a 50 MHz clock must be input on the REFCLKIN pin. Refer to the RMII REFCLKIN Requirements
section for clock additional details.

Note: The CRSDV pin performs both carrier sense and data valid functions. CRSDV is asserted asynchronously on
detection of carrier due to the criteria relevant to the operating mode. If the PHY has additional bits to be presented
on RXDI1:0] following the initial negation of CRSDV, then the device will assert CRSDV on cycles of REFCLKIN
which present the second di-bit of each nibble and negate CRSDV on cycles of REFCLKIN which present the first
di-bit of a nibble. For additional information, refer to the RMII specification.

Figure 7-7. RMII Timing
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“
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Table 7-14. RMII Timing

REFCLKIN period telkp

REFCLKIN high time tclkh tclkp * 0.35 tclkp * 0.65 ns
REFCLKIN low time telkl tclkp * 0.35 tclkp * 0.65 ns
RXDI[1:0], RXER, CRSDV output valid from rising edge of REFCLKIN toval 16 ns
RXDI[1:0], RXER, CRSDV output invalid from rising edge of REFCLKIN toinvid 3.0 ns
TXD[1:0], TXEN setup time to rising edge of REFCLKIN tsu 4.0 ns
TXD[1:0], TXEN hold time after rising edge of REFCLKIN tihold 1.5 ns

Note: Timing was designed for system load between 5 pF and 20 pF.

7.6.8 SMI Timing
This section specifies the serial management interface timing of the device.
Figure 7-8. SMI Timing

—tcikp
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|
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Table 7-15. SMI Timing

MDC period telkp

MDC high time tclkh tclkp * 0.4 ns
MDC low time telkl telkp * 0.4 ns
MDIO (read from PHY) output valid from rising edge of MDC tval 130 ns
MDIO (read from PHY) output invalid from rising edge of MDC toinvid 0 ns
MDIO (write to PHY) setup time to rising edge of MDC tsu 10 ns
MDIO (write to PHY) input hold time after rising edge of MDC tihold 10 ns
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7.7 10BASE-T1S PMA
Table 7-16. 10BASE-T1S PMA Electrical Characteristics

T T N

Differential capacitance 1 MHz

Note 1

Transmit Driver Output

Differential driver output Vod 0.8 1.0 1.2 \% Figure 7-9

Change in differential steady state AVod -0.2 0.2 \Y Figure 7-9

output for complementary states

Receiver Input

Receiver differential sensitivity Vth 600 mV

Differential input resistance Rig 10 kQ Note 1
Note:

1. Design parameter (not tested).

Figure 7-9. Differential Output Test Fixture

TRXP O I I
100 nF 250
Vod
100 nF 250
TRXN O I I
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Clock Circuit

The device can accept either a 25 MHz crystal (preferred) or a 25 MHz single-ended clock oscillator (+ 100 ppm)
input. If the single-ended clock oscillator method is implemented, XTO should be left unconnected and XTI
(REFCLKIN) should be driven with a nominal 0-3.3V clock signal.

Note: In RMIl mode, a 50 MHz single-ended clock oscillator input must be driven onto REFCLKIN which adheres to
the requirements detailed in the RMII REFCLKIN Requirements section.

Crystal Specifications
See the following table for recommended crystal specifications.

Table 7-17. Crystal Oscillator Specifications

I N T B S

Crystal Cut AT (typical)

Crystal Oscillation Mode Fundamental

Crystal Calibration Mode Parallel Resonant Mode

Frequency 25.000 MHz

Tolerance +100 ppm Note 1, 2
Recommended Maximum Shunt Capacitance 6 pF

Recommended Matched Load Capacitance 10-22 pF Note 3
Drive Level 50 uw
Recommended Maximum Equivalent Series 100 Q

Resistance (ESR)
XTI/XTO Pin Capacitance 2 pF Note 4

Notes:

1. The total deviation for the transmitter clock frequency is specified by IEEE 802.3cg as +100 ppm.

2 This parameter must include increased variation over the expected operational lifetime of the application (aging).
3. Load capacitance per crystal terminal.
4

This number includes the pad, the bond wire and the lead frame. Printed circuit board trace capacitance is not included in this value.
The XTI/XTO pin and PCB trace capacitance values are required to accurately calculate the value of the two external load capacitors.
These two external load capacitors determine the accuracy of the 25.000 MHz frequency.

RMII REFCLKIN Requirements
The following table details the RMII REFCLKIN timing requirements.

Table 7-18. RMII REFCLKIN Timing Requirements

I O T S AR
50 MHz

REFCLKIN frequency

REFCLKIN Frequency Stability +100 ppm Including aging
REFCLKIN Duty Cycle 35 65 %
REFCLKIN Jitter 840 ps peak-to-peak (not RMS)
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8. Packaging Information

81  32-VQFN (LAN8670 Only)

32-Lead Very Thin Plastic Quad Flat, No Lead Package (LMX) - 5x5x1.0 mm Body [VQFN]
With 3.4 mm Exposed Pad and Stepped Wettable Flanks

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits|  MIN | Nom | MAX
Number of Terminals N 32
Pitch e 0.50 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.203 REF
Overall Length D 5.00 BSC
Exposed Pad Length D2 330 | 340 | 350
Overall Width E 5.00 BSC
Exposed Pad Width E2 3.30 3.40 3.50
Terminal Width b 0.20 0.25 0.30
Terminal Length L 0.30 0.40 0.50
Terminal-to-Exposed Pad K 0.20 - -
Exposed Pad Corner Chamfer CH 0.35 REF
Step Height A4 0.10 - 0.19
Step Length D3 0.035 0.060 0.085

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-500 Rev B Sheet 1 of 2
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32-Lead Very Thin Plastic Quad Flat, No Lead Package (LMX) - 5x5x1.0 mm Body [VQFN]
With 3.4 mm Exposed Pad and Stepped Wettable Flanks

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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32-Lead Very Thin Plastic Quad Flat, No Lead Package (LMX) - 5x5x1.0 mm Body [VQFN]
With 3.4 mm Exposed Pad and Stepped Wettable Flanks

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width X2 3.50
Center Pad Length Y2 3.50
Contact Pad Spacing C1 4.90
Contact Pad Spacing C2 4.90
Contact Pad Width (32) X1 0.30
Contact Pad Length (32) Y1 0.85
Contact Pad to Center Pad (32) G1 0.20
Contact Pad to Contact Pad (X28) | G2 0.20
Thermal Via Diameter \ 0.33
Thermal Via Pitch EV 1.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-2500 Rev B
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8.2  24-VQFN (LAN8671 Only)

24-Lead Very Thin Plastic Quad Flat, No Lead Package (U3B) - 4x4 mm Body [VQFN]
With 2.6mm Exposed Pad and Stepped Wettable Flanks; Atmel Legacy ZCY

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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24-Lead Very Thin Plastic Quad Flat, No Lead Package (U3B) - 4x4 mm Body [VQFN]
With 2.6mm Exposed Pad and Stepped Wettable Flanks; Atmel Legacy ZCY

http://www.microchip.com/packaging

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at

DETAIL 1

ALTERNATE TERMINAL
CONFIGURATIONS

Units MILLIMETERS

Dimension Limits|  MIN | Nom | MAX
Number of Terminals N 24
Pitch e 0.50 BSC
Overall Height A 0.80 0.85 0.90
Standoff Al 0.00 0.035 0.05
Terminal Thickness A3 0.203 REF
Overall Length D 4.00 BSC
Exposed Pad Length D2 250 | 260 | 270
Overall Width E 4.00 BSC
Exposed Pad Width E2 2.50 2.60 2.70
Terminal Width b 0.20 0.25 0.30
Terminal Length L 0.35 0.40 0.45
Terminal-to-Exposed-Pad K 0.20 - -
Wettable Flank Step Length D3 - - 0.085
Wettable Flank Step Height A4 0.10 - 0.19

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. Package is saw singulated

3. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-21483 Rev A Sheet 2 of 2
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24-Lead Very Thin Plastic Quad Flat, No Lead Package (U3B) - 4x4 mm Body [VQFN]
With 2.6mm Exposed Pad and Stepped Wettable Flanks; Atmel Legacy ZCY

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

i c1l
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RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width X2 2.70
Optional Center Pad Length Y2 2.70
Contact Pad Spacing C1 4.00
Contact Pad Spacing C2 4.00
Contact Pad Width (X24) X1 0.30
Contact Pad Length (X24) Y1 0.85
Contact Pad to Center Pad (X24) Gl 0.23
Contact Pad to Contact Pad (20) G2 0.20
Thermal Via Diameter V 0.30
Thermal Via Pitch EV 1.00

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-23483 Rev A Sheet 1 of 2
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8.3

36-VQFN (LAN8672 Only)

36-Lead Very Thin Plastic Quad Flat, No Lead Package (LNX) - 6x6x1.0 mm Body [VQFN]
With 4.4 mm Exposed Pad and Stepped Wettable Flanks

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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36-Lead Very Thin Plastic Quad Flat, No Lead Package (LNX) - 6x6x1.0 mm Body [VQFN]
With 4.4 mm Exposed Pad and Stepped Wettable Flanks

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
Units MILLIMETERS

Dimension Limits|  MIN [ NOM | MAX
Number of Terminals N 36
Pitch e 0.50 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.203 REF
Overall Length D 6.00 BSC
Exposed Pad Length D2 430 | 440 | 450
Overall Width E 6.00 BSC
Exposed Pad Width E2 4.30 4.40 4.50
Terminal Width b 0.20 0.25 0.30
Terminal Length L 0.30 0.40 0.50
Terminal-to-Exposed-Pad K 0.20 - -
Exposed Pad Corner Chamfer CH 0.35 REF
Step Height A4 0.10 - 0.19
Step Length D3 0.035 0.060 0.085

Notes:

1.
2.

3. Dimensioning and tolerancing per ASME Y14.5M

Pin 1 visual index feature may vary, but must be located within the hatched area.

Package is saw singulated

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-501 Rev B Sheet 2 of 2
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36-Lead Very Thin Plastic Quad Flat, No Lead Package (LNX) - 6x6x1.0 mm Body [VQFN]
With 4.4 mm Exposed Pad and Stepped Wettable Flanks

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN [ Nom [ MAX
Contact Pitch E 0.50 BSC
Center Pad Width X2 4.50
Center Pad Length Y2 4.50
Contact Pad Spacing C1 5.90
Contact Pad Spacing C2 5.90
Contact Pad Width (Xnn) X1 0.30
Contact Pad Length (Xnn) Y1 0.85
Contact Pad to Center Pad (Xnn) G1 0.20
Contact Pad to Contact Pad (Xnn) | G2 0.20
Thermal Via Diameter V 0.33
Thermal Via Pitch EV 1.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-2501 Rev B
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9. Package Marking Information

Figure 9-1. LAN8670 Top Mark
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Figure 9-2. LAN8671 Top Mark
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Legend:

LAN8670 Device Identifier

r Product Revision Code

yy last two digits of Assembly Year

ww Assembly Work Week

nnn Tracking Number

cc Country of Origin Abbreviation (optional)

Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (&3)
can be found on the outer packaging for this package.

Legend:

8671 Device Identifier (LAN8671)

r Product Revision Code

y last digit of Assembly Year

ww Assembly Work Week

nnn Tracking Number

cc Country of Origin Abbreviation (optional)

Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (&)
can be found on the outer packaging for this package.
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Figure 9-3. LAN8672 Top Mark

Legend:

LAN8672 Device Identifier

r Product Revision Code

yy last two digits of Assembly Year

ww Assembly Work Week

nnn Tracking Number

cc Country of Origin Abbreviation (optional)

Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (&)
L A N 8 6 7 2 can be found on the outer packaging for this package.
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10. Data Sheet Revision History

Table 10-1. Data Sheet Revision History

DS60001573A (Aug-2019) All Initial Release
DS60001573B (Feb-2021) All Updated Release for RevB1
DS60001573C (Jun-2021) 3 Separating unused pins that are internally connected (DNC) from those
which are internally unconnected (NC)
7.5 Updated VIS-VDDP input hysteresis; VO-VDDP, VOH-VDDP output
high level drive currents; ICLK input voltage limits
7.6.2 Updated typical rise/fall times
7.6.6 Updated MIl TXD/TXEN setup time
7.6.7 Updated RMII RXD/RXER/CRSDV output valid time
7.7 Updated 10BASE-T1S PMA Electrical Characteristics
71 Updated ESD Machine Model rating
4.7 Added initialization and configuration sequence
492 Added PLCA diagnostics
6.6 Added reference schematics
All Various editorial changes
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The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

» Embedded Solutions Engineer (ESE)
* Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support
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Product Identification System

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. XX Xy - X / XXX
Device Product Tape and Temperature Package
Revision Reel Option Grade Type
Device: LAN8670 10BASE-T1S Ethernet PHY Transceiver, MII/RMII

LAN8671 10BASE-T1S Ethernet PHY Transceiver, RMII
LAN8672 10BASE-T1S Ethernet PHY Transceiver, Mll

Product Revision: XX Two character code specifying product
revision
Tape and Reel Option: Blank Standard packaging (tray)
T Tape and Reel(")
Temperature Grade: E -40°C to +125°C Extended range
Package Type: LMX 32-pin VQFN (LAN8670 only)
U3B 24-pin VQFN (LAN8671 only)
LNX 36-pin VQFN (LAN8672 only)

* LANB8670B1-E/LMX - 10BASE-T1S Ethernet PHY Transceiver, MII/RMII, Revision B1, Standard tray packaging,
32-VQFN package, -40°C to +125°C

+ LAN8671B1-E/U3B - 10BASE-T1S Ethernet PHY Transceiver, RMIl, Revision B1, Standard tray packaging,
24-VQFN package, -40°C to +125°C

* LANB8672B1-E/LNX - 10BASE-T1S Ethernet PHY Transceiver, Mll, Revision B1, Standard tray packaging,
36-VQFN package, -40°C to +125°C

* LAN8670B1T-E/LMX - 10BASE-T1S Ethernet PHY Transceiver, MII/RMII, Revision B1, Tape and Reel
packaging, 32-VQFN package, -40°C to +125°C

Note:

1. Tape and Reel identifier only appears in the catalog part number description. This identifier is used for ordering
purposes and is not printed on the device package. Check with your Microchip Sales Office for package
availability with the Tape and Reel option.
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Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

* Microchip products meet the specifications contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is secure when used in the intended manner and under normal
conditions.

» There are dishonest and possibly illegal methods being used in attempts to breach the code protection features
of the Microchip devices. We believe that these methods require using the Microchip products in a manner
outside the operating specifications contained in Microchip’s Data Sheets. Attempts to breach these code
protection features, most likely, cannot be accomplished without violating Microchip’s intellectual property rights.

» Microchip is willing to work with any customer who is concerned about the integrity of its code.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable.” Code protection is constantly
evolving. We at Microchip are committed to continuously improving the code protection features of our products.
Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act.
If such acts allow unauthorized access to your software or other copyrighted work, you may have a right to sue
for relief under that Act.

Legal Notice

Information contained in this publication is provided for the sole purpose of designing with and using Microchip
products. Information regarding device applications and the like is provided only for your convenience and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL OR
CONSEQUENTIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION. Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,
and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or
expenses resulting from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox,
KeelLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo,
MOST, MOST logo, MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip
Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer,
Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, FlashTec, Hyper Speed
Control, HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC,
ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra,
TimeProvider, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, Augmented Switching,
BlueSky, BodyCom, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController,
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dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, IdealBridge,
In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connectivity, JitterBlocker, maxCrypto,
maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach,
Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE,
Ripple Blocker, RTAX, RTG4, SAM-ICE, Serial Quad I/O, simpleMAP, SimpliPHY, SmartBuffer, SMART-I.S., storClad,
SQlI, SuperSwitcher, SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck, VariSense,
VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of
Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2021, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
ISBN: 978-1-5224-8404-2

Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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Chandler, AZ 85224-6199 China - Beijing India - New Delhi Fax: 43-7242-2244-393
Tel: 480-792-7200 Tel: 86-10-8569-7000 Tel: 91-11-4160-8631 Denmark - Copenhagen
Fax: 480-792-7277 China - Chengdu India - Pune Tel: 45-4485-5910
Technical Support: Tel: 86-28-8665-5511 Tel: 91-20-4121-0141 Fax: 45-4485-2829
www.microchip.com/support China - Chonggqing Japan - Osaka Finland - Espoo
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