MICROCHIP

LAN8650/1

10BASE-T1S MAC-PHY Ethernet Controller with SPI

Description

The LAN8650/1 combines a Media Access Controller
(MAC) and an Ethernet PHY to enable low-cost
microcontrollers, including those without an on-

board MAC, to access 10BASE-T1S networks. The
common standard Serial Peripheral Interface (SPI)

of the LAN8650/1 allows interfacing with nearly any
microcontroller, so that the transfer of Ethernet packets
and LAN8650/1 control/status commands are performed
over a single, serial interface. SPI also requires only 4
pins, enabling a simpler hardware interface with fewer
pins than MIl or RMII.

Ethernet packets are segmented and transferred over
the serial interface according to the OPEN Alliance
10BASE-T1x MAC-PHY Serial Interface specification.
The serial interface protocol can simultaneously transfer
both transmit and receive packets between the station
controller and the LAN8650/1. Packets are typically
stored within the LAN8650/1 before being forwarded

to either the station microcontroller or to the network.
Alternatively, packets may be transferred in a cut-through
mode for applications needing reduced latency.

Highlights
* High-performance 10BASE-T1S single-pair
Ethernet PHY

— Designed to IEEE Std. 802.3¢cg" -2019
— 10 Mbit/s over a single balanced pair of
conductors
» 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 PHYSs, reducing costs for cabling and
switch ports
* Integrated Media Access Controller (MAC)
— Optional frame filtering to limit incoming
packets
* Industry standard Serial Peripheral Interface (SPI)
— Designed to the OPEN Alliance 10BASE-T1x
MAC-PHY Serial Interface specification, V1.1
— Supports clock rates up to 25 MHz
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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

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

» Supports time-sensitive networking by timestamping
frame ingress and egress

+ EtherGREEN" Energy Efficiency

— Low power 10BASE-T1S PHY operation
— Ultra-low power sleep mode

— Wake up triggered by either MDI activity or
local WAKE_IN

— WAKE_OUT pulse assertion
— INH output for enable/disable of ECU supply
» Over-temperature and under-voltage protection
» Comprehensive status interrupt support
» 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
(LAN8651)

» Small footprint 32-pin (5 x5 mm) VQFN package
with wettable flanks

* -40°C to +125°C extended temperature range

Target Applications

» Sensor/actuator networks operating at high
bandwidth

* Industrial control cabinets and machine control
+ Building automation

* Audio networks delivering multiple streams such as
hands-free microphones and loudspeakers
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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 1 (0001b) as shown below.

Table 1. Conformity Table

Product Revisionl Silicon Revisiong Data Sheet Revision

BO Rev 1 (0001b) DS60001734C

Notes:
1. The product revision is noted in the package top marking.

2. The silicon revision is obtained by reading the Revision field from the Device Identification (DEVID) register.

Related Links
10.2. Package Marking Information
11.6.5. DEVID
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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
SPI Serial Peripheral Interface
STA Station management entity
© 2023 Microchip Technology Inc. Data Sheet DS60001734C-page 6

and its subsidiaries



LAN8650/1

Preface

1.2 Buffer Types
Table 1-2. LAN8650/1 Buffer Type Descriptions

B el ]

Al
AlO
ICLK
OCLK
PU

VI-VDDAU
VIO-VDDP
VIS-VDDP
VO-VDDP
VODH-VDDAU
VOH-VDDP

Analog input

Analog bi-directional
Oscillator input

Crystal oscillator output

55kQ (typical) internal pull-up.

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 input (VDDAU power domain)

Configurable as either VIS-VDDP or VO-VDDP
3.3V Schmitt-triggered input (VDDP power domain)
3.3V output (VDDP power domain)

3.3V open-drain output (VDDAU power domain)
3.3V high-speed output (VDDP power domain)

Note: Digital signals are not 5V tolerant.

© 2023 Microchip Technology Inc. Data Sheet DS60001734C-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 Read: A register or bit with this attribute can be read.

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

RO Read Only: A register of bit with this attribute is read only; writing has no effect.

\Ye] Write Only: If a register or bit is write-only, reads will return unspecified data.

W18 Write One to Set: Writing a one sets the value. Writing a zero has no effect.

w1C Write One to Clear: Writing a one clears the value. Writing a zero has no effect.

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

SC 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.

NASR Not Affected by Software Reset: The state of NASR bits do not change on assertion of a software reset.

RESERVED 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.

14 Reference Documents

1. |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

2. |EEE Std 802.3™-2018, IEEE Standard for Ethernet.
standards.ieee.org/standard/802_3-2018.html

3. LANB86xx Bus Interface Network (BIN) Reference Design Application Note, DS60001718, Microchip
www.microchip.com/DS60001718

4. LANB8650/1 Configuration Application Note, DS60001760, Microchip
www.microchip.com/DS60001760

5. TC14/TC6 - 10BASE-T1x MAC-PHY Serial Interface, Version 1.1, OPEN Alliance, 2021.

6. TC14 - 10BASE-T1S Implementation Specification, Draft V0.3, OPEN Alliance, 2022.

7. TC14 - Advanced Diagnostic Features for 10BASE-T1S Automotive Ethernet PHYs, Version 1.1, OPEN
Alliance, 2022.
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Introduction

General Description

The Microchip LAN8650/1 is a 32-pin, stand-alone Ethernet Controller which includes a 10BASE-T1S Ethernet
physical layer transceiver (PHY), a Medium Access Controller (MAC) and an industry standard Serial Peripheral
Interface (SPI) to enable low-cost microcontrollers to support standard networking software stacks over one
inexpensive balanced pair of wires. A block diagram is shown below.

Figure 2-1. Block Diagram

RESET_N
Clock | Registers
XTI and Reset
XTO «
Standard
Interrupt N
Handling > IRQ_N
WAKE_IN Vendor Specific
WAKE_OUT <« Wake R
and Sleep
INH «
PHY
MAC
Spl > SPI Control J—’
SDO « RE
SCLK Interface —
< 1> SPI Data lelp| Packet . o P | 10BASE-T1S > TRXN
N Handling MAC RX PHY L1 » TRXP
I
Frame
Filtering

The 10BASE-T1S PHY is designed according to the IEEE Std 802.3cg™-2019 specification and provides 10 Mbit/s
half-duplex transmit and receive capability over a single balanced pair of wires such as Unshielded Twisted Pair
(UTP) cable. It allows for the creation of both half-duplex 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 can support up to at least

8 nodes on one mixing segment, which can be up to at least 25m long. The ability to connect multiple PHYs to a
common mixing segment reduces weight and implementation costs by reducing cabling, connectors and switch ports.
Access to the physical medium is managed by CSMA/CD and optionally supplemented by Physical Layer Collision
Avoidance (PLCA).

The LAN8650/1 includes an Ethernet MAC to enable low-cost microcontrollers to communicate over 10BASE-T1S via
an ordinary SPI interface; there is no need for an on-chip MAC or a high pin count MIl. The MAC is 802.3 compliant
and includes frame filtering to limit incoming packets.

A host microcontroller communicates with the MAC using a SPI port, according to the OPEN Alliance TC6
10BASE-T1x MAC-PHY Serial Interface specification, which describes not only transfer of Ethernet data, but also
configuration and management of control and status registers. The LAN8650/1 can accommodate a SPI clock of up
to 25 MHz. The host controller can receive an interrupt from the LAN8650/1 or trigger a reset via the reset pin.

Microchip’s LAN8650/1 EtherGREEN energy efficient technology provides low power 10BASE-T1S PHY operation
along with an ultra-low power sleep mode with flexible wake options.

The LAN8650/1 supports time-sensitive networking by time stamping frame ingress and egress as described in the
OPEN Alliance 10BASE-T1x MAC-PHY Serial Interface specification.

© 2023 Microchip Technology Inc. Data Sheet DS60001734C-page 9
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Introduction

The LAN8651 includes an integrated low-dropout (LDO) regulator to simplify designs where only 3.3V supplies are

available.

The LAN8650/1 Family
The Microchip LAN8650/1 family includes the following devices:

* LANB8650
+ LANB8651

Device specific features that do not pertain to the entire LAN8650/1 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. LAN8650/1 Family Feature Matrix

Part Number SPI S

LAN8650 32-VQFN

LAN8651 32-VQFN

Example Systems

X

X

upport | Integrated | PLCA Support | INH Pin WAKE_IN
1.8V LDO Support | Pin Support
X X X X

X X

X

WAKE_OUT | -40° to +125°C
Pin Support
X X

X

A simple system-level block diagram for the LAN8650/1 is shown in Figure 2-2, below. This system does not use
sleep mode, so VDDA and VDDAU can be treated as the same supply and VDDP must only be properly isolated
from the analog supplies. When using the LAN8651 which has an internal voltage regulator, no external 1.8V supply

is needed.

Figure 2-2. Simple System Using LAN8650/1

Host MCU

;T T
| 1.8V | 3.3V
| |
| |
| |
LAN8650
| only | —
| (vppc | vDbP VDDA VDDAU )

—_——

10 Mbps TRXN
Ethernet

MAC TRXP —

LAN8650/1

_| MDI-
_| MDI+

Figure 2-3 shows a system which is designed to use the low power sleep mode so the constant voltage supply
VDDAU is separate from the other voltage supplies. VDDA and VDDP will be disabled in sleep mode as is the 1.8V
supply, required when using the LAN8650. In this particular system, the host will initiate sleep mode and then ensure
that all inputs to the LAN8650/1 are high-impedance. In a system where external power supplies are required to
remain active while other devices shut down, the LAN8650/1 can drive the INH pin for a programmable delay period
before entering sleep mode. In this example, the host will bring the LAN8650/1 out of sleep using WAKE_IN and
other devices can then be awakened via WAKE_OUT. The advanced features available on the DIO pins are also
available to the host microcontroller in this system.

© 2023 Microchip Technology Inc.
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Figure 2-3. System with Sleep Mode and Advanced Features Using LAN8650/1

Regulator

only

LAN8650

© 2023 Microchip Technology Inc.
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Pin Descriptions and Assignments

3. Pin Descriptions and Assignments

The pin assignments for the LAN8650/1 are detailed in the following sections. Pin descriptions are detailed in the Pin
Descriptions section. Pin buffer type definitions are provided in the Buffer Types section.

Related Links
1.2. Buffer Types
3.3. Pin Descriptions

3.1 LAN8650 Pin Assignments
Figure 3-1. LAN8650 32-VQFN Pin Assignments

z
£ -
B z & < v Z
i ZE8¢gc &
E E B > K oKX o2 >
al sl oigl il iml gl isl iwml
‘:’ ':’ | ‘:’ } ‘t‘ ‘Z‘ ‘1‘ ‘t‘ } ‘j
INH [ 1) {24 | WAKE_OUT
,,,,,, D@ _
,,,,,, I o]
VSS | 2) | | (23 | DIOA4
I I
,,,,,, . I | Jo—
vss 3, | | (22| DI0A3
I I
,,,,,, . | . . Jo—
TEST [4) | Microchip | (21| vbpC
,,,,,, ‘ ! 2
I I
vss 5 | LAN8650 | (20| DI0A2
—————— ’ i (Top View 32-VQFN) |
vopc [6) | | (19| proat
""" I I —
I I
vDDP [ 7 | | (18| DIOAO
""" | Thermal slug connects to VSS | B
L_____ ThermalslugconnedtstoVsS ____ ]
RESET N [ 8 (17| vDDP

SDO
CS N
SCLK

DIOBI | 14}

DIOBO | 16

IRQ N [ 97

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

Table 3-1. LAN8650 32-VQFN Pin Assignments

1 INH 17

VDDP
2 VSS 18 DIOAO
3 VSS 19 DIOA1
4 TEST 20 DIOA2
5 VSS 21 VDDC
6 VDDC 22 DIOA3
7 VDDP 23 DIOA4
8 RESET_N 24 WAKE_OUT
9 IRQ_N 25 VDDAU
10 SDO 26 RBIAS
11 CS_N 27 XTI
12 SCLK 28 XTO
13 SDI 29 VDDA
14 DIOB1 30 TRXP
15 VDDC 31 TRXN
16 DIOBO 32 WAKE_IN
Exposed Pad (VSS) must be connected to ground.
© 2023 Microchip Technology Inc. Data Sheet DS60001734C-page 13
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3.2 LAN8651 Pin Assignments

Figure 3-2. LAN8651 32-VQFN Pin Assignments

| WAKE_IN

INH
VSS
VSS
TEST
VSS
DNC
VDDP

RESET_N

RBIAS
{25 | vDDAU

(24
,,,,,,,,,,,,,,,,,,,,,,,,, .
|
i 23
[ Nl
i ]
| (22
[
|
. . v
Microchip L
[
|
LAN8651 o
(Top View 32-VQFN) b ]
|
)
[
|
]
! (18
Thermal slug connects to VSS } ——————
a7

Note:

IRQN 9

SDO | 10)

CS N
SCLK
SDI
DIOBI
DNC
DIOBO

Exposed pad (VSS) on bottom of package must be

WAKE_OUT
DIOA4
DIOA3
ccomp
DIOA2
DIOA1
DIOAO

VDDP

connected to ground
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Table 3-2. LAN8651 32-VQFN Pin Assignments

1 INH 17

© 0 N O g A ODN

-
o

12
13
14
15
16

VSS
VSS
TEST
VSS
DNC
VDDP
RESET_N
IRQ_N
SDO
CS_N
SCLK
SDI
DIOB1
DNC
DIOBO

Exposed Pad (VSS) must be connected to ground.

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

VDDP
DIOAO
DIOA1
DIOA2
CCOMP
DIOA3
DIOA4
WAKE_OUT
VDDAU
RBIAS
XTI
XTO
VDDA
TRXP
TRXN
WAKE_IN

© 2023 Microchip Technology Inc.
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Pin Descriptions

This section contains descriptions of the various LAN8650/1 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.

Table 3-3. Serial Peripheral Interface (SPI) Pins

Serial Clock SCLK VIS-VDDP Serial clock input

Serial Data In SDI VIS-VDDP Serial data input

Serial Data Out SDO VOH-VDDP Serial data output

Serial Chip Select CS_N VIS-VDDP (PU) | Serial peripheral chip select
Interrupt IRQ_N VO-VDDP (PU) Device interrupt. Active low.

Note: In some cases, the host controllers may require a 10 kQ
(typical) pull-up to its /O power supply.

Table 3-4. Ethernet Transceiver Pins

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

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

Table 3-5. Power Management Pins

Inhibit VODH-VDDAU Inhibit. Used to switch on/off the main external voltage
regulators.

This pin operates in the VDDAU domain.
RESET_N assertion does not affect the state of this pin.

This signal is an active high, p-channel open-drain source
output. The pin will be driven to VDDAU to inhibit the shutdown
of external voltage regulators. When the external regulators
may be shutdown, this pin will become high impedance.

Note: When used, this pin requires a pull-down resistor.

When not used, this pin should be left unconnected.

Wake Input WAKE_IN VI-VDDAU Wakeup Input. Asserted to move the part out of sleep.

Note: When used, this pin requires a pull-up or pull-down
resistor, depending on the software configured assertion
polarity.

Note: This pin operates in the VDDAU domain.
When not used, this pin should be connected to VSS.

© 2023 Microchip Technology Inc. Data Sheet DS60001734C-page 16
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........... continued

Wake Output WAKE_OUT

Table 3-6. Configurable Pins

VO-VDDP

Wake Output. Asserted when the part wakes out of sleep.
Note: When used, this pin requires a pull-down resistor.
Note: This pin operates in the VDDP domain.

When not used, this pin should be left unconnected.

Configurable Pins DIOAO
DIOA1
DIOA2
DIOA3
DIOA4
DIOBO
DIOB1

Table 3-7. Miscellaneous Pins

VIO-VDDP

For more information, please contact Microchip support at
www.microchip.com/support.

When not used, these pins may be connected directly to
ground. In this case, reserved registers must not be written
except by instruction from Microchip.

External 25 MHz Crystal Input

External 25 MHz Crystal Output XTO
System Reset RESET_N
Bias RBIAS
Resistor

Reserved for Test TEST
Do Not Connect DNC

Table 3-8. Power Pins

VIS-VDDP

VIS-VDDP

ICLK External 25 MHz crystal input.
OCLK External 25 MHz crystal output.
System reset. This pin is active low.

When not used, this pin should be pulled-up to VDDP.

Al 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.

This pin should be connected to VDDP.

This pin should be left floating externally.

Core LDO Supply Compensation CCOMP
+1.8V Switchable Core Power Supply VDDC
Input

+3.3V Switchable I/O Power Supply VDDP
Input

+3.3V Continuous VDDAU Power VDDAU
Supply Input

Internal +1.8V LDO core compensation.
Note: This pin requires a 4.7 pyF low ESR capacitor to the PCB ground
plane.

Note: This pin is only on the LAN8651.
+1.8V core power supply input. When in sleep mode, this supply must be

disabled.
Note: These pins are only on the LAN8650.

+3.3V I/O power supply input. When in sleep mode, this supply must be
disabled.

+3.3V continuous VDDAU power supply input.
Note: This supply must be provided during sleep mode.

Note: When wake/sleep support is not used, this pin is connected to the
same supply as VDDA.

© 2023 Microchip Technology Inc.
and its subsidiaries
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........... continued
+3.3V Switchable Analog Power VDDA +3.3V analog power supply input. When in sleep mode, this supply must be
Supply Input disabled.
Ground VSS Common ground
Note: The exposed pad must be connected to the ground plane with a via
array.
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Global Functional Descriptions

The following sections provide detailed information on functions, such as reset, power management and clock
management, that affect the device as a whole. Features that are specific to the SPI, MAC, or PHY blocks are
described in later chapters.

Reset and Startup

After the LAN8650/1 leaves reset, it must be configured before it can be used to transmit and receive data over the
10BASE-T1S MDI. This section describes the various reset modes and the startup sequence.

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

Power-On Reset (POR)

A Power-On Reset occurs when power is initially applied to the device, or if any power supply drops below a falling
threshold. The device will remain in reset until all power supplies have passed the appropriate rising threshold, and
the LAN8650/1 is fully operational. The INT_N pin will be asserted and the RESETC (Reset Completed) bit of the

OA_STATUS Register will be set to 1, as specified by the Open Alliance. This indicates to the station controller that
the device has been reset and requires configuration. The rising and falling thresholds are listed below in Table 4-1.

For more information about waking from low-power sleep mode, see the Sleep Mode Section of this document.

Table 4-1. POR Supply Thresholds

Supply Rising Threshold! Falling Threshold?!

VDDAU 2.5V 2.3V
VDDA 2.5V 2.3V
VDDP 1.9V 1.9v
VDDC? 1.5V 1.4V

Notes:
1. Rising and falling threshold voltages are design parameters and are neither tested nor characterized.
2.  The LAN8651 internal 1.8V supply may be monitored externally at the CCOMP pin.

Related Links
11.1.6. OA_STATUSO
4.2. Sleep Mode

External Pin Reset (RESET_N)

A hardware reset will occur when the RESET_N pin is asserted. Once the RESET_N input is deasserted, the
LAN8650/1 will restart operation. The device will indicate to the station's controller that it has been reset and must be
configured in the same way as if a Power-On Reset had occurred: the IRQ_N pin will be asserted and the RESETC
(Reset Completed) bit of the OA_STATUS Register will be set to 1.

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 Timing section.

Related Links

11.1.6. OA_STATUSO

9.6.3. RESET_N Timing

Software Reset
A software reset of the LAN8650/1 is available via the Soft Reset (SW_RESET) bit in the standard OA_CONFIGO0
register.
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Note: The SW_RESET bit of the Clause 22 Basic Control register will reset only the internal PHY, not the entire
device. This PHY only reset is not recommended for use. If such a reset is detected, by reading the RESETC bit of
the STS2 register, reset the entire device.

Related Links

11.1.5. OA_CONFIGO
11.1.17. BASIC_CONTROL
11.5.3. STS2

Startup Sequence

After a reset, the LAN8650/1 indicates to the host that a reset has occurred by asserting the IRQ_N pin, and setting
the RESETC bit of the OA_STATUSO register. The device is now ready to be configured by the host controller before
it can be used to transmit and receive data. When the host accesses the LAN8650/1 via SPI, it will also see that the
SYNC bit of the OA_CONFIGO register and of the data footer are cleared.

Once the host reads the OA_STATUSO, and determines that the cause of the interrupt was a reset, it should
configure the LAN8650/1. As part of this configuration, there are two bits that must be written: the SYNC bit of the
OA_CONFIGO register must be set to indicate that the device is configured and ready to transmit and the RESETC
bit of the OA_STATUSO must be cleared so that IRQ_N line will stop asserting.

© 2023 Microchip Technology Inc. Data Sheet DS60001734C-page 20
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Figure 4-1. LAN8650/1 Startup and Configuration Sequence

Power On
or
RESET_N asserted
or

SW_RESET bit of CONFIGO set

!

Reset

All power supplies above threshold
and
RESET_N deasserted

LAN8650/1 will:

Set RESETC bit of OA_STATUSO

Clear SYNC bit of OA_CONFIGO and data footer.
Assert IRQ_N

h 4

Read OA_STATUSO.
Configuring Write 1 to RESETC bit of OA_STATUSO
Configure LAN8650/1

Set SYNC bit of OA_CONFIGO
Clear RESETC bit of OA_STATUSO

LAN8650/51 will:
Set SYNC bit of data footer
LAN8650/1 will deassert IRQ_N

\ 4

Running

The latest recommended startup configuration can be found in the LAN8650/1 Configuration Application Note.
Additional details for customizing use of the MAC can be found in the Initialization section.

Related Links

1.4. Reference Documents

6.5.1. Initialization
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Sleep Mode

The LAN8650/1 provides an ultra-low power (typically less than 150 yW) sleep mode . In this mode, it will control
the INH pin to disable most external power supplies. Only the uninterrupted supply VDDAU remains active to monitor
and react to user selectable wake events. After a wake event, INH is asserted and the remaining power supplies are
re-enabled. Since the INH pin can control power supplies shared with other devices, this feature allows for an entire
node to enter a low power state, and be awakened by external events.
This section will describe

* how the INH pin can be used to control switched power supplies, including using a delay feature

* how to select what events will wake the LAN8650/1 from sleep

* how to enter sleep mode, including how to configure activity timeouts, when used

* how the LAN8650/1 will behave upon wake and what actions are required

Sleep Mode and System Power Management

Figure 4-2 shows an example of how power should be supplied in a system that will use the low-power sleep mode
of the LAN8650/1. In this diagram, VDDAU is provided by a constant supply, so that it is always enabled, even during
sleep mode. On system power-up, once this supply is active, the INH pin will be asserted so that its active high
output can drive the enable pins of the external switchable supplies for VDDA, VDDP and, for the LAN8650, VDDC.

Figure 4-2. Sleep Mode Example System
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Local or External
-
Wake Source § WAKE_IN WAKE OUT ————————»
< VSS
L

After the device enters sleep mode, the INH pin will enter a high-impedance state. The external resistor will pull the
signal down to ground, which will then disable any voltage sources controlled by INH. This can be used to disable
power to additional devices, including, when needed, the station controller.
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Important: Before entering SLEEP mode, the desired wake configuration must be configured in the
LAN8650/1. It is recommended that this mode is configured immediately after a reset. Details can be found
in the Configuring Wake section.

Some systems may require a delay between the trigger for the start of sleep mode and disable of the local power
supplies, for example, to allow for other nodes on the mixing segment to go quiet. Delay timing is configured with the
Sleep Inhibit Delay (SLPINHDLY) field of the Sleep Control 0 (SLPCTLDO) register. If wake from the WAKE_IN pin is
enabled (WKIEN=1), the WAKE_IN pin must be deasserted before the Sleep Inhibit Delay timer will be started. See
Figure 4-3 for a diagram illustrating the timing from when SLEEP state is commanded until the INH pin is released
and the SLEEP state is entered.

Figure 4-3. Sleep Timing

WKIEN = 0 or WAKE _IN not asserted when sleep triggered

‘4— tsLPINHDLY —p‘

Sleep Trigger Event /‘ \
INH \
Power State ACTIVE )‘( SLEEP

WKIEN = 1 and WAKE_IN asserted when sleep triggered

‘Q—tWKINOFF—}‘Q— tsLPINHDLY —

Sleep Trigger Event

WAKE_IN (WIPOL = 0)

WAKE_IN (WIPOL = 1)

INH \

Power State ACTIVE SLEEP

In sleep mode, a small amount of current is drawn from VDDAU to monitor for a wake condition. The wake condition
can be a WAKE_IN pulse provided from another device, or a signal on the wire harness from another node on
10BASE-T1S network. After a wake condition is detected, INH is actively driven high, enabling the external power
supplies, which should be fully powered within 1 ms of INH being driven high. Once all power supplies are above their
thresholds, the LAN8650/1 will behave as if it had been reset by the RESET_N pin, and will assert IRQ_N to signal
that the device is ready to be configured as shown in Figure 4-1

Important: To achieve maximum power savings when in the SLEEP state, all power supplies except for
VDDAU must be powered down.

Related Links
11.5.15. SLPCTLO
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4.2.2 Configuring Wake-up

The sleep/wake module is powered by the externally protected continuous VDDAU supply and detects a wake
condition when the device is in the SLEEP state. This module monitors activity energy on the MDI interface and/or
wake pulses on the WAKE_IN pin to determine if the device has received wake-up signaling. Once wake-up signaling
has been received and validated, this module will drive the INH pin high to the VDDAU supply to enable the external
switched power supplies.

Prior to entering the SLEEP state, the station controller must configure the device to select one or both of these wake
methods.

4221 MDI Wake-up

The device may be configured to wake from activity on the MDI interface when in the SLEEP state. The device
monitors activity energy on TRXP/TRXN. Continuous activity must be detected for a minimum amount of time to
ensure that false positive wake events are not caused by impulse noise; this time is documented in the Wake Event
Timing section. Once a valid wake event is detected, the INH pin is driven high to the VDDAU supply to re-enable
external power supplies and wake the system..

Wake from MDI is enabled by writing a '1’ to the MDI Wake Enable (MDIWKEN) bit in the Sleep Control 0 (SLPCTLO)
register prior to entering the SLEEP state.

Note: In the LAN8650/1, MDI wake detection was not designed to meet the OPEN Alliance 10BASE-T1S Sleep/
Wake-up Specification, version 1.0. Received energy that is of sufficient length that is detected either from other
nodes transmitting onto the segment or from noise will trigger the device to wake when MDI wake-up is enabled.

Related Links
11.5.15. SLPCTLO

4.2.2.2 WAKE_IN Pin Wake-up

The device may be configured to wake from SLEEP when a valid pulse on the WAKE_IN pin is detected. Pulses with
durations of less than 10 ps are ignored while pulses greater than 40 ys in duration are recognized. Recognition of
wake pulses between 10 ys and 40 ps is undefined. After determination of a valid pulse, the INH pin is driven high to
the VDDAU supply to re-enable external power supplies and wake the system.

Wake-up from detection of a valid WAKE_IN pulse must be enabled by writing a ‘1’ to the WAKE_IN Enable
(WKINEN) bit in the Sleep Control 0 (SLPCTLO) register prior to entering the SLEEP state. The assertion level of
the detected wake pulse is configured by setting the Wake In Polarity (WIPOL) bit in the Sleep Control 1 (SLPCTL1)
register.

Restriction: Assertion of the WAKE_IN pin is only detectable when the device is in the SLEEP state.
When awake and in ACTIVE state the device will not detect pulse assertions on the WAKE_IN pin.

Important: When wake from WAKE_IN is enabled, the device will not enter the SLEEP state while the
WAKE_IN input is asserted. The WAKE_IN pin must be deasserted before the Sleep Inhibit Delay will
occur followed by the INH pin being released and the SLEEP state entered. See Sleep Mode and System
Power Management for more details.

Related Links

11.5.15. SLPCTLO

11.5.16. SLPCTL1

4.2.1. Sleep Mode and System Power Management

4.2.3 Entering Sleep Mode

After wake-up has been configured, the device may at any time be commanded to enter the SLEEP state. This may
be done in one of two ways. The station controller may initiate a transition to SLEEP by writing a ‘1’ to the Sleep
Enable (SLPEN) bit in the Sleep Control 0 (SLPCTLO) register. Alternatively, the device may be configured to enter
SLEEP automatically upon expiration of an inactivity watchdog as detailed below.
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Related Links
11.5.15. SLPCTLO

Inactivity Watchdog

The device includes an inactivity watchdog timer that can be used to automatically command the device into the
SLEEP state. The inactivity watchdog can be used to allow the system to reduce its power consumption when no
activity is present on the network. It can also be used to detect when the controller has malfunctions and is no longer
managing the device; in this case, the watchdog can be used to force the device into the SLEEP state to prevent the
malfunctioning node from consuming power on an inactive network segment.

The inactivity watchdog can be configured to trigger on inactivity of three sources: no receive packets from the
network, no transmit packets from the MAC, and no PHY register access by the controller. Each of these three
inactivity sources may be enabled separately or together in any combination. Once enabled, the watchdog timer will
be reset upon detected activity on any of the selected watchdog sources. When the watchdog expires, the Inactivity
Watchdog Timeout (IWDTO) bit in the Status 2 (STS2) register will be set commanding the transition to the SLEEP
state and initiating the Sleep Inhibit Delay timer. The Inactivity Watchdog Timeout Interrupt Mask (IWDTOM) bit in
the Interrupt Mask 2 (IMSK2) register should be set to assert the PHY Interrupt (PHYINT) status bit in the OPEN
Alliance Status 0 (OA_STATUSO to immediately notify the station controller when the inactivity watchdog expiration
occurs. Once the Inactivity Watchdog Timeout status bit is set, the controller may halt the pending SLEEP transition
by clearing the Inactivity Watchdog Timeout status bit any time before the Sleep Inhibit Delay expires.

Before enabling the inactivity watchdog timer, the inactivity sources to be used for resetting the watchdog timer
when activity occurs must be configured by setting the appropriate bits within the Port Management 2 (PRTMGMT?2)
register:

* Network packet receive inactivity - Media Interface Receive Watchdog Enable (MIRXWDEN)

* MAC packet transmit inactivity - Media Interface Transmit Watchdog Enable (MITXWDEN)

» PHY register access inactivity - PHY Register Inactivity Watchdog Enable (PRIWDEN)
The 32-bit Inactivity Watchdog Timeout (TIMEOUT) field in the Inactivity Watchdog Timeout High/Low (IWDTOH/
IWDTOL) registers configures how long the enabled inactivity sources must show no activity before the watchdog
timer expires. The default setting for the Inactivity Watchdog Timeout yields an inactivity timeout of 2 seconds.
When activity is detected on the inactivity sources, the watchdog timer is reset to the value in the TIMEOUT field.

The watchdog timer then decrements every 200 ns. Should the watchdog timer decrement to zero, the Inactivity
Watchdog Timer expires causing the Inactivity Watchdog Timeout (IWDTO) status bit to become set.

The watchdog is enabled by setting the Inactivity Watchdog Enable (IWDE) bit in the Control 1 (CTRL1) register
after configuring the inactivity sources, the watchdog timeout, and enabling the Inactivity Watchdog Timeout Interrupt
Mask.

Related Links

11.5.1. CTRL1

11.5.3. STS2

11.5.6. IMSK2

11.5.12. PRTMGMT2

11.5.13. IWDTOH

11.5.14. IWDTOL

11.5.15. SLPCTLO

Wake-up

After all of the power supplies of the LAN8650/1 are above thresholds, the device will be in a state similar to a
power-on reset; this includes asserting IRQ_N to indicate that the device is ready for configuration. Unlike a power-on
reset, after wake-up two registers will contain information about the wake event, and, if configured, wake forwarding
will automatically send wake signals to additional devices. As after any reset, the device must be reconfigured, as
described in the section Startup Sequence.

The host controller can identify that the device was powered up from a wake event, by examining the Wake Indication
(WAKEIND) bit in the Sleep Control 1 (SLPCTL1) register. This bit will be set to ‘1’ if the device was powered up from
a wake event, otherwise it will be ‘0’. The Wake-up MDI (WKEMDI) and Wake-up WAKE_IN (WKEWI) status bits in
the Status 2 (STS2) register are also set indicating the source of the wake event. Once the device has awakened, it
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will continue to drive the INH pin high causing the ECU to remain awake until the controller initiates a new transition
into the SLEEP state. The device may optionally be configured to forward a received wake event to other devices
by driving a wake pulse on WAKE_OUT and/or activity signaling on the MDI. The device wake/sleep configuration is
reset to its default state upon wake-up and must be reconfigured as desired prior to sleeping again.

Important: After the LAN8650/1 has awakened, the controller must clear the Wake Indication (WAKEIND)
bit to reset the wake activity detector prior to enabling entry into the SLEEP state again. This is
accomplished by first writing the Clear Wake Indication (CLRWKI) bit in the Sleep Control 1 register to

a ‘1’ followed with a second write back to ‘0’.

Related Links
11.5.16. SLPCTL1
11.5.3. STS2

MDI Wake Forwarding

The device may be configured to generate activity signaling on the MDI upon wake from SLEEP due to a wake
pulse on WAKE_IN. The wake signaling consists of a 1 ms transmission of differential Manchester encoded pseudo-
random binary data. The device will not listen for activity on the network prior to transmitting the wake signaling.

Enabling of MDI wake activity forwarding is accomplished by setting the MDI Forward Enable (MVDIFWDEN) bit of the
Sleep Control 1 (SLPCTL1) register. Automatic forwarding of WAKE_IN wake events to the MDI must be configured
prior to entering the SLEEP state.

Note: MDI wake signaling was not designed to meet the OPEN Alliance 10BASE-T1S Sleep/Wake-up Specification,
version 1.0.

Related Links
11.5.16. SLPCTLA1

WAKE_OUT Pin Wake Forwarding

The WAKE_OUT pin may be configured to assert for 90 ys upon wake from SLEEP due to MDI activity or a wake
pulse on WAKE_IN. Enabling of WAKE_OUT pin forwarding is accomplished by setting the WAKE_OUT Forward
Enable (WKOFWDEN) bit of the Sleep Control 1 (SLPCTL1) register prior to entering the SLEEP state. Automatic
forwarding of wake events to the WAKE_OUT pin must be configured prior to entering the SLEEP state.

Important: The WAKE_OUT pin operates from the VDDP power domain and therefore will only be
asserted once the external VDDP supply has been powered.

Related Links
11.5.16. SLPCTL1

Manual Wake Assertion

While powered up in the ACTIVE state, the station controller may wish to initiate a wake-up event to the network
and/or additional devices. This may be accomplished by triggering a manual wake forward event by writing a ‘1’ to
the Manual Wake Forward (MWKFWD) bit in the Sleep Control 1 (SLPCTL1) register. Once set, the device will initiate
wake activity on the MDI if the MDI Wake Forward Enable (MDIWFWD) bit is set. Additionally, or alternatively, a wake
pulse may be initiated to the WAKE_OUT pin if the WAKE_OUT Forward Enable (WKOFWDEN) bit is set. Once the
wake events have completed, the device will clear the Manual Wake Forward bit.

Related Links
11.5.16. SLPCTLA1
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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. The crystal oscillator should
be in a fundamental, parallel resonant mode. Figure 4-4 depicts the external circuitry connected to the LAN8650/1
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.

Figure 4-4. Crystal Oscillator Input
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Related Links
9.7. Clock Circuit

Safety Notifications

The LAN8650/1 may be configured to perform temperature and voltage environmental monitoring and alert the
station controller when operational parameters are at risk of being exceeded. This section describes the monitoring of
power supplies and die junction temperature for safe operation within operational limits.

Under Voltage Detection

The LAN8650/1 is able to detect a brown-out condition on each of the 1.8V and 3.3V power supplies. Details for
monitoring each of the power supplies is contained in the following sections.

Under-Voltage Detection (3.3V Supply)

The device is able to detect a voltage source brown-out condition. The under-voltage condition is triggered when
the VDDA or VDDAU supplies drop below a 3.05V (-7.5% nominal) threshold causing the assertion of the 3.3V
supply Under-Voltage (UV33) status bit in the Status 2 (STS2) register. If the interrupt status is not masked via the
3.3V Under-Voltage Interrupt Mask (UV33M) bit in the Interrupt Mask 2 (IMSK2) register, the PHY Interrupt status
(PHYINT) bit in the OPEN Alliance Status 0 (OA_STATUSO) register will assert. The 3.3V Under-Voltage status bit
will not be cleared until the supply voltage rises above the minimum threshold.

To prevent false brown-out detection due to power supply noise, the supply voltage must remain below the minimum
threshold for greater than 200 ps before the under-voltage condition will be triggered. The debounce time may

be adjusted by configuring the 3.3V supply Under-Voltage Filter Time (UV33FTM) field of the Analog Control 5
(ANALOGS) register.

Related Links

11.5.3. STS2

11.5.6. IMSK2

11.5.17. ANALOG5
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Under Voltage Detection (1.8V Supply)

The under-voltage condition is triggered when the 1.8V core supply drops below a 1.665V (-7.5% nominal)

threshold causing the assertion of the 1.8V supply Under-Voltage (UV18) status bit in the OPEN Alliance Status 1
(OA_STATUSH1) register. In case of the 1.8V supply, both the LAN8650 externally sourced and the LAN8651 internally
generated LDO 1.8V supplies are monitored. If the interrupt status is not masked via the 1.8V Under-Voltage
Interrupt Mask (UV18M) bit in the OPEN Alliance Mask 1 (OA_MASK1) register, the IRQ_N pin will assert. The 1.8V
Under-Voltage status bit will not be cleared until the supply voltage rises above the minimum threshold.

To prevent false brown-out detection due to power supply noise, the supply voltage must remain below the minimum
threshold for greater than 5.12 us before the under-voltage condition will be triggered. The debounce time may be
adjusted by configuring the 1.8V supply Under-Voltage Filter Time (UV18FTM) field of the Miscellaneous (MISC)
register.

Related Links

11.1.7. OA_STATUS1

11.1.10. OA_MASK1

11.6.4. MISC

Over-Temperature Detection

A mechanism is provided within the device to detect when the die temperature exceeds a threshold. As shown

in Table 4-2, there is a rising and falling die temperature threshold. The over-temperature condition is triggered
when the rising temperature threshold is exceeded causing the assertion of the Over-Temperature Error (OT) status
bit in the Status 2 (STS2) register. If the interrupt status is not masked via the Over-Temperature Error Interrupt
Mask (OTM) bit in the Interrupt Mask 2 (IMSK2) register, the PHY Interrupt status (PHYINT) in the OPEN Alliance
Status 0 (OA_STATUSO) register will assert. The Over-Temperature Error status bit will not be cleared until the die
temperature falls below the falling temperature threshold.

Regardless of the state of the Over-Temperature Error status bit, the device disables this function when in the SLEEP
power state and the PHYINT status bit will not be asserted.

Table 4-2. Over-Temperature Thresholds

Die Over-Temperature Threshold
Rising Temperature Twh 135 154 oCc

Falling Temperature Twl 121 139 @

Note: This table contains characterization data from a limited number of representative devices. The values are measured values and are not
guaranteed.

Related Links

11.5.3. STS2
11.5.6. IMSK2
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Serial Peripheral Interface (SPI)

The LAN8650/1 is designed to conform to the OPEN Alliance 10BASE-T1x MAC-PHY Serial Interface specification,
Version 1.1. The IEEE Clause 4 MAC integration provides the low pin count standard SPI interface to any
microcontroller therefore providing Ethernet functionality without requiring MAC integration within the microcontroller.

The LAN8650/1 operates as an SPI client supporting SCLK clock rates up to a maximum of 25 MHz. This SPI
interface supports the transfer of both data (Ethernet frames) and control (register access).

Table 5-1. SPI Pins

I

Serial Data In Input
SDO Serial Data Out Output
CS_N Chip Select (active low) Input
SCLK Serial Clock Input

IRQ_N Interrupt Request (active low) | Output

SPI Format

The LAN8650/1 receives the SPI serial bit clock, SCLK, from the SPI host microcontroller. On the rising edge of
SCLK the data is captured, while on the falling edge of SCLK the data will change. The data on SDI and SDO is
always transferred most significant bit/byte first.

Figure 5-1. SPI Clock Polarity/Phase Mode

CS_N | SS

r
s [ L L1 $ e
sDl — Msb X Msb-1 Y Msb-2 XjD Lsb+1 Y Lsb

X
SDO —( Msb X MSb-1 X MSb-2 Xllll\/ X Lsb+1 X Lsb X

There are two types of SPI transactions, each with a different transaction protocol:

» Ethernet MAC Frame data transactions

» Control transactions (access to status and control registers)
The CS_N pin must be asserted (driven low) by the SPI host to begin a transaction on SDI and SDO. The CS_N pin
is de-asserted (released) by the SPI host when the transaction completes. CS_N must also be de-asserted between

different types of transactions (Ethernet data vs Control). Multiple Ethernet data frames may be transmitted under a
single CS_N assertion, but CS_N must be toggled and re-asserted again for every Control transaction.

MAC Frame Data Transactions

All Ethernet MAC frame data transactions consist of chunks. A chunk is the block of Ethernet frame data consisting
of 32-bit header or footer plus a fixed size of data payload bytes. Each transaction will have an equal number of
transmit and receive data chunks. Not all data within each data chunk payload is required to all be valid. A transmit
data chunk will be preceded with a 32-bit header indicating which bytes of the following data payload is valid while a
receive data chunk will be concluded with a 32-bit footer indicating which bytes of the following data payload is valid.
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By default, the chunk data payload is 64 bytes in size. A smaller payload data size of 32 bytes is also supported and
may be configured in the Chunk Payload Size (CPS) field of the Configuration 0 (OA_CONFIGO) register. Changing
the chunk payload size requires the LAN8650/1 be reset and shall not be done during normal operation.

Figure 5-2. Transmit and Receive Data Chunk Formats

Header
32 bits

Transmit Ethernet Frame Payload from SPI Host on SDI

4-Byte Transmit Header + Chunk Payload Bytes

Receive Ethernet Frame Payload to SPI Host on SDO gg%tﬁsr
L J
Chunk Payload Bytes + 4-Byte Receive Footer
5.2.1 MAC Frame Data Header
The following table depicts the breakdown of the 32-bit transmit data header.
Table 5-2. Transmit Data Header Format
Bit 31 30 29 28 27 26 25 24
[ DNC=t | SEQ | NORX | 0 | 0 0 0 0 |
Bit 23 22 21 20 19 18 17 16
| Vs | DV | sv | swo |
Bit 15 14 13 12 11 10 9 8
| 0 EV | EBO |
Bit 7 6 5 4 3 2 1 0
| TSC | 0 | 0 | 0 | 0 | 0 P |
Bit 31 -DNC  Data, Not Control - Flag indicating the type of transaction, data or control.
0 Control (register read/write)
1 Data (Ethernet frame)
Note: The DNC bit is always set to indicate an Ethernet data chunk transaction.
Bit 30 - SEQ Data Chunk Sequence - Indication of data chunk sequence (even or odd). This bit is ignored by
the LAN8650/1.
Bit 29 - NORX No Receive - The host MCU will set this bit to indicate to the LAN8650/1 that it will ignore any
receive Ethernet frame data sent on SDO during this chunk.
Bits 23:22 - Vendor Specific - This field is reserved for future use. The host MCU shall set these bits to zero.
VS
Bit 21 - DV Data Valid - The host MCU sets this bit to indicate to the LAN8650/1 that valid Ethernet frame data
is being transferred within the chunk data payload.
Bit 20 - SV Start Valid - This bit is set by the host MCU to indicate that the beginning of an Ethernet frame is
contained within the chunk data payload. The beginning of the frame is located by the Start Word
Offset (SWO) field. The SV bit is ignored if the Data Valid bit is ‘0’.
Bits 19:16 - Start Word Offset - This field indicates which 32-bit word of the chunk data payload contains the
SWO first word of a new Ethernet frame. This field is ignored when Data Valid or Start Valid bits are ‘0’.
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Bit 14 - EV

Bits 13:8 -
EBO

Bits 7:6 - TSC

Bit0 -P

End Valid - This bit is set by the host MCU to indicate that the end of an Ethernet frame is
contained within the chunk data payload. The end of the frame is located by the End Byte Offset
(EBO) field. The EV bit is ignored if the Data Valid bit is ‘0’.

End Byte Offset - This field indicated which byte of the chunk data payload contains the last byte
of the end of an Ethernet frame. This field is ignored when Data Valid or End Valid bits are ‘0’.

Time Stamp Capture - The SPI host may use this field to indicate to the LAN8650/1 to capture the
egress timestamp of an Ethernet frame into the specified timestamp capture register.

Note: This field is ignored when frame timestamping is disabled in the Frame Timestamp Enable
(FTSE) bit of the Configuration 0 (OA_CONFIGO) register. This field is ignored in all other
conditions except when the Data Valid (DV) and Start Valid (SV) bits are both set to ‘1’ to indicate
the beginning of a new Ethernet frame transfer.

00 Do not capture frame egress timestamp

01 Capture frame egress timestamp into Transmit Timestamp Capture Register A (TTSCA)
10 Capture frame egress timestamp into Transmit Timestamp Capture Register B (TTSCB)
11 Capture frame egress timestamp into Transmit Timestamp Capture Register C (TTSCC)

Parity - Parity bit over bits 31:1 of the transmit data header field. This field is set such that there is
an odd total number of bits set within the header.

5.2.2 MAC Frame Data Footer
The following table depicts the breakdown of the 32-bit receive data footer.

Table 5-3. Receive Data Footer Format

Bit 31 30 29 28 27 26 25 24
[ EXST | HDRB | SYNC | RCA |
Bit 23 22 21 20 19 18 17 16
| Vs | DV | sv swo |
Bit 15 14 13 12 11 10 9 8
| FD | EV | EBO |
Bit 7 6 5 4 3 2 1 0
| RTSA | RTSP | TXC | P |
Bit 31 - EXST Extended Status - The LAN8650/1 sets this bit any time a status bit is set pending within the
Status 0 (OA_STATUSO) or Status 1 (OA_STATUS 1) registers.
Bit 30 - HDRB Header Bad - Indication that the LAN8650/1 received a transaction header with an invalid parity.
Bit 29 - SYNC Configuration Synchronized - This bit reflects the state of the Configuration Synchronization
(SYNC) bit in the Configuration 0 (OA_CONFIGO) register. A zero indicates that the LAN8650/1
configuration may be unsynchronized with the SPI host. Following configuration, the SPI host
shall set the SYNC bit within the OA_CONFIGO register to enable the transfer of Ethernet frame
data.
Bits 28:24 - Receive Chunks Available - This field reflects the minimum number of chunks of buffered frame
RCA data received from the network that is available for the MCU host to read from the LAN8650/1.
Bits 23:22 - VS Vendor Specific - This field is reserved for future use. The LAN8650/1 will always set these bits
to zero.
Bit 21 - DV Data Valid - TheLAN8650/1 sets this bit to indicate to the SPI host that valid Ethernet frame data
is being transferred within the chunk data payload.
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Bit 20 - SV Start Valid - This bit is set by the LAN8650/1 to indicate that the beginning of an Ethernet frame is
contained within the chunk data payload. The beginning of the frame is located by the Start Word
Offset (SWO) field. The SV bit is ignored if the Data Valid bit is ‘0’.

Bits 19:16 - Start Word Offset - This field indicates which 32-bit word of the chunk data payload contains the
SWO first word of a new Ethernet frame.
Bit 15 - FD Frame Drop - This bit is set when the LAN8650/1 has detected an error in the received Ethernet

frame indicating to the host MCU that the current frame received from SPI should be dropped.
This bit is only valid when End Valid (EV) is set indicating the end of an Ethernet frame.

Bit 14 - EV End Valid - This bit is set by the LAN8650/1 to indicate that the end of an Ethernet frame is
contained within the chunk data payload. The end of the frame is located by the End Byte Offset
(EBO) field. The EV bit is ignored if the Data Valid bit is ‘0’.

Bits 13:8 - EBO End Byte Offset - This field indicated which byte of the chunk data payload contains the last byte
of the end of an Ethernet frame. This field is ignored when Data Valid or End Valid bits are ‘0’.

Bit 7 - RTSA Receive Timestamp Added - When set, this bit indicates that the LAN8650/1 has captured a
frame ingress timestamp and added it to the beginning of the frame in the chunk data payload.

Bit 6 - RTSP Receive Timestamp Parity - When an ingress frame timestamp has been captured and added to
the beginning of a new frame in the chunk data payload as indicated by the Receive Timestamp
Added bit being set, this bit contains the odd parity bit calculated over the timestamp.

Bits 5:1 - TXC Transmit Credits - This field is used to indicate to the SPI host the number of transmit data
chunks which may be sent to the LAN8650/1 without causing a buffer overflow.

Bit0-P Parity - Parity bit over bits 31:1 of the receive data footer field. This field is set such that there is
an odd total number of bits set within the footer.

Ethernet Frame Timestamping

The LAN8650/1 supports timestamping on (transmit) or ingress (receive) of Ethernet frames via the MDI. The Frame
Timestamp Capability (FTSC) bit in the Standard Capabilities (OA_STDCAP) register indicates that the LAN8650/1
supports frame timestamping. Frame timestamping is enabled by setting the Frame Timestamp Enable (FTSE) bit
within the Configuration 0 (OA_CONFIGO) register.

Both 32-bit and 64-bit timestamp formats are supported, as shown in Figure 5-3 and Figure 5-4. Each timestamp
format contains a 30-bit nanoseconds field which rolls over each second to zero at 0x3B9ACAOQ0. The seconds field
is incremented by one each time the nanoseconds field rolls over. The 32-bit timestamp contains a 2-bit seconds field
allowing for a range of 4 seconds. The 64-bit timestamp includes a larger 32-bit seconds field.

Figure 5-3. 32-bit Timestamp Format
31 30 29 0

seconds nanoseconds
2 bits 30 bits

Figure 5-4. 64-bit Timestamp Format
63 32 31 30 29 0

nanoseconds
30 bits

seconds i
32 bits 00

The time stamp is captured by the MAC Time Stamp Unit; time stamps will be captured at the end of the Start-of-
Frame delimiter for both inbound and outbound frames.

Related Links

11.1.5. OA_CONFIGO

6.4.9. Time Stamp Unit

Timestamping - Frame Egress

Transmit timestamping is enabled by setting the Frame Timestamp Enable (FTSE) bit in the Configuration 0
(OA_CONFIGO) register. The SPI host will indicate to the LAN8650/1 that a transmit (egress) timestamp should
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be captured for a specific frame by writing the Timestamp Capture (TSC) field of the transmit data header. The TSC
field is only valid in the corresponding data header of the transmit data payload containing the beginning of a new
frame, i.e., Start Valid (SV) is set to ‘1’. A non-zero TSC field indicates which of three Transmit Timestamp Capture
High/Low registers (TTSCAH/L, TTSCBHY/L, TTSCCHJ/L) the captured egress timestamp value for the frame will be
placed. When the frame is transmitted, the LAN8650/1 will capture the current timestamp, place the timestamp into
the desired Transmit Timestamp Capture register pair, and set the appropriate Transmit Timestamp Capture Available
(TTSCAA, TTSCAB, TTSCAC ) status bit in the Status 0 (OA_STATUSO) register. If enabled, the IRQ_N pin will also
be asserted.

When the TSC header field is zero (or frame timestamping is disabled), no frame egress timestamp will be captured.

Related Links

11.1.5. OA_CONFIGO

11.1.6. OA_STATUSO

11.1.11. TTSCAH

11.1.12. TTSCAL

11.1.13. TTSCBH

11.1.14. TTSCBL

11.1.15. TTSCCH

11.1.16. TTSCCL

5.2.1. MAC Frame Data Header

Timestamping - Frame Ingress

If the Frame Timestamp Enable (FTSE) bit in the Configuration 0 (OA_CONFIGO) is set, then the LAN8650/1 will
capture the current timestamp for each ingress frame received from the network. When the SPI host reads the
received frame from the LAN8650/1, the LAN8650/1 will add the captured timestamp to the beginning of the frame
within the data chunk payload. The SPI receive footer for the corresponding data chunk payload containing the added
timestamp will have the footer Receive Timestamp Added (RTSA) bit set along with the Start Valid (SV) bit. The

Start Word Offset (SWO) field of the footer will contain the word offset within the receive data payload containing the
first word of the added timestamp. The beginning of the received frame will immediately follow the added timestamp
in the receive data payload. The size of the timestamp will be either one or two 32-bit words as configured by the
Frame Timestamp Select (FTSS) bit in the Configuration 0 (OA_CONFIGO) register. Depending on the location of the
timestamp within the receive data payload, the beginning of the new frame may begin in the following receive data
chunk. Likewise, the lower 32-bit word of a 64-bit timestamp may appear in the following receive data chunk.

When the RTSA bit is set, the Receive Timestamp Parity (RTSP) will contain the odd parity check calculated over the
added timestamp.

When frame timestamping is disabled (FTSE is ‘0’) or the footer does not indicate the beginning of a new frame (SV
is ‘0’), then the footer RTSA and RTSP bits will always be ‘0.

Related Links

11.1.5. OA_CONFIGO

5.2.2. MAC Frame Data Footer

Control Transactions

Control Command Header

All control and status register data reads/writes are performed with Control Transactions. All Control transactions,
regardless of read or write, are preceded by a 32-bit Control Command Header as shown in the following table:
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Table 5-4. Control Command Header Format

Bit

31

30 29 28 27 26 25 24

DNC=0 |

HDRB | WNR | AID | MMS |

Bit

23

22 21 20 19 18 17 16

ADDR][15:8] |

Bit

15

14 13 12 1 10 9 8

ADDRJ[7:0] |

Bit

6 5 4 3 2 1 0

LEN P |

Bit 31 - DNC

Bit 30 - HDRB

Bit 29 - WNR

Bit 28 - AID

Bits 27:24 -
MMS

Bits 23:8 -
ADDR

Bits 7:1 - LEN

Bit0 -P

Data, Not Control - Flag indicating the type of transaction, data or control.

0 Control (register read/write)

1 Data (Ethernet frame)

Note: The DNC bit is always zero to indicate a control command and distinguish it from a frame
data chunk header.

Header Bad - Indication from the LAN8650/1 to the SPI host that the MAC-PHY received a
transaction header with an invalid parity. When sent to the LAN8650/1 by the SPI host, the value of
this bit is ignored by the LAN8650/1.

Write, Not Read - This bit indicates the type of control access to perform.

0 Control/Status register read

1 Control/Status register write

Address Increment Disable - Normally, when this bit is 0, the address is post-incremented by
one following each read/write register access within the same control command. When this bit is
1, subsequent reads or writes within the same control command will result in the same register
address being accessed. This feature is useful for reading and writing register FIFOs located at a
single address.

0 Register address will automatically be post-incremented following each read/write within
the same control command.

1 Register address will not be post-incremented following each read/write within the same
control command, allowing successive access to the same register address.

Memory Map Selector - This bit field selects the LAN8650/1 memory map to be accessed

Address - This field specifies the address of the first register to access within the selected memory
map.

Length - This field specifies the number of successive registers to read/write within the control
command. The length is the number of registers to access minus one. Up to 128 consecutive
registers may be read or written by a single control command. When accessing only a single
register, this field is zero.

Parity - Parity bit over bits 31:1 of the control command header field. This field is set such that
there is an odd total number of bits set within the header.

Note: The parity bit will be updated by the LAN8650/1 if it is echoed back to the SPI host with the
Header Bad (HDRB) bit set.
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Control Read/Write Format

Before performing a Control Read or Control Write, the SPI host will assert the CS_N low before initiating the Control
Command transaction to the LAN8650/1. The Control Read/Write Command is used to perform both individual
consecutive register reads/writes. For both read and write, the Control Header sent to the LAN8650/1 over SDI is
always echoed back to the SPI host over SDO. When performing control writes, the register data sent over SDI is
also echoed back over SDO.

All register data is transmitted as 32-bit words, most significant byte and bit first. Any register data that is less than
32-bits will be right aligned within the word and preceded with zeros.

Register reads or writes can be unprotected (default) or protected when the Protection Enable (PROTE) bit is set in
the OA_CONFIGO register. A protected read or write is the original word of data immediately followed with a duplicate
word containing the ones’ complement of the original data. The receiver of the data then performs an exclusive-OR
(XOR) of the data and the ones’ complement to determine if any ones are detected indicating a transmission error. If
an error was detected, the LAN8650/1 will not write the incorrect data; additionally, the LAN8650/1 will not attempt to
correct any write data over SDO when echoing the data.

The following figures illustrate Control Reads, Control Writes, and register data format in both protected and
unprotected modes.

Figure 5-5. Control Register Write

Unprotected bits = 32 x (LEN+1)
Protected bits = (32 x (LEN+1) x 2

32 bits LEN = Number of registers 32 bits
( 10 e )
cs_N | [
SCLK
SDI —( C"m",_"'e(;z;ma"d X Register Write data word x (LEN+1) X Ignored )—
SDO —( Ignore X (Eehoed Contral X Echoed Register Write data word x (LEN+1) \
L U J1 J

32 bits 32 bits Unprotected bits = 32 x (LEN+1)
Protected bits = (32 x (LEN+1) x 2

LEN = Number of registers

Figure 5-6. Control Register Read

cS_N | [

SCLK

Control Command
SDI _( Header X Ignored )_

Command Header

SDO —( Ignore X Echoed Control X Register read data word x (LEN+1) \
L I I J

32 bits 32 bits Unprotected bits = 32 x (LEN+1)
Protected bits = (32 x (LEN+1) x 2

LEN = Number of registers
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Figure 5-7. Control Register Data Formats - Protected and Unprotected

16-bit register access

Unprotected: | x0000 | Word 0 | x0000 | Word 1 |SS| x0000 | Word n-1 | x0000 | Word n |
. Word 0 Word n
Protected: | x0000 | Word 0 | xFEEF | Compliment SS| x0000 | Word n | XFEFF | Compliment |
J L J L J L J
32 bits 32 bits 32 bits 32 bits

n = number of words

32-bit register access

Unprotected: | Word 0 | Word 1 |SS| Word n-1 | Word n |
. Word 0 Word n
PrOteCted' | Word 0 | Compliment |SS| Word n | Compliment |
L J L )L J L J
32 bits 32 bits 32 bits 32 bits
n = number of words
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Ethernet MAC

Description
The Ethernet Media Access Controller (MAC) module implements a 10 Mbps half duplex Ethernet MAC, compatible

with the IEEE 802.3 standard.

Embedded Characteristics

Block Diagram
Figure 6-1. Block Diagram

Compatible with IEEE Standard 802.3

10 Mbps half duplex operation
Statistics Counter Registers
Internal Mll interface to the integrated physical layer
Interrupt generation to signal errors or other events
Automatic pad and cyclic redundancy check (CRC) generation on transmitted frames
Automatic discard of frames received with errors
Address checking logic for four specific 48-bit addresses, four type IDs, promiscuous mode, hash matching of

unicast and multicast destination addresses

Support for 802.1Q VLAN tagging with recognition of incoming VLAN and priority tagged frames

Time stamp unit (TSU)

SPI
Control

APB

SPI
Data

AHB

Register
Interface

A

Status &
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Registers

A

AHB DMA
Interface

Y

Control
Registers

Y

Functional Description

Media Access Controller

\ 4

FIFO
Interface

P»| MAC Transmitter

. Media Interface to
~integrated PHY

A

A

MAC Receiver

A

Y

Frame Filtering

The Transmit Block of the Media Access Controller (MAC) takes data from FIFO, adds preamble, checks and adds
padding and frame check sequence (FCS). Only 10Mbps half duplex Ethernet mode of operation is supported.

Operating in half duplex mode, the MAC Transmit Block generates data according to the Carrier Sense Multiple
Access with Collision Detect (CSMA/CD) protocol. The start of transmission is deferred if Carrier Sense (CRS) is
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active. If Collision (COL) is detected during transmission, a jam sequence is asserted and the transmission is retried
after a random back off.

The Receive Block of the MAC checks for valid preamble, Frame Check Sequence (FCS), alignment/length, and
presents received frames to the MAC address checking block and FIFO. It can optionally strip FCS bytes from the
received frame before transferring it to FIFO.

The Address Checker recognizes four specific 48-bit addresses, can recognize four different types of ID values,

and contains a 64-bit Hash register for matching multicast and unicast addresses as required. It can recognize the
broadcast address all-'1' (OxFFFFFFFFFFFF) and copy all frames (promiscuous mode). The MAC can also reject all
frames that are not VLAN tagged.

MAC Transmit Block

The MAC transmitter operates in half duplex mode and transmits frames in accordance with the Ethernet IEEE 802.3
standard. In half duplex mode, the CSMA/CD protocol of the IEEE 802.3 specification is followed.

A small input buffer receives data through the FIFO interface which will extract data in 32-bit form. All subsequent
processing prior to the final output is performed in bytes.

Transmit data is output to the integrated 10BASE-T1S PHY using the internal Ml interface.

Frame assembly starts by adding the preamble and the start frame delimiter. Data is taken from the transmit FIFO
interface a word at a time.

If necessary, padding is added to take the frame length to 60 bytes. A 32-bit CRC is calculated, inverted, and
appended to the end of the frame taking the frame length to a minimum of 64 bytes.

In half duplex mode, the transmitter checks carrier sense. If asserted, the transmitter waits for the signal to become
inactive and then begins transmission after the interframe gap of 96 bit times. If the collision signal is asserted during
transmission, the transmitter will transmit a jam sequence of 32 bits taken from the data register and then retry
transmission after the back off time has elapsed. If the collision occurs during either the preamble or Start Frame
Delimiter (SFD), then these fields will be completed prior to generation of the jam sequence.

The back off time is based on a pseudo random binary sequence (PRBS) generator seeded from the least significant
32 bits of the MAC address as configured in the Specific Address Bottom 1 (MAC_SAB1) register. The number of
bits of the PRBS output used depends on the number of collisions seen. After the first collision 1 bit is used, then

the second 2 bits and so on up to the maximum of 10 bits. All 10 bits are used above ten collisions. An error will be
indicated and no further attempts will be made if 16 consecutive attempts cause collision. This operation is compliant
with the description in Clause 4.2.3.2.5 of the IEEE 802.3 standard which refers to the truncated binary exponential
back off algorithm. Collision back off and retry will be performed up to 16 times.

Note: The Specific Address Bottom 1 register should be uniquely configured for proper CSMA/CD operation. When
operating in CSMA/CD mode with PLCA disabled, two nodes may collide and retry at the exact same time if the
Specific Address Bottom 1 register is not configured or configured identically. This may result in frames being
dropped due to excessive collisions.

MAC Receive Block

All processing within the MAC receive block is implemented using a 16-bit data path. The MAC receive block checks
for valid preamble, FCS, alignment and length, presents received frames to the FIFO interface and stores the frame
destination address for use by the address checking block.

If, during the frame reception, the frame is found to be too long, a bad frame indication is sent to the FIFO interface.
The receiver logic ceases to send data to memory as soon as this condition occurs.

At end of frame reception the receive block indicates to the DMA block whether the frame is good or bad. The DMA
block will recover the current receive buffer if the frame was bad and the frame will not be forwarded to the SPI.

Ethernet frames are normally stored in DMA memory complete with the FCS. Setting the Remove FCS (RFCS) bit in
the Network Configuration register causes frames to be stored without their corresponding FCS bytes. The reported
frame length field is reduced by four bytes to reflect this operation.

The receive block signals to the statistics register block to increment the alignment, Frame Check Sequence

Errors (FCSE), Undersize Frames Received (UFRX), Oversize Frames Received (OFRX), or Receive Symbol Errors
(RXSE) when any of these exception conditions occur. A count of jabber errors received may be found within the
integrated PHY status registers.
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If the Ignore RX FCS (IRXFCS) bit is set in the Network Configuration register, CRC errors will be ignored and
CRC errored frames will not be discarded, though the Frame Check Sequence Errors statistic register will still be
incremented. This is useful for applications where individual frames with FCS errors must be identified.

Received frames can be checked for length field errors by setting the Length Field Error Frame Discard (LFERD) bit
of the Network Configuration register. When this bit is set, the receiver compares a frame's measured length with the
length field (bytes 13 and 14) extracted from the frame. The frame is discarded if the measured length is shorter. This
checking procedure is for received frames between 64 bytes and 1518 bytes in length.

Each discarded frame is counted in the 8-bit Length Field Error (LFER) field of the statistics register. Frames where
the length field is greater than or equal to 1536 will not be checked.

Related Links
11.2.2. MAC_NCFGR

MAC Filtering Block
The filter block determines which frames should be written to the FIFO interface and on to the SPI.

Whether a frame is passed to the SPI depends on what is enabled in the Network Configuration register, the contents
of the specific address, type and Hash registers, and the frame's destination address and type field.

If the EFRHD bit of the Network Configuration register is not set, a frame will not be copied to memory if the MAC is
transmitting in half duplex mode at the time a destination address is received.

Ethernet frames are transmitted a byte at a time, least significant bit first. The first six bytes (48 bits) of an Ethernet
frame make up the destination address. The first bit of the destination address, which is the LSB of the first byte

of the frame, is the group or individual bit. This is one for multicast addresses and zero for unicast. The all-'1’
(OXxFFFFFFFFFFFF) address is the broadcast address and a special case of multicast.

The MAC supports recognition of four specific addresses. Each specific address requires two registers, Specific
Address Bottom (MAC_SABN) and Specific Address Top (MAC_SATn). The Specific Address Bottom register stores
the first four bytes of the destination address and Specific Address Top contains the last two bytes. The addresses
stored can be specific, group, local, or universal.

The destination address of received frames is compared against the data stored in the Specific Address registers
once they have been activated. The addresses are deactivated at reset or when their corresponding Specific Address
register Bottom is written. They are activated when Specific Address register Top is written. If a receive frame
address matches an active address, the frame is written to the FIFO interface and on to the SPI.

Frames may be filtered using the type ID field for matching. Four type ID registers (MAC_TIDMn) exist in the register
address space and each can be enabled for matching by writing a one to the MSB (bit 31) of the respective register.
When a frame is received, the matching is implemented as an OR function of the various types of match.

The contents of each type ID register (when enabled) are compared against the length/type ID of the frame being
received (e.g., bytes 13 and 14 in non-VLAN and non-SNAP encapsulated frames) and copied to memory if a match
is found.

The reset state of the type ID registers is zero, hence each is initially disabled.

The following example illustrates the use of the address and type ID match registers for a MAC destination address
of 21:43:65:87:A9:CB:

Table 6-1. Example Ethernet Frame Beginning

Preamble 55
SFD D5
DA (Octet 0 - LSB) 21
DA (Octet 1) 43
DA (Octet 2) 65
DA (Octet 3) 87
DA (Octet 4) A9
© 2023 Microchip Technology Inc. Data Sheet DS60001734C-page 39

and its subsidiaries



6.4.5

6.4.6

LAN8650/1
Ethernet MAC

DA (Octet 5 - MSB) CB
SA (LSB) 00 (see Note)
SA 00 (see Note)
SA 00 (see Note)
SA 00 (see Note)
SA 00 (see Note)
SA (MSB) 00 (see Note)
Type ID (MSB) 43
Type ID (LSB) 21

Note: Contains the address of the transmitting device.

The sequence in Table 6-1 shows the beginning of an Ethernet frame. Byte order of transmission is from top to
bottom, as shown. For a successful match to specific address 1, the following address matching registers must be set

up:
Specific Address 1 Bottom register (MAC_SAB1) = 0x87654321

Specific Address 1 Top register (MAC_SAT1) = 0x0000CBA9

For a successful match to the type ID, the following Type ID Match 1 register must be set up:
Type ID Match 1 register (MAC_TIDM1) = 0x80004321

Related Links

11.2.2. MAC_NCFGR
11.2.5. MAC_SAB1
11.2.6. MAC_SAT1
11.2.13. MAC_TIDM1

Broadcast Address

Frames with the broadcast address of OxFFFFFFFFFFFF are received only if the No Broadcast (NBC) bit in the
Network Configuration register is set to zero.

Related Links

11.2.2. MAC_NCFGR

Hash Addressing

The hash address register is 64 bits long and takes up two locations in the memory map. The least significant bits are
stored in Hash Register Bottom (MAC__HRB) and the most significant bits in Hash Register Top (MAC__HRT).

The Unicast Hash Enable (UNIHEN) and the Multicast Hash Enable (MTIHEN) bits in the Network Configuration
register enable the reception of hash matched frames. The destination address is reduced to a 6-bit index into the
64-bit Hash register using the following hash function: The hash function is an exclusive OR (XOR) of every sixth bit
of the destination address.

hash index[05] = da[05] ~ da[11l] ~ da[l7] ~ da[23] ~ da[29] ~ da[35] ~ da[41] ~ dal[47]
hash index[04] = da[04] ~ da[l10] " da[l6] "~ da[22] ~ da[28] ~ da[34] ~ da[40] ~ da[46]
hash index[03] = da[03] ~ da[09] ~ da[l1l5] ~ da[21] *~ da[27] ~ da[33] ~ da[39] ~ da[45]
hash index[02] = da[02] ~ da[08] ~ da[l4] ~ da[20] ~ da[26] "~ da[32] ~ da[38] ~ da[44]
hash index[01] = da[01] ~ da[07] ~ da[l13] ~ da[l9] ~ da[25] *~ da[31l] ~ da[37] ~ dal[43]
hash index[00] = da[00] ~ da[06] ~ da[l2] ~ da[l1l8] ~ da[24] ~ da[30] ~ da[36] ~ da[42]

da [0] represents the least significant bit of the first byte received, that is, the multicast/unicast indicator, and
da[47] represents the most significant bit of the last byte received.
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If the hash index points to a bit that is set in the Hash register then the frame will be matched according to whether
the frame is multicast or unicast.

A multicast match will be signaled if the multicast hash enable bit is set, da[0] is logic 1 and the hash index points to
a bit set in the Hash register.

A unicast match will be signaled if the unicast hash enable bit is set, da[0] is logic 0 and the hash index points to a
bit set in the Hash register.

To receive all multicast frames, the Hash register should be set with all ones and the Multicast Hash Enable bit
should be set in the Network Configuration register.

Related Links

11.2.3. MAC_HRB

11.2.4. MAC_HRT

11.2.2. MAC_NCFGR

Copy all Frames (Promiscuous Mode)

If the Copy All Frames (CAF) bit is set in the Network Configuration register then all frames (except those that are
too long, too short, have FCS errors, or have RXER asserted by the PHY during reception) will be copied to memory.
Frames with FCS errors will be copied if the Ignore RX FCS (IRXFCS) bit is set in the Network Configuration register.
Related Links

11.2.2. MAC_NCFGR

VLAN Support
The following table describes an Ethernet encoded 802.1Q VLAN tag.

Table 6-2. 802.1Q VLAN Tag

TPID (Tag Protocol Identifier) 16 bits TCI (Tag Control Information) 16 bits
0x8100 First 3 bits priority, then CFI bit, last 12 bits VID

The VLAN tag is inserted at the 13th byte of the frame adding an extra four bytes to the frame. To support these extra
four bytes, the MAC can accept frame lengths up to 1536 bytes by setting the 1536 Maximum Frame Size (MAXFS)
bit in the Network Configuration register.

The MAC can be configured to reject all frames except VLAN tagged frames by setting the discard Non-VLAN
Frames (DNVLAN) bit in the Network Configuration register.

Related Links
11.2.2. MAC_NCFGR

Time Stamp Unit

Overview
The TSU wall clock consists of a timer and registers used to capture the time at which frames cross the message
timestamp point.

The time stamp unit (TSU) wall clock is implemented as a 94-bit timer.
» The 48 upper bits [93:46] of the timer count seconds and are accessible in the TSU Timer Seconds High
(MAC_TSH) and TSU Timer Seconds Low (MAC_TSL) registers.
» The 30 lower bits [45:16] of the timer count nanoseconds and are accessible in the TSU Timer Nanoseconds
(MAC_TN) register.
» The lowest 16 bits [15:0] of the timer count sub-nanoseconds.

The 46 lower bits roll over when they have counted to 1 second. An interrupt is generated when the seconds
increment. The timer increments by a programmable period (to approximately 5.86E-17s resolution) with each

25 MHz timer source clock period and can also be adjusted in 1 ns resolution (incremented or decremented) through
register accesses.
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Timer Adjustment

The amount by which the timer increments each clock cycle is controlled by the TSU Timer Increment (MAC_TI)
register. Bits [7:0] are the default increment value in nanoseconds. Additional 24 bits of sub-nanosecond resolution
are available using the TSU Timer Increment Sub-Nanoseconds (MAC_TISUBN) register. If the rest of the register is
written with zero, the timer increments by the value in [7:0], plus the value of the MAC_TISUBN for each clock cycle.

The MAC_TISUBN allows a resolution of approximately 5.86E-17s.

The 25.0 MHz timer clock source, requires that the timer increment by 40.0 ns for each clock
period. This is programmed by writing the value 0x00000028 to the TSU Timer Increment
(MAC_TI) register.

Related Links

5.2.3. Ethernet Frame Timestamping
11.2.20. MAC_TSH

11.2.21. MAC_TSL

11.2.22. MAC_TN

11.2.24. MAC_TI

11.2.19. MAC_TISUBN

PHY Interface
The Ethernet MAC incorporates an internal Mll to the integrated 10BASE-T1S PHY.

Programming Interface

Initialization

Configuration

Initialization of the MAC configuration (e.g., loop back mode) must be done while the transmit and receive circuits
are disabled. See the description of the Network Control register and Network Configuration register earlier in this
document.

To change loop back mode, the following sequence of operations must be followed:

1. Write to Network Control register to disable transmit and receive circuits.
2. Write to Network Control register to change loop back mode.

3. Write to Network Control register to re-enable transmit or receive circuits.
Note: These writes to the Network Control register cannot be combined in any way.

Address Matching

The MAC Hash register pair and the four Specific Address register pairs must be written with the required values.
Each register pair comprises of a bottom register and top register, with the bottom register being written first. The
address matching is disabled for a particular register pair after the bottom register has been written and re-enabled
when the top register is written. Each register pair may be written at any time, regardless of whether the receive
circuits are enabled or disabled.

As an example, to set Specific Address register 1 to recognize destination address 21:43:65:87:A9:CB, the following
values are written to Specific Address register 1 bottom and Specific Address register 1 top:

» Specific Address register 1 bottom bits 31:0 (MMS1, address 0x0022): 0x8765_4321.

» Specific Address register 1 top bits 31:0 (MMS1, address 0x0023): 0x0000_CBA®9.

PHY Maintenance

The internal PHY control and status registers are accessed directly using SPI command reads and writes to various
Memory Map Selectors (MMS).

Related Links

5.3. Control Transactions

11. Register Descriptions
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Receiving Frames
Network frames are ignored when the Configuration Synchronization (SYNC) bit in the OA_CONFIGO register is ‘0’.

» Enable receive in the Network Control register.

» Set the Configuration Synchronization (SYNC) bit in the OA_CONFIGO register.
When a frame is received, the SYNC bit is set, and the MAC receive circuits are enabled, the MAC checks the
address and, in the following cases, the frame is written to internal memory buffers:

« If it matches one of the four Specific Address registers.

» If it matches one of the four type ID registers.

» If it matches the hash address function.

» Ifitis a broadcast address (OxFFFFFFFFFFFF) and broadcasts are allowed.

» If the MAC is configured to “copy all frames” (i.e., promiscuous mode).
Once the frame has been completely and successfully received and written to internal memory, the MAC then

updates the receive chunks available entry and the SPI is notified that receive data is available for reading. The host
is then responsible for reading the data from the SPI.

If the MAC is unable to write the receive data into internal memory, then a receive overrun interrupt is set. If the
frame is not successfully received, a statistics register is incremented and the frame is discarded without informing
software.

Statistics Registers

The statistics register block is located within Memory Map Selector (MMS) 2 beginning with the Statistics 0 Register
at 0x288 and runs through to the Statistics 11 Register at 0x293. The statistic registers consist of the statistic
counters listed in Table 6-3 below.

Table 6-3. Available MAC Statistics

Receive Symbol Errors Multicast Hash Match Frames Received
Length Field Errors Broadcast Frames Received
Oversize Frames Received VLAN Tagged Frames Received
Undersize Frames Received Total Frames Received

Receive Resource Errors Frames Received Without Error
Receive Buffer Overrun Errors Transmit Abort Internal Errors
Receive FIFO Overrun Errors Transmit Abort External Errors
Multiple Start-of-Packet Errors Transmit FIFO Underrun Errors
Frame Check Sequence Errors Transmit Buffer Underrun Errors
Type ID Match Frames Received Excessive Collisions

Specific Address Match Frames Received Total Frames Transmitted

Unicast Hash Match Frames Received Frames Transmitted Without Error

These registers reset to zero on a read and stick at all ones when they count to their maximum value. They should be
read frequently enough to prevent loss of statistics data.

The receive statistics registers are only incremented when the receive enable bit (RXEN) is set in the Network
Control (MAC_NCR) register.

Once a statistics register has been read, it is automatically cleared.

Related Links
11.2.26. STATSO
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Integrated PHY

This section describes features of the 1T0BASE-T1S physical layer transceiver integrated into the LAN8650/1. The
PHY and MAC are connected via an internal Media Independent Interface (Mll).

Interrupt Management

The LAN8650/1 integrated PHY supports multiple interrupt capabilities which are not part of the IEEE 802.3
specification. When selected PHY status events are detected as configured by the PHY Interrupt Mask Registers, the
PHY Interrupt (PHYINT) status bit in the OPEN Alliance Status 0 (OA_STATUSO) register is set. If further enabled by
PHY Interrupt Mask (PHYINTM) bit in the OPEN Alliance Interrupt Mask 0 (OA_IMASKO) register, the IRQ_N pin will
be asserted low.

To assert the PHY Interrupt status 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 PHY Interrupt status bit
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 PHY Interrupt status bit will be deasserted.

All PHY interrupts are disabled (masked) following a reset.

Related Links
11.1.6. OA_STATUSO
11.1.9. OA_IMASKO
11.5.2. STS1
11.5.3. STS2
11.5.5. IMSK1
11.5.6. IMSK2

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
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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
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

7.2.1. PLCA Burst Mode
11.5.19. PLCA_CTRLO

11.5.20. PLCA_CTRLA1

11.5.22. PLCA_TOTMR
11.5.21. 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 specifies 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 packets 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
11.5.23. PLCA_BURST

Multiple PLCA Transmit Opportunities
Please see full datasheet available under NDA.

Physical Layer Collision Avoidance (PLCA) Diagnostics

The LAN8650/1 integrated 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 PHY Status 1 (STS1) register. Each indication also has an
associated interrupt mask bit in the Interrupt Mask 1 (IMSK1) register to enable an assertion of the PHY interrupt
(PHYINT) status bit of the OPEN Alliance Status 0 (OA_STATUSO) register when the event is detected. When
enabled, an assertion of the PHY interrupt (PHYINT) status bit will also assert the IRQ_N pin to the station controller.

Each node of a PLCA segment must be assigned a unique Local 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
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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 BEACONSs 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.

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 is 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. When
the PLCA Status bit changes, the PLCA Status Changed (PSTC) bit in the Status 1 register is set and will assert the
PHY interrupt (PHYINT) status bit, if enabled in the Interrupt Mask 1 register.

The number of transmit opportunities in the PLCA bus cycle may be determined by reading the Maximum ID (MAXID)
field of the PLCA Reconciliation Sublayer Status (PRSSTS) register. The MAXID field is updated at the end of

each bus cycle. When read it will contain the number of transmit opportunities the PLCA coordinator allowed in the
previous bus cycle.

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

11.1.6. OA_STATUSO

11.1.9. OA_IMASKO

11.5.2. STS1

11.5.5. IMSK1

11.5.21. PLCA_STS

11.5.7. CTRCTRL

11.5.8. TOCNTH

11.5.9. TOCNTL

11.5.10. BCNCNTH

11.5.11. BCNCNTL

Traffic Shaping

Please see full datasheet available under NDA.
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Application Controlled Media Access (ACMA)

Please see full datasheet available under NDA.

IEEE 802.1AS Support

Please see full datasheet available under NDA.
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SPI Connectivity

Figure 8-1 illustrates device connectivity to the host MCU.

Figure 8-1. SPI Connectivity
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System Configuration without Sleep Mode

Device connectivity without sleep mode is illustrated in the following figure. A configuration with sleep mode can be
found in the Sleep Mode and System Power Management section.

Figure 8-2. Example System without Sleep Mode
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Related Links
4.2.1. Sleep Mode and System Power Management
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Power Connectivity

This section describes typical power configuration for the LAN8650/1 devices with the power supply architecture and
recommended decoupling.

The VDDA pins supply power to the internal 3.3V analog circuits while the VDDP pins supply power to the 3.3V
digital I/0O pins. The internal digital logic of the LAN8650/1 operates at 1.8V. For the LAN8650, this 1.8V is supplied
through the VDDC core power pins. The LAN8651 incorporates an internal 1.8V low drop-out regulator that provides
the 1.8V core from the 3.3V VDDA analog power. Two capacitors, 0.1 yF and 0.01 pyF, are placed at each VDDA,
VDDP, and, in the case of the LAN8650, the VDDC pins. These decoupling capacitors are located right at the pin

to minimize inductive loop area and maximize their effectiveness. This is typically done by placing the decoupling
capacitors on the opposite side of the board from the device directly under the pin and connecting them to the
exposed pad ground. Priority is given to the 0.01 yF during layout to achieve optimal effectiveness due to its lower
capacitance. A bulk capacitance, typically 10 pF, is placed at a location as close to the device as practical where the
power supply feeds into the device.

For applications requiring a low power sleep state and wake-up, a continuous 3.3V power supply (3.3Vont) should be
connected to VDDAU to power the internal wake-up circuitry, and the INH pin. The INH pin will then drive enable pins
for the separate local power supplies for VDDA, VDDP and, for the LAN8650, VDDC.

In a design where sleep mode is not used, a continuous 3.3V power supply is not necessary and VDDAU is therefore
connected to the same switched power supply (3.3Vs,,) as VDDA. When VDDAU and VDDA are not connected to the
same supply, the VDDA supply pin must never exceed the VDDAU supply pin by more than 0.5V. One approach to
satisfying this power sequencing requirement is to connect a Schottky diode between the power supplies to prevent
VDDA from exceeding VDDAU by more than a forward-biased voltage drop. The Schottky diode must be sized
appropriately if used; the forward voltage drop must be less than 0.5V when the diode conducts current when VDDA
exceeds VDDAU.

The LAN8650 has an additional restriction: the VDDC supply pin must never exceed the VDDP supply pin by more
than 0.5V. A Schottky diode can also be used, as above, to ensure this requirement is met.

The analog pins (WAKE_IN, TRXP, TRXN, XTI/REFCLKIN, and XTO) pins must never be driven to more than the
VDDAU 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.

For the LAN8651, a 4.7 uF low ESR (metal film) capacitor is required on the CCOMP pin to provide external
capacitive compensation to the internal 1.8V regulator. The addition of 0.1 pF and 0.01 yF decoupling capacitors to
the CCOMP pin may be found useful, but are not required.

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.

The following figures illustrate typical power configurations for the LAN8650 and LAN8651, respectively.
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Figure 8-3. LAN8650 Power Connectivity
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Connect VDDAU to 3.3 V switched power if network activity wake-up is not used.

0.1uF | 0.01 uF|
T T

LAN8650

VDDAUT (29)

VDDA (25)

VDDP (7)

VDDP (17)

VDDC (6)

VDDC (15)

VDDC (21)

GND (ePAD)

© 2023 Microchip Technology Inc.

and its subsidiaries

Data Sheet

DS60001734C-page 50



LAN8650/1

Application Information

Figure 8-4. LAN8651Power Connectivity

3.3Vcontt LAN8651

0.1uF ] 0014 VDDAUT (29)
11

4.7 yF

b

3.3Vsw

10uF | i = R 0.1uF | 0.01 uF| VDDA (25)
T E (optional) T T T

01 | 0014 VDDP (7)
L1

VDDP (17)

0.1uF | 0.01 uF|
11

CCOMP* (21)
Optional Supply arue ] orur ] oorwr

Sequencing Diodes T I T

3.3Vsw 3.3Vcont! * Application of 1.8V to the LAN8561 CCOMP pin 21
may damage the device.

3.3 V continuous power only required for low-power network activity wake-up applications. GND (ePAD)
Connect VDDAU to 3.3 V switched power if network activity wake-up is not used. —
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8.5

LAN8650/1

Application Information

Electromagnetic Compatibility (EMC) Considerations

The latest recommendations for schematic design and PCB layout to achieve optimal EMC performance for the
LANB8650/1 can be found in the LAN86xx Bus Interface Network (BIN) Reference Design Application Note AN1718.

Output Drive Strength Control

The LAN8650/1 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 (PADCTRL) register. The output
drive currents are specified in the DC Specifications section.

Table 8-1. Digital Output Drive Pin Groups

Pin Group 1

SDO 10
Pin Group 2

IRQ_N 9
Pin Group 3
WAKE_OUT 24

Related Links
11.6.3. PADCTRL
9.5. DC Specifications (other than 10BASE-T1S PMA)

Crystal Oscillator Selection

Oscillator margin is a measure of the stability of an oscillator circuit, and is defined in Equation 8-1 as the ratio of the
oscillator’s negative resistance (Rygg) to the crystal's ESR (RggR)-

Equation 8-1. 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, C,, which is specified when ordering the crystal, is calculated from the capacitance on each
leg of the crystal, C,, combined with the stray capacitance, Cgray, Which is contributed by PCB traces and chip pins.
Cstrayis usually in the range of 2pF to 5pF. The clock circuit requires that both crystal pins have matching C,. C, can
then be calculated from

Equation 8-2. Crystal Load Capacitance

1
CL= jcx + cstray
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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 (g,) 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
9.7. Clock Circuit

Reference Schematics

The schematics on the following pages contain example reference implementations of the LAN8650/1. 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 LAN86xx Bus Interface Network (BIN)
Reference Design Application Note AN1718.
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Figure 8-5. LAN8650 Reference Schematic (No Sleep/Wake)
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Figure 8-6. LAN8650 Reference Schematic (With Sleep/Wake Support)

Input Power
(i.e. 12V) O\
T 3.3V 3v3 1.8V 1v8
Supply LDO

CONT
3.3V

)

3V3: Non-Continuous supply

3V3_CONT

Power Sequencing Diodes

3v3 1v8

LANB8650B VQFN-32

Supply 3V3_CONT: Continuous supply for wake/sleep. u LANSE30R
u 1v8
T—é VoD 500
VDDC
6 13
) : ) VDDC SDI fo=————<_MOSI__]|
%E pin 21 pin 15 pin 6 w8 B 1
T LE VDDP SCLK SPI Bus
VDDP
c1 =——C2 ==C3 =—=C4 =—C5 =—=C6 —=C7 VDDAU VDDA CsNjfadl — CN 75y
104F 0.1yF | 001wF | 01pF | 0.0wF | 01pF | 0.0WF T 2 B RO N
LAYOUT NOTE: Place one 0.01uF e VDDA IRQN { RON >
and one 0.1uF at each power pin. = = 25 | \yopau
The 0.01uF mustbe closesttothe ~ SN° GND DI0AD ot L
pin. av3 . _ INH: See Note below INH DIOAL [ -
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Continuous supply for wake/sleep. 300 Ohm l l
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INH PIN: — WAKE_IN: polarity configured pull-up or pulldown
ein Driven to VDDAU to inhibitext regulator shutdown 2o (install R7 or R8 ,never both)
10k
Gﬁ) WAKE_OUT: asserted when part wakes

NOTE: Pullup on IRQ_N is optional
depending on application

NOTE: If the system reset is unused,
RESET_N pin can be tied directly to VDDP
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i
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Figure 8-7. LAN8651 Reference Schematic (No Sleep/Wake)
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Figure 8-8. LAN8651 Reference Schematic (With Sleep/Wake Support)
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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 9-1. Absolute Maximum Ratings

Power Supply Voltage: Note 1
Core (VDDC) -0.5 2.5 \Y% LAN8650 only
Digital /O (VDDP) -0.5 3.9 \
Analog (VDDA) -0.5 3.9 \Y
Continuous (VDDAU) -0.5 3.9 \%
Voltage applied to pins:
TRXP, TRXN VTRXP/N -27 42 \Y
TRXP/TRXN (differential) VDIFF -25 25 v
XTI/REFCLKIN, RBIAS -0.5 VDDA + 0.5 \Y Note 2
WAKE_IN -0.5 VDDAU+ 0.5 \Y Note 2
All other pins -0.5 VDDP + 0.5 \% Note 2
Junction Temperature Under Bias Ty -40 150 °C
Storage Temperature Tstg -55 150 °C
Lead Temperature Range Refer to JEDEC Spec. J-STD-020
ESD Human Body Model Note 3
TRXP, TRXN (to VSS) -8 +8 kv
All other pins -2 +2 kV
ESD Charge Device Model -1 +1 kV AEC-Q100-011
Notes:
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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Operational Characteristics

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

Table 9-2. Operating Conditions

Power Supply Voltage:
Core 1/0 (VDDC) 1.71 1.89 \Y Note 1
Digital 1/O (VDDP) 3.135 3.465 v
Continuous (VDDAU) 3.135 3.465 \Y
Analog (VDDA) 3.135 3.465 v Note 2

Maximum Input Voltage:

XTI, RBIAS -0.3 VDDA + 0.3 Vv

WAKE_IN -0.3 VDDAU + 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
Notes:

1. LAN8650 only: The VDDC pin must not exceed the VDDP pin by more than 0.5V, including during power-up and power-down..
2. The VDDA pin must never exceed the VDDAU pin by more than 0.5V, including during power-up and power-down.
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Power Consumption

This section details the device power measurements taken over various operating conditions, which are defined in
the notes.

Table 9-3. LAN8650 Maximum Current Consumption and Power Dissipation

VDDAU Current | VDDA Current | VDDP Current
@3.465V (uA) | @3.465V (mA) | @3.465V (mA) | VDDC Current @1.89V (mA) | Total Device Power (mW)

SLEEP | Notes 1,2 0.182

RESET | RESET_N pin low 25 2 1 15 38

ACTIVE | Receive 25 20 5 25 130
Note 3

ACTIVE | Transmit 25 35 5 25 180
Note 3

Notes:

1. INH pin is de-asserted and in a high-impedance state

2. Current for sleep mode is only for VDDAU. It is assumed that supplies to all other power pins are disabled.
3. INH pin is asserted and driven high to VDDAU

Table 9-4. LAN8651 Maximum Current Consumption and Power Dissipation

VDDAU Current VDDA Current VDDP Current Total Device Power
@3.465V (pA) @3.465V (mA) @3.465V (mA) (mW)

SLEEP Notes 1,2 0.182

RESET RESET_N pin low 25 20 1 70

ACTIVE Receive 25 40 5 150
Note 3

ACTIVE Transmit 25 55 5 200
Note 3

Notes:

1. INH pin is de-asserted and in a high-impedance state

2. Current for sleep mode is only for VDDAU. It is assumed that supplies to all other power pins are disabled.
3. INH pin is asserted and driven high to VDDAU

Related Links
4.2. Sleep Mode

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

Table 9-5. LAN8650/1 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
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9.5 DC Specifications (other than 10BASE-T1S PMA)
Table 9-6. DC Electrical Characteristics (other than 10BASE-T1S PMA)

VIS-VDDP Type Input Buffers

Low-Level Input Voltage VL
High-Level Input Voltage VIH
Input Hysteresis AVhys
Input Leakage IL
Input Capacitance CIN

VI-VDDAU Type Input Buffers

Low-Level Input Voltage VL
High-Level Input Voltage VIH
Input Leakage IL

Input Capacitance CIN

VO-VDDP Type Output Buffers
Low-Level Output VoL
loL-L
loL-mL
loL-MH
loL-H
High-Level Output VOH
lOH-L
IOH-ML
IOH-MH
IOH-H
VOD-VDDP Type Output Buffers
Low-Level Output VoL
loL-L
loL-mL
loL-MH
loL-H
VOH-VDDP Type Output Buffers
Low-Level Output VoL
loL-L
loL-mL
loL-MH

loL-H

2.0

25

-10

2.0

-10

VDDP-0.4

0.45

1.2

2.0

29

-0.57

-1.7

VDDAU+0.3

0.8

VDDP+0.3

230

10

3

0.8

10

3

0.4

0.4

0.4

A

pF

mA
mA
mA

mA

mA
mA
mA

mA

mA
mA
mA

mA

mA
mA
mA

mA

V|N = VSS or VDDP

VIN = VSS or VDDAU

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
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........... continued
= = = == =
High-Level Output VDDP-0.4 Note 2
IoH-L 1.0 mA Low drive
IOH-ML 2.0 mA Medium-low drive
IOH-MH 2.8 mA Medium-high drive
IOH-H 3.5 mA High drive

VOD-VDDAU Type Output Buffers

High-Level Output VOH VDDAU-0.4 %
loH 1.7 mA
ICLK Type Input Buffer Note 3
Low-Level Input Voltage VL -0.3 0.45 \%
High-Level Input Voltage VIH VDDA-0.35 VDDA+0.3 \Y
Input Leakage IL -10 10 pA VIN = VSS or VDDA
Input Capacitance CIN 3 pF
Notes:
1. loL is configurable to four levels of sink current.
2. IoH is configurable to four levels of source current.

3. The XTI pin may optionally be driven from a single-ended clock oscillator to which these specifications apply.
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9.6.2

LAN8650/1

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 9-1. Output Equivalent Test Load

OUTPUT O—

A

~ 20 pF

General Signals and Clocks

Table 9-7. 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%, C| =20 pF
23 ns Low drive
8 ns Medium-low drive
5 ns Medium-high drive
3 ns High drive
VODL-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
Data Sheet DS60001734C-page 63
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........... continued
B N T N N
High drive
Output Fall Time tf 90% to 10%, C|_ =20 pF
10 ns Low drive
5 ns Medium-low drive
4 ns Medium-high drive
3 ns High drive
VODH-VDDAU Type Output Buffers
Output Rise Time tr 27 ns 10% to 90%, C_ =20 pF

9.6.3 RESET_N Timing

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

Figure 9-2. RESET_N Timing

“7&3“64’

RESET N —\ (

Table 9-8. RESET_N Timing

RESET N input assertion time trstia

9.6.4 SPI Port

Figure 9-3. SPI Timing

CS N )
((

€ focss —P— tsch —Pe— tsal tskesh €— teht —>

SCLK m

tsds— > tsan

data valid —(  datavalid >—22 datavalid ~ }————

»— tedv tsav tsdz—€¢—>

SDO — data valid >< data valid >Qb< data valid

Table 9-9. SPI Port AC Operational Characteristics

SDI

Maximum SCLK frequency fsck
SCLK low time tscll 15 ns
SCLK high time tsclh 15 ns
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........... continued
e e ———l L e
SCLK low to CS_N high tskesh
CS_N low to SCLK rising tess 8 ns
CS_N low to SDO valid tedv 20 ns
CS_N high time teht 200 ns
SDI valid to SCLK rising tsds 4 ns
SDI hold from SCLK rising tsdh 4 ns
SCLK falling to SDO valid tsdv 20 ns
CS_N high to SDO Hi-Z tsdz 8 ns
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Operational Characteristics

10BASE-T1S PMA Electrical Characteristics

This section contains electrical characteristics of the TRXP/TRXN pins to enable the design of IEEE Std 802.3cg
compliant devices.

10BASE-T1S PMA Transmitter Characteristics
Table 9-10. 10BASE-T1S PMA Transmitter Electrical Characteristics

Transmit Driver Output

Differential driver output

Vod 0.8 1.0 1.2 v Figure 9-4
Cycle-to-cycle jitter 2 ns Figure 9-4
Figure 9-4. Differential Output Test Fixture
TRXP O I I
100 nF 250 T
Vod
100 nF 25Q l
TRXN O I I

Figure 9-5. Transmitter Power Spectral Density (Typical)

Power spectral density was measured in a multidrop configuration (50 Q termination) as shown in Figure 9-4 with the
transmitter in the IEEE Transmitter PSD mask test mode 3. The upper and lower limits shown are as proposed by the
OPEN Alliance TC14 10BASE-T1S System Implementation Specification, Draft V0.3.
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9.6.6

9.7

LAN8650/1

Operational Characteristics

10BASE-T1S PMA Receiver Characteristics
Table 9-11. 10BASE-T1S PMA Receiver Electrical Characteristics

Receiver Input

Receiver differential sensitivity Vih 0 mV Note 1
Single-ended Input Resistance Rse 54 6 kQ

Note:
1. Design parameter (not tested).

Figure 9-6. Differential Input Impedance (Typical)
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Wake/Sleep PMA Characteristics
Table 9-12. 10BASE-T1S PMA Receiver Wake Signal Characteristics

T A Y

Wake Signal Amplitude VWmin mVpp

Idle Signal Amplitude Vimax 100 MVpp

Wake Pulse Duration 350 us
Clock Circuit

Table 9-13. Recommended Crystal Specifications

Crystal Cut T (typical)
Crystal Oscillation Mode Fundamental
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o ..continued
I N N N A
Crystal Calibration Mode Parallel Resonant Mode

Frequency 25.000 MHz

Tolerance +100 ppm Note 1, 2

Recommended Maximum Shunt Capacitance 6 pF

Recommended 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), temperature, and load
capacitance.
Load capacitance per crystal terminal.. The terminals should each see the same load..

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.
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10.

10.1  32-VQFN

Packaging Information

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

Notes:

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

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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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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10.2 Package Marking Information
Figure 10-1. LAN8650 Top Mark

Legend:
LAN8650 Device Identifier
r Product Revision Code
yy last two digits of Assembly Year
ww Assembly Work Week
LA N 8 6 5 0 nnn Tracking Number
cc Country of Origin Abbreviation (optional)
Pb-free JEDEC designator for Matte Tin (Sn)
rr * This package is Pb-free. The Pb-free JEDEC designator (&3)
can be found on the outer packaging for this package.
yywwnnn
CcC
Figure 10-2. LAN8651 Top Mark
Legend:
LAN8651 Device |dentifier
rr Product Revision Code
yy last two digits of Assembly Year
ww Assembly Work Week
LA N 8 6 5 1 nnn Tracking Number
cc Country of Origin Abbreviation (optional)
Pb-free JEDEC designator for Matte Tin (Sn)
rr * This package is Pb-free. The Pb-free JEDEC designator (&3)
can be found on the outer packaging for this package.
yywwnnn
CcC
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Register Descriptions

Register Descriptions

The OPEN Alliance 10BASE-T1x MAC-PHY Serial Interface specification defines the register memory map selector
(MMS) field as a 4 bit field which allows for up to 16 different memory maps. The standard further defines which
MMS should be used for required registers and register classes in a compliant device, including mapping of registers
required by the 10BASE-T1S standard . The standard also includes areas for vendor specific information.

This chapter describes the device registers of the LAN8650/1, organized by MMS value.

Table 11-1. Control and Status Register Memory Map Selector (MMS)

mm Description of Registers

0
1
2
3
4
5-9

10
11-15

32/16

32
16
16
16

11.1. Open Alliance 10BASE-T1x MAC-PHY Standard Registers
including PHY Clause 22 Basic Control and Status Registers
11.2. MAC Registers

11.3. PHY PCS Registers

11.4. PHY PMA/PMD Registers

11.5. PHY Vendor Specific Registers

Reserved

11.6. Miscellaneous Register Descriptions

Reserved

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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Open Alliance 10BASE-T1x MAC-PHY Standard Registers

The OPEN Alliance standard defines Memory Map Selector (MMS) 0 as the location for control and status registers
that are specific to this standard. Some of these registers are optional. The section defines the various registers
implemented in the LAN8650/1.

The various Clause 22 Control and Status Registers (CSRs) are included in MMSO0, beginning at offset 0xFFO0O.
These CSRs follow the IEEE 802.3 (Clause 22.2.4) management register set. All functionality and bit definitions
comply with these standards.

RESERVED address space must not be written except when specifically directed to by Microchip. Failure

WARNIN - : . .
& S to heed this warning may result in adverse operation and unexpected results.

Refer to the Register Bit Types section for details on register bit attribute notation.

I A N N N N N S

0x00

0x01

0x02

0x03

0x04

0x08

0x09

0x0B

0x0C

0x0D

31:24
23:16
15:8
7:0 MAJVER([3:0] MINVER[3:0]
31:24 OuUl[21:14]
23:16 OUI[13:6]
15:8 OUI[5:0] MODEL[5:4]
7:0 MODEL[3:0] REVISION[3:0]
31:24
23:16
15:8 TXFCSVC IPRAC DPRAC
7:0 CTC FTSC AIDC SEQC MINCPS[2:0]
31:24
23:16
15:8
7:0 SWRESET
31:24
23:16
15:8 SYNC TXFCSVE RFA[1:0] TXCTHRESHI[1:0] TXCTE RXCTE
7:0 FTSE FTSS PROTE SEQE CPS[2:0]
31:24
23:16
15:8 CPDE TXFSE TTSCAC TTSCAB TTSCAA
7:0 PHYINT RESETC HDRE LOFE RXBOE TXBUE TXBOE TXPE
31:24
23:16 uv18
15:8
7:0
31:24
23:16
15:8 TXC[7:0]
7:0 RCA[7:0]
31:24
23:16
15:8 CPDEM TXFCSEM | TTSCACM | TTSCABM | TTSCAAM
7:0 PHYINTM RESETCM HDREM LOFEM RXBOEM TXBUEM TXBOEM TXPEM
31:24
23:16 uv18Mm
15:8
7:0

OA_ID

OA_PHYID

OA_STDCAP

OA_RESET

OA_CONFIGO

OA_STATUSO

OA_STATUS1

OA_BUFSTS

OA_IMASKO

OA_MASK1
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...continued

R A N N N N N S

0x10

0x11

0x12

0x13

0x14

0x15

0x19
OXFEFF
0xFF00
O0xFFO01

0xFF02

0xFF03

0xFF05
O0xFFOC
O0xFFOD

OxFFOE

31:24 TIMESTAMPA[63:56]
23:16 TIMESTAMPA[55:48]
TTSCAH
15:8 TIMESTAMPA[47:40]
7:0 TIMESTAMPA[39:32]
31:24 TIMESTAMPA[31:24]
23:16 TIMESTAMPA[23:16]
TTSCAL
15:8 TIMESTAMPA[15:8]
7:0 TIMESTAMPA[7:0]
31:24 TIMESTAMPB[63:56]
23:16 TIMESTAMPB[55:48]
TTSCBH
15:8 TIMESTAMPB[47:40]
7:0 TIMESTAMPB[39:32]
31:24 TIMESTAMPB[31:24]
23:16 TIMESTAMPB[23:16]
TTSCBL
15:8 TIMESTAMPB[15:8]
7:0 TIMESTAMPB[7:0]
31:24 TIMESTAMPC[63:56]
23:16 TIMESTAMPC[55:48]
TTSCCH
15:8 TIMESTAMPC[47:40]
7:0 TIMESTAMPC[39:32]
31:24 TIMESTAMPC[31:24]
23:16 TIMESTAMPC[23:16]
TTSCCL
15:8 TIMESTAMPC[15:8]
7:0 TIMESTAMPC[7:0]
Reserved
15: W_RESET | LOOPBACK | SPD_SEL[0] AUTONEGEN PD REAUTONEG| DUPLEXMD
BASIC CONTROL 5:8 SW_RES OOPBACK | SPD_SEL[0] AUTONEG UTONEG DU
- 7:0 SPD_SEL[1]
BASIC STATUS 15:8 100BT4A | 100BTXFDA A 100BTXHDA | 10BTFDA 10BTHDA | 100BT2FDA | 100BT2HDA | EXTSTS
- 7:0 AUTONEGC | RMTFLTD | AUTONEGA | LNKSTS JABDET EXTCAPA
15: 1[2:
PHY_ID1 58 OUl[2:9]
- 7:0 0oUI[10:17]
15:8 0ouI[18:23] MODEL[5:4]
PHY_ID2
- 7:0 MODEL[3:0] REV[3:0]
Reserved
15: FNCTN[1:
MMDCTRL 58 CTN[T:0]
7:0 DEVAD[4:0]
15:8 ADR_DATA[15:8]
MMDAD
7:0 ADR_DATA[7:0]
Related Links
1.3. Register Bit Types
Data Sheet DS60001734C-page 75
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11.1.1  Identification Register

Name: OA_ID

Address: 0x000

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

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
MAJVER([3:0] MINVER[3:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 1 0 0 0 1

Bits 7:4 — MAJVER[3:0] Major Version
This field contains the major version identifier of the OPEN Alliance 10BASE-T1x MAC-PHY Serial Interface
specification supported by this device.
Note: This device is designed to conform to version 1.1 of the OPEN Alliance specification.

Bits 3:0 — MINVER[3:0] Minor Version
This field contains the minor version identifier of the OPEN Alliance 10BASE-T1x MAC-PHY Serial Interface
specification supported by this device.
Note: This device is designed to conform to version 1.1 of the OPEN Alliance specification.
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11.1.2

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

PHY Identification Register

Name: OA_PHYID
Address: 0x001

Attention: This register is a reflection of the integrated PHY Clause 22 PHY_IDO and PHY_ID1 registers.

Tip: The product ID and hardware revision number may be found in the Device Identification
(11.6.5. DEVID) register.

31 30 29 28 27 26 25 24

ouI21:14]

RO RO RO RO RO RO RO RO
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16

OUI[13:6]

RO RO RO RO RO RO RO RO
0 0 0 0 0 1 1 1
15 14 13 12 11 10 9 8

OUI[5:0] 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] REVISION[3:0]

RO RO RO RO RO RO RO RO

1 0 1 1 0 0 1 1

Bits 31:10 — OUI[21:0] Organizationally Unique Identifier

Bits 9:4 —

Bits 3:0 —

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

MODEL[5:0] Manufacturer’s Model Number
Six-bit manufacturer’s integrated PHY identification number.
Value Description

011011 LAN8650/1 Integrated PHY

REVISION[3:0] Manufacturer’s Revision Number
Four-bit integrated PHY revision number.

Value Description

0011 Integrated PHY Revision 3
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11.1.3 Standard Capabilities

Name: OA_STDCAP
Address: 0x0002

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8
TXFCSVC IPRAC DPRAC
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 1 0 1
Bit 7 6 5 4 3 2 1 0
CTC FTSC ADC [ SEQC | MINCPSI[2:0]
Access RO RO RO RO RO RO RO RO
Reset 1 1 1 0 0 1 0 1

Bit 10 —- TXFCSVC Transmit Frame Check Sequence Validation Capability
This bit indicates the ability for the MAC to validate the frame check sequence appended by and received from the
SPI host. Frames received from the SPI host with an invalid frame check sequence will not be transmitted to the
network.

Note: Transmit frame sequence validation is supported as indicated by this bit reading as ‘1.

Value Description

0 Transmit frame check sequence validation is not supported
1 Transmit frame check sequence validation is supported

Bit 9 — IPRAC Indirect PHY Register access Capability
This bit indicates that the registers of the integrated PHY may be indirectly accessed using the optional OPEN
Alliance MDIO Access 0-7 (MDIOACCNn) registers.
Note: Indirect PHY register access via the optional OPEN Alliance MDIO Access 0-7 (MDIOACCn) is not supported
and this bit always reads as ‘0’. PHY registers, however, may be accessed indirectly through the standard Clause 22
MMD Access Control (11.1.21. MMDCTRL) and MMD Access Address/Data (11.1.22. MMDAD) registers mapped
directly into the SPI MMSO register space.

Value Description
0 Indirect PHY register access is not supported
1 Indirect PHY register access is supported

Bit 8 - DPRAC Direct PHY Register Access Capability
This bit indicates that the integrated PHY registers are directly accessible in SPI MMSO0 (Clause 22), MMS2 (PCS),
MMS3 (PMA/PMD), and MMS4 (PHY vendor specific) as specified by the OPEN Alliance.
Note: PHY registers are directly accessible as indicated by this bit reading as ‘1°.

Value Description
0 Direct PHY register access is not supported
1 Direct PHY register access is supported

Bit 7 — CTC Cut-through Capability
This bit indicates the support for cut-through transfer of frames through the device to/from the network.
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Note: Frame cut-through is supported as indicated by this bit reading as ‘1°.

Value Description
0 Cut-through frame transfer is not supported
1 Cut-through frame transfer is supported

Bit 6 - FTSC Frame Timestamp Capability
This bit indicates support for the capturing of timestamps on frame network ingress/egress.
Note: Frame ingress/egress timestamping is supported as indicated by this bit reading as ‘1".

Value Description
0 Timestamp capture on frame ingress/egress is not supported
1 Timestamp capture on frame ingress/egress is supported

Bit 5 — AIDC Address Increment Disable Capability
This bit indicates support for disabling the automatic post-increment of the register address for control command
reads and writes. When supported, disabling of the automatic address post-increment is done through the Automatic
Increment Disable (AID) bit in the control command header.
Note: The register address auto-increment may be disabled as indicated by this bit reading as ‘1’

Value Description
0 Control command address post-increment disable is not supported
1 Control command address post-increment disable is supported

Bit 4 — SEQC Transmit Data Chunk Sequence and Retry Capability
This bit indicates support for monitoring of the transmit data header Sequence (SEQ) bit as sent by the host MCU.
Note: Transmit data header Sequence bit (SEQ) is not supported as indicated by this bit reading as ‘0’.

Value Description
0 Transmit data header sequence monitoring is not supported
1 Transmit data header sequence monitoring is supported

Bits 2:0 — MINCPS[2:0] Minimum Chunk Payload Size Capability
This field indicates the minimum supported data payload size. The minimum supported data payload size is 2N where
N is the value of this bitfield.
Note: The minimum supported data payload size is 32 bytes as indicated by this field reading as ‘“101’.

011 Minimum supported data payload size is 8 bytes
100 Minimum supported data payload size is 16 bytes
101 Minimum supported data payload size is 32 bytes
110 Minimum supported data payload size is 64 bytes
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11.1.4 Reset Control and Status Register

Name: OA_RESET
Address: 0x03

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
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
SWRESET
Access RO RO RO RO RO RO RO R/W SC
Reset 0 0 0 0 0 0 0 0

Bit 0 —- SWRESET Software Reset

Writing a ‘1’ to this bit will fully reset the device including the integrated PHY. When set, the reset will not occur until
the CS_N pin has been deasserted high following the SPI transaction performing the write.

Note: This bit is self clearing upon reset of the device.

Value Description

0 Normal operation

1 Device performs a reset
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11.1.5 Configuration 0 Register

Name: OA_CONFIGO
Address: 0x004

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 15 14 13 12 (il 10 9 8
SYNC TXFCSVE RFA[1:0] TXCTHRESH[1:0] | TXCTE RXCTE
Access  R/W1S RIW RW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
FTSE FTSS PROTE | SEQE | CPS[2:0]
Access RIW RIW RIW RO RO RIW RIW RIW
Reset 0 0 0 0 0 1 1 0

Bit 15 — SYNC Configuration Synchronization
Once the device has been configured and is ready for Ethernet frames to be transferred between the network and
SPI, the host MCU sets this bit to a “1’. This bit is reflected in the data footer SYNC bit.
Note: Once set, this bit may only be cleared by a reset of the device.

Value Description

0 Device has not been configured and transfer of Ethernet frames is not permitted
1 Device has been configured and transfer of Ethernet frames may occur

Bit 14 — TXFCSVE Transmit Frame Check Sequence Validation Enable
When this bit is set, the MAC will interpret the final four bytes of frames received from the SPI host as an Ethernet
frame check sequence. The MAC will validate the received frame to verify correct reception via SPI. Should an error
be detected in the frame received from the host over SPI, the device will drop the frame and not transmit it onto the
network.
Note: When enabling this feature, the SPI host must pad the frame to the minimum size and append the calculated
32-bit frame check sequence.

Value Description

0 Transmit frame check sequence validation is not performed. The internal MAC will pad frames received
from the host to the minimum packet size and append the correct frame check sequence prior to
transmitting the packet onto the network.

1 Transmit frame check sequence validation is performed. The SPI host must pad all frames to the
minimum packet size and append the correct frame check sequence. The internal MAC will validate the
frame received from the host before transmitting it onto the network.

Bits 13:12 — RFA[1:0] Receive Frame Alignment
This field configures the alignment of receive frames within the receive data chunks. When this field is ‘00’, receive
Ethernet frames may begin at any word of any receive SPI data chunk.
When this field is ‘01’, the start of all receive Ethernet frames will be output to the SPI aligned to the beginning of any
receive data chunk payload with a Start Word Offset (SWO) of zero.
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When this field is configured to ‘10, the start of all receive Ethernet frames will be output to the SPI beginning with
the first receive data chunk payload following CS_N assertion. The Start Word Offset (SWO) will always be zero.
Only one frame may be received per assertion of CS_N.

Note: Writing this field to ‘11’ is invalid and will result in undefined operation.

Value Description
00 Receive Ethernet frames may begin at any word of any receive data chunk. (Default)
01 Zero-Align Receive Frame Enable (ZARFE)
Receive Ethernet frames will begin only at the first word of the receive data payload in any data chunk.
10 CS_N Align Receive Frame Enable (CSARFE)
Receive Ethernet frames only begin in the first word of the first receive data chunk following assertion
of CS_N
11 Invalid

Bits 11:10 — TXCTHRESH[1:0] Transmit Credit Threshold
This field configures the minimum number of transmit credits (TXC) of free buffer chunks that must be available within
the device before IRQ_N will be asserted. This guarantees a minimum number of Ethernet frame data chunks the
SPI host may send to the device in a burst.

00 IRQnN will be asserted when more than 1 buffer chunk is free

01 IRQnN will be asserted when more than 4 buffer chunks are free
10 IRQnN will be asserted when more than 8 buffer chunks are free
11 IRQnN will be asserted when more than 16 buffer chunks are free

Bit 9 — TXCTE Transmit Cut-Through Enable
When set, this bit will enable the cut-through mode of egress frame transfer from the SPI to the network.
Value Description
0 Transmit frame cut-through is disabled
1 Transmit frame cut-through is enabled

Bit 8 - RXCTE Receive Cut-Through Enable
When set, this bit will enable the cut-through mode of ingress frame transfer from the network to the SPI.
Value Description
0 Receive frame cut-through is disabled
1 Receive frame cut-through is enabled

Bit 7 — FTSE Frame Timestamp Enable
When set, this bit enables the capturing of frame ingress/egress timestamps.

Value Description
0 Frame ingress/egress timestamping is disabled
1 Frame ingress/egress timestamping is enabled

Bit 6 — FTSS Frame Timestamp Select
When frame timestamping is enabled (see FTSE), this bit selects the size and format of the timestamps added to the
beginning of ingress frames and captured on request of egress frames.
Value Description
0 32-bit timestamps
1 64-bit timestamps

Bit 5 - PROTE Control Data Read/Write Protection Enable
When set, this bit will enable the protection of control command register data against bit errors during transfer over
the SPI.
Note: Control data read/write protection is disabled by default. Therefore, to enable control data read/write
protection, this field must be initially written without write protection.

Value Description
0 Control data read/write protection is disabled
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Value Description
1 Control data read/write protection is enabled

Bit 4 — SEQE Transmit data header Sequence bit support Enable
If supported, setting this bit would enable the MAC-PHY monitoring of the Sequence (SEQ) bit sent by the SPI host in
the transmit data header.
Note: This feature is not supported. This bit is read-only and cannot be set.

Value Description
0 Transmit data header Sequence bit monitoring is disabled.
1 Transmit data header Sequence bit monitoring is enabled. (Not supported)

Bits 2:0 — CPS[2:0] Chunk Payload Size
This field configures the data chunk payload size. The data payload size is configured to 2N where N is the value of
this bitfield.
Note: This field shall not be changed without a reset of the device once the Configuration Synchronization (SYNC)
bit has been set enabling Ethernet packet transfer.

Value Description

101 32 byte data chunk payload size
110 64 byte data chunk payload size
others Reserved
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11.1.6  Status 0 Register

Name: OA_STATUSO
Address: 0x008

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
CPDE TXFSE TTSCAC TTSCAB TTSCAA
Access RO RO RO R/W1C R/W1C R/W1C R/W1C R/W1C
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PHYINT RESETC HDRE LOFE RXBOE TXBUE TXBOE TXPE
Access RO R/W1C R/W1C R/W1C R/W1C R/W1C R/W1C R/W1C
Reset 0 0 0 0 0 0 0 0

Bit 12 — CPDE Control Data Protection Error
When control register data protection is enabled (see PROTE), this bit is set when a bit error has been detected in a
control command received from the SPI host.

Value Description
0 A control command data error has not been detected
1 A control command data error has been detected

Bit 11 - TXFSE Transmit Frame Check Sequence Error
When transmit frame check sequence validation is enabled (see TXFCSVE), this bit will be set when the MAC-PHY
receives an Ethernet frame from the SPI host with an invalid frame check sequence.
Value Description
0 Transmit frame check sequence error has not been detected
1 Transmit frame check sequence error has been detected

Bit 10 - TTSCAC Transmit Timestamp Capture Available C
This bit is set when a frame has been transmitted to the network and a timestamp has been captured in the Transmit
Timestamp Capture C (TTSCC) register and is ready for reading.

Value Description
0 Timestamp has not been captured into the Transmit Timestamp Capture C (TTSCC) register
1 Timestamp has been captured into the Transmit Timestamp Capture C (TTSCC) register

Bit 9 — TTSCAB Transmit Timestamp Capture Available B
This bit is set when a frame has been transmitted to the network and a timestamp has been captured in the Transmit
Timestamp Capture B (TTSCB) register and is ready for reading.
Value Description

0 Timestamp has not been captured into the Transmit Timestamp Capture B (TTSCB) register
1 Timestamp has been captured into the Transmit Timestamp Capture B (TTSCB) register

Bit 8 - TTSCAA Transmit Timestamp Capture Available A
This bit is set when a frame has been transmitted to the network and a timestamp has been captured in the Transmit
Timestamp Capture A (TTSCA) register and is ready for reading.
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Value Description
0 Timestamp has not been captured into the Transmit Timestamp Capture A (TTSCA) register
1 Timestamp has been captured into the Transmit Timestamp Capture A (TTSCA) register

Bit 7 — PHYINT PHY Interrupt
This bit is set when the integrated PHY has signaled an interrupt service request. The host must read the PHY status
registers to determine the source of the PHY interrupt.
Note: This bit is cleared by clearing the underlying PHY interrupt source(s).

Value Description
0 PHY interrupt has not been detected
1 PHY interrupt has been detected

Bit 6 - RESETC Reset Complete
This bit is set upon a reset of the device.

Value Description
0 Device has not been reset (normal operation)
1 Device has been reset and requires configuration

Bit 5 — HDRE Header Error Status
This bit is set when a header was received which failed the parity check.
Value Description
0 No header error detected
1 Header error has occured

Bit 4 — LOFE Loss of Framing Error Status
This bit is set when an early deassertion of CS_N has been detected and the MAC-PHY has lost transaction framing

=
=
o
—
>
(o)
0
o
n
-

Value Description
0 Loss of framing error has not been detected
1 Loss of framing error has been detected

Bit 3 — RXBOE Receive Buffer Overflow Error Status
This bit is set when received data from the network has overflowed the internal receive buffer and Ethernet frame
data has been lost.

Value Description
0 Receive buffer overflow condition has not been detected
1 Receive buffer overflow condition has been detected

Bit 2 — TXBUE Transmit Buffer Underflow Error Status
This bit is set when transmit data from the SPI host has under-flowed the internal transmit buffer while the MAC was
transmitting the Ethernet frame data to the network in transmit cut-through operation.
Value Description
0 Transmit buffer underflow condition has not been detected
1 Transmit buffer underflow condition has been detected

Bit 1 — TXBOE Transmit Buffer Overflow Error Status
This bit is set when transmit Ethernet frame data from the SPI host has over-flowed the internal transmit buffers.

Value Description
0 Transmit buffer overflow condition has not been detected
1 Transmit buffer overflow condition has been detected

Bit 0 — TXPE Transmit Protocol Error Status
This bit is set when a transmit data protocol error has been detected.

Value Description
0 Transmit protocol error has not been detected
1 Transmit protocol error has been detected
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11.1.7  Status 1 Register

Name: OA_STATUS1
Address: 0x009

This register contains vendor specific status.

Bit 31 30 29 28 27 26 25 24
| | | | | | | | |
Access RO RO RO RO RO R/W1C R/W1C R/W1C
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
uvis
Access R/W1C R/W1C R/W1C R/W1C R/W1C R/W1C R/W1C RO
Reset 0 0 0 0 0 0 0 0
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
| | | | | | | | |
Access RO RO RO RO RO RO R/W1C R/W1C
Reset 0 0 0 0 0 0 0 0

Bit 19 — UV18 1.8V supply Under-Voltage Status
Set when an under-voltage condition has been detected on the 1.8V supply.

Value Description

0 1.8V supply under-voltage condition has not been detected
1 1.8V supply under-voltage condition has occurred
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11.1.8 Buffer Status Register

Name: OA_BUFSTS
Address: 0x000B

Internal SPI<->MAC Transmit and Receive Buffer Status

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

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

Bits 15:8 — TXC[7:0] Transmit Credits Available
This field contains the number of transmit data chunks (segments) of Ethernet frame data that the host MCU can
write in a single burst without causing a Transmit Buffer Overflow Error.
Note: This field is saturated to five bits (0x1F) and sent over SPI to the host MCU within the TXC field of every
receive data footer.

20x31 Not supported

0x30 The host MCU may write up to 48 chunks (segments) of Ethernet frame data without overflow.

0x2F The host MCU may write up to 47 chunks (segments) of Ethernet frame data without overflow.

0x01 The host MCU may write 1 chunk (segment) of Ethernet frame data without overflow.

0x00 The host MCU cannot write any chunks (segments) of Ethernet frame data without causing an overflow
error .

Bits 7:0 — RCA[7:0] Receive Chunks Available
This field contains the number of receive data chunks (segments) of Ethernet frame data that is available to the host
MCU for reading. If the MCU host reads more chunks than is available, either empty data chunks with the footer Data
Valid flag set to zero or the additional frame data may be sent to the MCU if the MAC-PHY has received data from
the network since the beginning of the frame data transaction burst.
Note: This field is saturated to five bits (0x1F) and sent over SPI to the host MCU within the RCA field of every
receive data footer.

Value Description
>0x31 Not supported
0x30 At least 48 chunks (segments) of Ethernet frame data are available for reading.
0x2F 47 chunks (segments) of Ethernet frame data are available for reading.
0x01 One chunk (segment) of Ethernet frame data is available for reading.
0x00 There is no Ethernet frame data available for reading.
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11.1.9 Interrupt Mask 0 Register

Name: OA_IMASKO
Address: 0x00C

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
CPDEM TXFCSEM TTSCACM TTSCABM TTSCAAM
Access RO RO RO R/W R/W R/W R/W R/W
Reset 0 0 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
PHYINTM RESETCM HDREM LOFEM RXBOEM TXBUEM TXBOEM TXPEM
Access R/W RO R/W R/W R/W R/W R/W R/W
Reset 1 0 1 1 1 1 1 1

Bit 12 — CPDEM Control Data Protection Error Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Control Data Protection Error (CPDE) status
bit is set in the Status 0 register.

Value Description
0 Control data protection error status interrupt enabled
1 Control data protection error status interrupt disabled

Bit 11 - TXFCSEM Transmit Frame Check Sequence Error Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Transmit Frame Check Sequence Error
(TXFCSE) status bit is set in the Status 0 register.

Value Description
0 Transmit frame check sequence error status interrupt enabled
1 Transmit frame check sequence error status interrupt disabled

Bit 10 - TTSCACM Transmit Timestamp Capture Available C Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Transmit Timestamp Capture Available C
(TTSCAC) status bit is set in the Status O register.

Value Description
0 Transmit timestamp capture available C status interrupt enabled
1 Transmit timestamp capture available C status interrupt disabled

Bit 9 - TTSCABM Transmit Timestamp Capture Available B Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Transmit Timestamp Capture Available B
(TTSCAB) status bit is set in the Status 0 register.

Value Description
0 Transmit timestamp capture available B status interrupt enabled
1 Transmit timestamp capture available B status interrupt disabled

Bit 8 - TTSCAAM Transmit Timestamp Capture Available A Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Transmit Timestamp Capture Available A
(TTSCAA) status bit is set in the Status 0 register.
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Value Description
0 Transmit timestamp capture available A status interrupt enabled
1 Transmit timestamp capture available A status interrupt disabled

Bit 7 — PHYINTM PHY Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the PHY Interrupt (PHYINT) status bit is set in
the Status O register.
Value Description
0 PHY status interrupt enabled
1 PHY status interrupt disabled

Bit 6 — RESETCM Reset Complete Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Reset Complete (RESETC) status bit is set in
the Status 0 register.
Note: The Reset Complete interrupt cannot be disabled. A Reset will always cause the IRQ_N pin to be asserted
upon setting of the Reset Complete (RESETC) status bit in the Status 0 register.

Value Description
0 Reset complete status interrupt enabled
1 Invalid state (cannot be written)

Bit 5 — HDREM Header Error Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Header Error (HDRE) status bit is set in the
Status 0 register.
Value Description
0 Header error status interrupt enabled
1 Header error status interrupt disabled

Bit 4 —- LOFEM Loss of Framing Error Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Loss of Framing Error (LOFE) status bit is set
in the Status 0 register.

Value Description
0 Loss of framing error status interrupt enabled
1 Loss of framing error status interrupt disabled

Bit 3 - RXBOEM Receive Buffer Overflow Error Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Receive Buffer Overflow Error (RXBOE)
status bit is set in the Status 0 register.

Value Description
0 Receive buffer overflow status interrupt enabled
1 Receive buffer overflow status interrupt disabled

Bit 2 - TXBUEM Transmit Buffer Underflow Error Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Transmit Buffer Underflow Error (TXBUE)
status bit is set in the Status O register.
Value Description
0 Transmit buffer underflow status interrupt enabled
1 Transmit buffer underflow status interrupt disabled

Bit 1 —- TXBOEM Transmit Buffer Overflow Error Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Transmit Buffer Overflow Error (TXBOE)
status bit is set in the Status 0 register.

Value Description
0 Transmit buffer overflow status interrupt enabled
1 Transmit buffer overflow status interrupt disabled
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Bit 0 — TXPEM Transmit Protocol Error Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the Transmit Protocol Error (TXPE) status bit is
set in the Status 0 register.

Value Description

0 Transmit protocol error status interrupt enabled
1 Transmit protocol error status interrupt disabled
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11.1.10 Interrupt Mask 1 Register

Name: OA_MASK1
Address: 0x00D

This register contains vendor specific status interrupt masks.

Bit 31 30 29 28 27 26 25 24
| | | | | | | | |
Access RO RO R/W R/W R/W R/W R/W R/W
Reset 0 0 1 1 1 1 1 1
Bit 23 22 21 20 19 18 17 16
uvisM
Access R/W R/W R/W R/W R/W R/W R/W RO
Reset 1 1 1 1 1 1 1 0
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
| | | | | | | | |
Access RO RO RO RO RO RO R/W R/W
Reset 0 0 0 0 0 0 1 1

Bit 19 — UV18M 1.8V supply Under-Voltage Interrupt Mask
When clear, this bit will enable the assertion of the IRQ_N pin when the 1.8V supply Under-voltage (UV18) status bit
is set in the Status 1 register.

Value Description

0 1.8V supply under-voltage interrupt enabled
1 1.8V supply under-voltage interrupt disabled
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Transmit Timestamp Capture A (High)

Name: TTSCAH
Address: 0x0010

Bits 31:0 — TIMESTAMPA[63:32] Captured Egress Timestamp

Bit 31 30 29 28 27 26 25 24
TIMESTAMPA[63:56]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TIMESTAMPA[55:48]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TIMESTAMPA[47:40]
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
TIMESTAMPA[39:32]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

This field contains the 32 most significant bits of the 64-bit captured egress frame timestamp. The format of the
timestamp is determined by the state of the Frame Timestamp Select (FTSS) bit in the OPEN Alliance Configuration

0 (11.1.5. OA_CONFIGO) register.
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11.1.12 Transmit Timestamp Capture A (Low)

Name: TTSCAL
Address: 0x0011

Bit 31 30 29 28 27 26 25 24
TIMESTAMPA[31:24]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TIMESTAMPA[23:16]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TIMESTAMPA[15:8]
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
TIMESTAMPA[7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — TIMESTAMPA[31:0] Captured Egress Timestamp A
This field contains the 32 least significant bits of the 64-bit captured egress frame timestamp. The format of the
timestamp is determined by the state of the Frame Timestamp Select (FTSS) bit in the OPEN Alliance Configuration

0 (11.1.5. OA_CONFIGO) register.
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11.1.13 Transmit Timestamp Capture B (High)

Name: TTSCBH
Address: 0x0012

Bit 31 30 29 28 27 26 25 24
TIMESTAMPB[63:56]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TIMESTAMPB[55:48]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TIMESTAMPB[47:40]
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
TIMESTAMPB[39:32]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — TIMESTAMPB[63:32] Captured Egress Timestamp B
This field contains the 32 most significant bits of the 64-bit captured egress frame timestamp. The format of the
timestamp is determined by the state of the Frame Timestamp Select (FTSS) bit in the OPEN Alliance Configuration

0 (11.1.5. OA_CONFIGO) register.
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11.1.14 Transmit Timestamp Capture B (Low)

Name: TTSCBL
Address: 0x0013
Bit 31 30 29 28 27 26 25 24
TIMESTAMPB[31:24]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TIMESTAMPB[23:16]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TIMESTAMPB[15:8]
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
TIMESTAMPBJ7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — TIMESTAMPB[31:0] Captured Egress Timestamp B
This field contains the 32 least significant bits of the 64-bit captured egress frame timestamp. The format of the
timestamp is determined by the state of the Frame Timestamp Select (FTSS) bit in the OPEN Alliance Configuration

0 (11.1.5. OA_CONFIGO) register.
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11.1.15 Transmit Timestamp Capture C (High)

Name: TTSCCH
Address: 0x0014

Bit 31 30 29 28 27 26 25 24
TIMESTAMPC[63:56]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TIMESTAMPC[55:48]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TIMESTAMPC[47:40]
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
TIMESTAMPC[39:32]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — TIMESTAMPC[63:32] Captured Egress Timestamp C
This field contains the 32 most significant bits of the 64-bit captured egress frame timestamp. The format of the
timestamp is determined by the state of the Frame Timestamp Select (FTSS) bit in the OPEN Alliance Configuration

0 (11.1.5. OA_CONFIGO) register.
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11.1.16 Transmit Timestamp Capture C (Low)

Name: TTSCCL
Address: 0x0015
Bit 31 30 29 28 27 26 25 24
TIMESTAMPC[31:24]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TIMESTAMPC[23:16]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TIMESTAMPC[15:8]
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
TIMESTAMPC[7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — TIMESTAMPC[31:0] Captured Egress Timestamp C
This field contains the 32 least significant bits of the 64-bit captured egress frame timestamp. The format of the
timestamp is determined by the state of the Frame Timestamp Select (FTSS) bit in the OPEN Alliance Configuration

0 (11.1.5. OA_CONFIGO) register.
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11.1.17 Basic Control

Name: BASIC_CONTROL
Address: OxFFO00

Clause 22 Basic Control Register

Bit 15 14 13 12 11 10 9 8
| SW_RESET | LOOPBACK | SPD_SEL[0] | AUTONEGEN PD REAUTONEG | DUPLEXMD
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
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 integrated PHY. A software reset will restore all integrated
PHY registers to their default state, except for those fields identified as “NASR”, Not Affected by Software 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 integrated 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.
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 - AUTONEGEN 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 will be powered down
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Bit 9 - REAUTONEG 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 —- DUPLEXMD 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 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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11.1.18 Basic Status

Name: BASIC_STATUS
Address: OxFFO1

Clause 22 Basic Status Register

Bit 15 14 13 12 11 10 9 8
| 100BT4A | 100BTXFDA | 100BTXHDA 10BTFDA 10BTHDA 100BT2FDA | 100BT2HDA EXTSTS
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
AUTONEGC RMTFLTD AUTONEGA LNKSTS JABDET EXTCAPA
Access RO RO RO RO RO RO RC RO
Reset 0 0 0 0 0 1 0 1

Bit 15 — 100BT4A 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 — 100BTXFDA 100BASE-TX Full Duplex Ability
Note: 100BASE-TX full duplex 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 — 100BTXHDA 100BASE-TX Half Duplex Ability
Note: 100BASE-TX half duplex 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 - 10BTFDA 10BASE-T Full Duplex Ability
Note: Full duplex operation is not supported. This bit is always ‘0’.

Value Description
0 PHY not able to operate at 10 Mbit/s in full duplex
1 PHY able to operate at 10 Mbit/s in full duplex

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

Value Description
0 PHY not able to operate at 10 Mbit/s in half duplex
1 PHY able to operate at 10 Mbit/s in half duplex

Bit 10 — 100BT2FDA 100BASE-T2 Full Duplex Ability
Note: 100BASE-T2 full duplex 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 — 100BT2HDA 100BASE-T2 Half Duplex Ability
Note: 100BASE-T2 half duplex 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 — EXTSTS 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 OXFFOF
1 Extended status information in register OXFFOF

Bit 5— AUTONEGC 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 - RMTFLTD 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 - AUTONEGA 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 - LNKSTS 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 - JABDET 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 — EXTCAPA Extended Capabilities Ability
When this bit is clear, it indicates that only the basic capability registers BASIC_CONTROL and BASIC_STATUS are
available. When set, then extended registers in the range of OxFF02-OxFFOF are available in addition to the basic
capability registers.
Note: Extended capabilities registers are supported. This bit is always ‘1°.

0 Extended capabilities registers between 0xFF02-0xFFOF are not supported. Only the basic capabilities
registers BASIC_CONTROL and BASIC_STATUS registers are supported.
1 Extended capabilities registers between 0xFF02-OxFFOF are supported in addition to basic capabilities

registers BASIC_CONTROL and BASIC_STATUS.
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11.1.19 PHY Identifier 1 Register

Name: PHY_ID1
Address: 0xFF02
Bit 15 14 13 12 1" 10 9 8
0oUI[2:9]
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
OUI[10:17]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 1 1 1

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
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11.1.20 PHY Identifier 2 Register

Name: PHY_ID2
Address: 0xFFO3

This register contains the model number and hardware revision for the integrated PHY block only.

Bit 15 14 13 12 11 10 9 8
| OUI[18:23] | MODEL[5:4]
Access RO RO RO RO RO RO RO RO
Reset 1 1 0 0 0 0 0 1
Bit 7 6 5 4 3 2 1 0
MODEL[3:0] REV[3:0]
Access RO RO RO RO RO RO RO RO
Reset 1 0 1 1 0 0 1 1

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 integrated PHY identification number.
Value Description
011011 LAN8650/1 Integrated PHY

Bits 3:0 — REV[3:0] Manufacturer’s Revision Number
Four-bit integrated PHY revision number.

Value Description

0011 Silicon revision 3
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11.1.21 MMD Access Control Register

Name: MMDCTRL
Address: OxFFOD

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
00011 PCS
11111 Vendor Specific 2
Others Reserved - do not access
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11.1.22 MMD Access Address/Data Register

Name: MMDAD
Address: OxFFOE

Bit 15 14 13 12 1 10 9 8
ADR_DATA[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADR_DATA[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 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
* 01lb, 10b, 11b = When read, the contents from the MMD register are returned
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0x00

0x01

0x05

Ox1F

0x20

0x21

0x22

0x23

0x24

0x25

0x26

0x27

0x28

LAN8650/1

Register Descriptions

MAC Registers
The MAC registers are located within Memory Map Selector 1 (MMS1).

/A\WARNING

RESERVED address space must not be written except when specifically directed to by Microchip. Failure
to heed this warning may result in adverse operation and unexpected results.

Refer to the Register Bit Types section for details on register bit attribute notation.

I L A N N N NN NN BN

31:24
23:1
MAC_NCR 3:16
- 15:8
7:0 TXEN RXEN LBL
31:24 RXBP IRXFCS EFRHD
23:1 RF LFERD
MAC_NCFGR 3:16 cs
- 15:8 MAXFS
7:0 UNIHEN MTIHEN NBC CAF DNVLAN
Reserved
31:24 ADDRJ[31:24]
23:1 ADDRJ[23:1
MAC_HRB 3:16 [23:16]
- 15:8 ADDR[15:8]
7.0 ADDR[7:0]
31:24 ADDRJ[31:24]
23:1 ADDRJ[23:1
MAC_HRT 3:16 [23:16]
- 15:8 ADDR[15:8]
7.0 ADDR[7:0]
31:24 ADDRJ[31:24]
23:1 ADDRJ[23:1
MAC_SAB1 3:16 [23:16]
- 15:8 ADDR[15:8]
7.0 ADDR[7:0]
31:24
23:16 FLTTYP
MAC_SAT1
- 15:8 ADDRI[47:40]
7.0 ADDR[39:32]
31:24 ADDRJ[31:24]
23:1 ADDRJ[23:1
MAC_SAB2 3:16 [23:16]
- 15:8 ADDR[15:8]
7.0 ADDR[7:0]
31:24 FLTBMI5:0]
23:16 FLTTYP
MAC_SAT2
- 15:8 ADDRI[47:40]
7.0 ADDR[39:32]
31:24 ADDRJ[31:24]
23:1 ADDRJ[23:1
MAC_SAB3 3:16 [23:16]
- 15:8 ADDR[15:8]
7.0 ADDR[7:0]
31:24 FLTBMI5:0]
23:16 FLTTYP
MAC_SAT3
- 15:8 ADDRI[47:40]
7.0 ADDR[39:32]
31:24 ADDRJ[31:24]
23:1 ADDRJ[23:1
MAC_SAB4 3:16 [23:16]
- 15:8 ADDR[15:8]
7.0 ADDR[7:0]
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...continued

I A N N N R N B

0x29

O0x2A

0x2B

0x2C

0x2D
0x31

0x32

0x33

0x37

0x6E

Ox6F

0x70

0x74

0x75

0x76

0x77

0x7B

0x027F

31:24 FLTBM[5:0]
23:16 FLTTYP
MAC_SAT4
- 15:8 ADDR47:40]
7:0 ADDR[39:32]
31:24 ENID
23:16
MAC_TIDM1
- 15:8 TID[15:8]
7:0 TID[7:0]
31:24 ENID
23:16
MAC_TIDM2
- 15:8 TID[15:8]
7:0 TID[7:0]
31:24 ENID
23:16
MAC_TIDM3
- 15:8 TID[15:8]
7:0 TID[7:0]
31:24 ENID
23:16
MAC_TIDM4
- 15:8 TID[15:8]
7:0 TID[7:0]
Reserved
31:24 ADDR[31:24]
MAC_SAMB1 | 2516 ADDR(23:16]
15:8 ADDR[15:8]
7:0 ADDR[7:0]
31:24
MAC_SAMT1 23:16
15:8 ADDRI47:40]
7:0 ADDR[39:32]
Reserved
31:24 LSBTIR[7:0]
MAC_TISUBN 2316
- 15:8 MSBTIR[15:8]
7.0 MSBTIR[7:0]
31:24
MAC_TSH 23:16
- 15:8 TCS[47:40]
7:0 TCS[39:32]
31:24 TCS[31:24]
VAG TSL 23:16 TCS[23:16]
- 15:8 TCS[15:8]
7:0 TCS[7:0]
31:24 TNS[29:24]
23:16 TNS[23:16]
MAC_TN
- 15:8 TNS[15:8]
7.0 TNS[7:0]
31:24 ADJ ITDT[29:24]
23:16 ITDT[23:16]
MAC_TA
- 15:8 ITDT[15:8]
7.0 ITDT[7:0]
31:24
23:16
MAC_TI
- 15:8
70 CNS[7:0]
Reserved
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...continued

R A N S N N N B

0x0280

0x0284

0x0287

0x0288

0x0289

0x028A

0x028B

0x028C

0x028D

0x028E

0x028F

0x0290

0x0291

0x0292

0x0293

0x0294

31:24
23:16
BMGR_CTL
- 15:8
7:0 SNAPSTATS = CLRSTATS
Reserved
31:24 RXSE[7:0]
23:16 LFERJ[7:0]
STATSO
15:8 OFRX[7:0]
7:0 UFRX[7:0]
31:24 RXRER][7:0]
23:16 RXBOVRJ[7:0]
STATS1
15:8 RXFOVR[7:0]
7:0
31:24
23:16
STATS2
15:8
7:0 FCSE[7:0]
31:24 TID4MCNTI[7:0]
23:16 TID3MCNT[7:0]
STATS3
15:8 TID2MCNT[7:0]
7:0 TID1MCNT[7:0]
31:24 SA4MCNTI[7:0]
23:16 SA3MCNT[7:0]
STATS4
15:8 SA2MCNT[7:0]
7:0 SATMCNT[7:0]
31:24 UHMFRX[7:0]
23:16 MHMFRX[7:0]
STATS5
15:8 BFRX][7:0]
7:0 VTRX[7:0]
31:24 TFRX[31:24]
23:16 TFRX[23:16]
STATS6
15:8 TFRX[15:8]
7:0 TFRX[7:0]
31:24 FRX[31:24]
23:16 FRX[23:16]
STATS7
15:8 FRX[15:8]
7:0 FRX[7:0]
31:24
23:16
STATS8
15:8
7:0 TXAIE[7:0]
31:24 TXAEE[7:0]
23:16 TXFURJ[7:0]
STATS9
15:8 TXBUR[7:0]
7:0
31:24
23:16
STATS10
15:8
7:0 XCOL[7:0]
31:24 TFTX[31:24]
23:16 TFTX[23:16]
STATS11
15:8 TFTX[15:8]
7:0 TFTX[7:0]
31:24 FTX[31:24]
23:16 FTX[23:16]
STATS12
15:8 FTX[15:8]
7:0 FTX[7:0]
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Related Links
1.3. Register Bit Types
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11.2.1  MAC Network Control Register

Name: MAC_NCR
Address: 0x000
Reset: 0x00000000
Property: -

Important: Reserved fields must be written with their default value.

Bit 31 30 29 28 27 26 25 24
| | | | | | | | |
Access RO RO RO RO RO R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
| | | | | | | | |
Access R/W R/W R/W R/W R/W WO WO R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
| | | | | | | | |
Access R/W R/W WO WO \Ye) WO WO R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TXEN RXEN LBL
Access R/W WO \WYe] R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 3 - TXEN Transmit Enable
Writing a '1' to this bit enables the MAC transmitter to send data.
Writing a '0' to this bit stops transmission immediately, the transmit pipeline is cleared.
0 Transmit is disabled
1 Transmit is enabled

Bit 2 - RXEN Receive Enable
Writing a '1' to this bit enables the MAC to receive data.
Writing a '0' to this bit stops frame reception immediately, and the receive pipeline is cleared.
Value Description
0 Receive is disabled
1 Receive is enabled

Bit 1 — LBL Loop Back Local
Writing "1' to this bit connects internal MIl signals TXD[3:0] to RXD[3:0], TXEN to RXDV, and forces full duplex mode.
RXCK and TXCK to the internal PHY may malfunction as the MAC is switched into and out of internal loop back.
It is important that receive and transmit circuits have already been disabled when making the switch into and out of
internal loop back.

Value Description

0 Loop back local is disabled
1 Loop back local is enabled
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11.2.2 MAC Network Configuration Register

Name: MAC_NCFGR
Address: 0x001
Reset: 0x00080000

Property: Read/Write

Important: Reserved fields must be written with their default value.

Bit 31 30 29 28 27 26 25 24
RXBP IRXFCS EFRHD
Access R/W R/wW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
RFCS LFERD
Access R/wW R/wW R/wW R/wW R/W R/W R/wW R/wW
Reset 0 0 0 0 1 0 0 0
Bit 15 14 13 12 1 10 9 8
MAXFS
Access R/W R/wW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
UNIHEN MTIHEN NBC CAF DNVLAN
Access R/wW R/wW R/wW R/wW R/W R/W R/wW R/wW
Reset 0 0 0 0 0 0 0 0

Bit 29 — RXBP Receive Bad Preamble
When written to '1', frames with non-standard preamble are not rejected.

Bit 26 — IRXFCS Ignore RX FCS
For normal operation this bit must be written to zero.
When this bit is written to '1', frames with FCS/CRC errors will not be rejected. FCS error statistics will still be
collected for frames with bad FCS, and FCS status will be recorded in the DMA descriptor of the frame.

Bit 25 - EFRHD Enable Frames Received in half-duplex
Writing a '1' to this bit enables frames to be received in half-duplex mode while transmitting.

Bit 17 - RFCS Remove FCS
Writing this bit to '1" will cause received frames to be written to memory without their frame check sequence (last 4
bytes). The indicated frame length will be reduced by four bytes in this mode.

Bit 16 — LFERD Length Field Error Frame Discard
Writing a '1' to this bit discards frames with a measured length shorter than the extracted length field (as indicated by
bytes 13 and 14 in a non-VLAN tagged frame). This only applies to frames with a length field less than 0x0600.

Bit 8 - MAXFS 1536 Maximum Frame Size
Writing a '1' to this bit increases the maximum accepted frame size to 1536 bytes in length. When written to '0', any
frame above 1518 bytes in length is rejected.
Note: To receive maximum sized VLAN tagged frame, 1536 setting is needed.
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Bit 7 — UNIHEN Unicast Hash Enable
When writing a '1' to this bit, unicast frames will be accepted when the 6-bit hash function of the destination address
points to a bit that is set in the Hash Register.
Writing a '0' to this bit disables unicast hashing.

Bit 6 — MTIHEN Multicast Hash Enable
When writing a '1' to this bit, multicast frames will be accepted when the 6-bit hash function of the destination address
points to a bit that is set in the Hash Register.
Writing a '0' to this bit disables multicast hashing.

Bit 5 - NBC No Broadcast
Writing a '1' to this bit will reject frames addressed to the broadcast address OxFFFFFFFFFFFF (all '1').
Writing a '0' to this bit allows broadcasting to OxFFFFFFFFFFFF.

Bit 4 - CAF Copy All Frames
When writing a '1' to this bit, all valid frames will be accepted.

Bit 2 - DNVLAN Discard Non-VLAN Frames
Writing a '1' to this bit allows only VLAN-tagged frames to pass to the address matching logic.
Writing a '0' to this bit allows both VLAN-tagged and untagged frames to pass to the address matching logic.
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11.2.3 MAC Hash Register Bottom

Name: MAC_HRB
Address: 0x020
Reset: 0x00000000
Property: Read/Write

The unicast hash enable (UNIHEN) and the multicast hash enable (MITIHEN) bits in the Network Configuration

Register (MAC_NCFGR) enable the reception of hash matched frames.

Bit 31 30 29 28 27 26 25 24
| ADDR[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ADDR[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
ADDR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 31:0 — ADDR[31:0] Hash Address
The first 32 bits of the Hash Address Register.
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11.2.4 MAC Hash Register Top

Name: MAC_HRT
Address: 0x021
Reset: 0x00000000

Property: Read/Write

The Unicast Hash Enable (UNIHEN) and the Multicast Hash Enable (MITIHEN) bits in the Network Configuration

Register (MAC_NCFGR) enable the reception of hash matched frames.

Bit 31 30 29 28 27 26 25 24
| ADDR[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ADDR[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
ADDR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDRJ[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 31:0 — ADDR[31:0] Hash Address
Bits 63 to 32 of the Hash Address Register.
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11.2.5 MAC Specific Address 1 Bottom Register

Name: MAC_SAB1
Address: 0x022
Reset: 0x00000000

Property: Read/Write

The addresses stored in the Specific Address Registers are deactivated at reset or when their corresponding Specific
Address Register Bottom is written. They are activated when Specific Address Register Top is written.

Bit 31 30 29 28 27 26 25 24
| ADDR[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ADDR[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — ADDR[31:0] Specific Address 1
Least significant 32 bits of the destination address, that is, bits 31:0. Bit zero indicates whether the address is
multicast or unicast and corresponds to the least significant bit of the first byte received.
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11.2.6 MAC Specific Address 1 Top Register

Name: MAC_SAT1
Address: 0x023
Reset: 0x00000000

Property: Read/Write

The addresses stored in the Specific Address Registers are deactivated at reset or when their corresponding Specific
Address Register Bottom is written. They are activated when Specific Address Register Top is written.

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
FLTTYP
Access RO RO RO RO RO RO RO R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDR[47:40]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR[39:32]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 16 — FLTTYP Filter Type 1
This control bit selects whether this filter should be comparing the MAC source address or the MAC destination
address of the received Ethernet frame. When set to zero, the filter is a destination address filter. When set to one,
the filter is a source address filter.

Bits 15:0 —- ADDR[47:32] Specific Address 1
The most significant bits of the destination address, that is, bits 47:32.
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11.2.7 MAC Specific Address 2 Bottom Register

Name: MAC_SAB2
Address: 0x024
Reset: 0x00000000

Property: Read/Write

The addresses stored in the Specific Address Registers are deactivated at reset or when their corresponding Specific
Address Register Bottom is written. They are activated when Specific Address Register Top is written.

Bit 31 30 29 28 27 26 25 24
| ADDR[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ADDR[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — ADDR[31:0] Specific Address 2
Least significant 32 bits of the destination address, that is, bits 31:0. Bit zero indicates whether the address is
multicast or unicast and corresponds to the least significant bit of the first byte received.
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11.2.8 MAC Specific Address 2 Top Register

Name: MAC_SAT2
Address: 0x025
Reset: 0x00000000

Property: Read/Write

The addresses stored in the Specific Address Registers are deactivated at reset or when their corresponding Specific
Address Register Bottom is written. They are activated when Specific Address Register Top is written.

Bit 31 30 29 28 27 26 25 24
| | | FLTBM[5:0]
Access RO RO RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
FLTTYP
Access RO RO RO RO RO RO RO R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
ADDR[47:40]
Access RIW RW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR([39:32]
Access RIW RW RIW RW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 29:24 — FLTBM[5:0] Filter Byte Mask 2
When set, the associated byte of the specific address will not be compared. Bit 24 controls whether the first byte

received should be compared. Bit 29 controls whether the last byte received should be compared.

Bit 16 — FLTTYP Filter Type 2
This control bit selects whether this filter should be comparing the MAC source address or the MAC destination

address of the received Ethernet frame. When set to zero, the filter is a destination address filter. When set to one,
the filter is a source address filter.

Bits 15:0 —- ADDR[47:32] Specific Address 2
The most significant bits of the destination address, that is, bits 47:32.
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11.2.9 MAC Specific Address 3 Bottom Register

Name: MAC_SAB3
Address: 0x026
Reset: 0x00000000

Property: Read/Write

The addresses stored in the Specific Address Registers are deactivated at reset or when their corresponding Specific
Address Register Bottom is written. They are activated when Specific Address Register Top is written.

Bit 31 30 29 28 27 26 25 24
| ADDR[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ADDR[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:0 - ADDR[31:0] Specific Address 3
Least significant 32 bits of the destination address, that is, bits 31:0. Bit zero indicates whether the address is
multicast or unicast and corresponds to the least significant bit of the first byte received.
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Register Descriptions

11.2.10 MAC Specific Address 3 Top Register

Name: MAC_SAT3
Address: 0x027
Reset: 0x00000000

Property: Read/Write

The addresses stored in the Specific Address Registers are deactivated at reset or when their corresponding Specific
Address Register Bottom is written. They are activated when Specific Address Register Top is written.

Bit 31 30 29 28 27 26 25 24
| | | FLTBM[5:0]
Access RO RO RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
FLTTYP
Access RO RO RO RO RO RO RO R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
ADDR[47:40]
Access RIW RW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR([39:32]
Access RIW RW RIW RW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 29:24 — FLTBM[5:0] Filter Byte Mask 3
When set, the associated byte of the specific address will not be compared. Bit 24 controls whether the first byte

received should be compared. Bit 29 controls whether the last byte received should be compared.

Bit 16 — FLTTYP Filter Type 3
This control bit selects whether this filter should be comparing the MAC source address or the MAC destination

address of the received Ethernet frame. When set to zero, the filter is a destination address filter. When set to one,
the filter is a source address filter.

Bits 15:0 —- ADDR[47:32] Specific Address 3
The most significant bits of the destination address, that is, bits 47:32.
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Register Descriptions

11.2.11 MAC Specific Address 4 Bottom Register

Name: MAC_SAB4
Address: 0x028
Reset: 0x00000000

Property: Read/Write

The addresses stored in the Specific Address Registers are deactivated at reset or when their corresponding Specific
Address Register Bottom is written. They are activated when Specific Address Register Top is written.

Bit 31 30 29 28 27 26 25 24
| ADDR[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ADDR[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — ADDR[31:0] Specific Address 4
Least significant 32 bits of the destination address, that is, bits 31:0. Bit zero indicates whether the address is
multicast or unicast and corresponds to the least significant bit of the first byte received.
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Register Descriptions

11.2.12 MAC Specific Address 4 Top Register

Name: MAC_SAT4
Address: 0x029
Reset: 0x00000000

Property: Read/Write

The addresses stored in the Specific Address Registers are deactivated at reset or when their corresponding Specific
Address Register Bottom is written. They are activated when Specific Address Register Top is written.

Bit 31 30 29 28 27 26 25 24
| | | FLTBM[5:0]
Access RO RO RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
FLTTYP
Access RO RO RO RO RO RO RO R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
ADDR[47:40]
Access RIW RW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR([39:32]
Access RIW RW RIW RW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 29:24 — FLTBM[5:0] Filter Byte Mask 4
When set, the associated byte of the specific address will not be compared. Bit 24 controls whether the first byte

received should be compared. Bit 29 controls whether the last byte received should be compared.

Bit 16 — FLTTYP Filter Type 4
This control bit selects whether this filter should be comparing the MAC source address or the MAC destination

address of the received Ethernet frame. When set to zero, the filter is a destination address filter. When set to one,
the filter is a source address filter.

Bits 15:0 —- ADDR[47:32] Specific Address 4
The most significant bits of the destination address, that is, bits 47:32.
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11.2.13 MAC Type ID Match 1 Register

Name: MAC_TIDM1
Address: 0x02A
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
ENID
Access R/W RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TID[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TID[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 31 — ENID Enable Copying of TID 1 Matched Frames
Value Description

0 TID 1 is not part of the comparison match.
1 TID 1 is processed for the comparison match.

Bits 15:0 — TID[15:0] Type ID Match 1
For use in comparisons with received frames type ID/length frames.
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11.2.14 MAC Type ID Match 2 Register

Name: MAC_TIDM2
Address: 0x02B
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
ENID
Access R/W RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TID[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TID[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 31 — ENID Enable Copying of TID 2 Matched Frames
Value Description

0 TID 2 is not part of the comparison match.
1 TID 2 is processed for the comparison match.

Bits 15:0 — TID[15:0] Type ID Match 2
For use in comparisons with received frames type ID/length frames.
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11.2.15 MAC Type ID Match 3 Register

Name: MAC_TIDM3
Address: 0x02C
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
ENID
Access R/W RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TID[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TID[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 31 — ENID Enable Copying of TID 3 Matched Frames
Value Description

0 TID 3 is not part of the comparison match.
1 TID 3 is processed for the comparison match.

Bits 15:0 — TID[15:0] Type ID Match 3
For use in comparisons with received frames type ID/length frames.
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11.2.16 MAC Type ID Match 4 Register

Name: MAC_TIDM4
Address: 0x02D
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
ENID
Access R/W RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TID[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TID[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 31 — ENID Enable Copying of TID 4 Matched Frames
Value Description

0 TID 4 is not part of the comparison match.
1 TID 4 is processed for the comparison match.

Bits 15:0 — TID[15:0] Type ID Match 4
For use in comparisons with received frames type ID/length frames.
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Register Descriptions

11.2.17 MAC Specific Address 1 Mask Bottom

Name: MAC_SAMB1
Address: 0x032
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
ADDR([31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ADDR[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDRJ[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — ADDR[31:0] Specific Address 1 Mask

Setting a bit to '1' masks the corresponding bit in the Specific Address 1 Bottom register (MAC_SAB1).
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Register Descriptions

11.2.18 MAC Specific Address Mask 1 Top

Name: MAC_SAMT1
Address: 0x033

Reset: 0x00000000
Property: -

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8
ADDR[47:40]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDR[39:32]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — ADDR[47:32] Specific Address 1 Mask

Setting a bit to '1' masks the corresponding bit in the Specific Address 1 register MAC_SAT1.
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Register Descriptions

11.2.19 TSU Timer Increment Sub-nanoseconds Register

Name: MAC_TISUBN
Address: 0x06F
Reset: 0x00000000
Property: Read/Write
Bit 31 30 28 27 26 25 24
LSBTIR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 23 22 20 19 18 17 16
Access RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0
Bit 15 14 12 11 10 9 8
MSBTIR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 4 3 2 1 0
MSBTIR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bits 31:24 — LSBTIR[7:0] Lower Significant Bits of Timer Increment Register
These are the least significant bits [7:0] of the sub-ns value by which the TSU timer will be incremented each clock

cycle.

Bits 15:0 —- MSBTIR[15:0] Most Significant Bits of Timer Increment Register
Most significant bits of Timer Increment Register [15:0], giving a 24-bit timer_increment counter. These bits are the
sub-ns value which the TSU timer will be incremented each clock cycle. Bit n = 2("24) ns giving a resolution of
approximately 5.86E-"7 sec (16 bits give 15.2 femtoseconds).
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Register Descriptions

11.2.20 TSU Timer Seconds High Register

Name: MAC_TSH
Address: 0x070
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TCS[47:40]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TCS[39:32]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — TCS[47:32] Timer Count in Seconds
This register contains the upper 16 bits of the 48-bit timestamp unit seconds counter. It increments by 1 when the
TSU nanoseconds counter counts to one second. It may also be incremented when the Timer Adjust Register is

written.
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Register Descriptions

11.2.21 TSU Timer Seconds Low Register

Name: MAC_TSL
Address: 0x074
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
TCS[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TCS[23:16]
Access R/W R/W R/W R/W R/W R/W R/W RW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
TCS[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TCS[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — TCS[31:0] Timer Count in Seconds
This register contains the lower 32 bits of the 48-bit timestamp unit seconds counter. It increments by 1 when the
TSU nanoseconds counter counts to one second. It may also be incremented when the Timer Adjust Register is

written.
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11.2.22 TSU Timer Nanoseconds Register

Name: MAC_TN
Address: 0x075
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
TNS[29:24]
Access RO RO R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TNS[23:16]
Access R/W R/W R/W R/W R/W R/W R/W RW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
TNS[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TNS[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 29:0 — TNS[29:0] Timer Count in Nanoseconds

This register is writable. It can also be adjusted by writes to the TSU Timer Adjust Register. It increments by the value
of the TSU Timer Increment Register each clock cycle.
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Register Descriptions

11.2.23 TSU Timer Adjust Register

Name: MAC_TA
Address: 0x076
Reset: 0x00000000

Property:  Write-Only

Bit 31 30 29 28 27 26 25 24
ADJ ITDT[29:24]
Access w RO W W W W w w
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ITDT[23:16]
Access W w W w W W W w
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ITDT[15:8]
Access W w w w w w W W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ITDT[7:0]
Access W w W w W w W w
Reset 0 0 0 0 0 0 0 0

Bit 31 — ADJ TSU Timer Adjust
Write as '1' to subtract from the TSU timer. Write as '0' to add to it.

Bits 29:0 — ITDT[29:0] Increment/Decrement
The number of nanoseconds to increment or decrement the TSU Timer Nanoseconds Register. If necessary, the TSU
Seconds Register will be incremented or decremented.
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Register Descriptions

11.2.24 TSU Timer Increment Register

Name: MAC_TI

Address: 0x077

Reset: 0x00000000
Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CNSJ7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 — CNS[7:0] Count Nanoseconds

A count of nanoseconds by which the TSU Timer Nanoseconds Register will be incremented each clock cycle.
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Register Descriptions

11.2.25 MAC Buffer Manager Control

Name: BMGR_CTL
Address: 0x0280

Bit 31 30 29 28 27 26 25 24
| | | | | | | | |
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
| | | | | | | | |
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
| | | | | | | | |
Access RO RO RO RO RO RO R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SNAPSTATS CLRSTATS
Access RO RO R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 0 0 0

Bit 5 — SNAPSTATS Snapshot Statistics Counters
Write this bit to ‘1’ to snapshot all statistics counters.

Value Description

0 Normal Operation. Statistics counters increment normally.
1 Snapshot. Statistics counters are frozen at their current value.

Bit 4 — CLRSTATS Clear Statistics Counters
Writing this bit to “1” will clear all statistics counters.

Value Description

0 Normal operation. Statistics counters increment normally.
1 Statistics counters are cleared to 0.
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11.2.26 Statistics 0
Name: STATSO
Address: 0x0288
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
RXSE[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
LFER[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
OFRX[7:0]
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
UFRX[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 31:24 — RXSE[7:0] Receive Symbol Errors

This bit field counts the number of frames that had RXER asserted during reception. Symbol errors are counted
regardless of frame length checks. Receive symbol errors will also be counted as an FCS or alignment error if the
frame is between 64 and 1518 bytes (1536 bytes if MAC_NCFGR.MAXFS=1). If the frame is larger it will be recorded
as an Oversize Frame Received (OFRX) error.

This field will saturate at 0xFF and will be cleared on read.

Bits 23:16 — LFER[7:0] Length Field Errors

Bits 15:8

This bit field counts the number of frames received that have a measured length shorter than that extracted from the
length field (bytes 13 and 14). This condition is only counted if the value of the length field is less than 0x0600 (1536
bytes), the frame is not of excessive length and checking is enabled by writing a '1' to the Length Field Error Frame
Discard bit in the Network Configuration Register (MAC_NCFGR.LFERD).

This field will saturate at 0xFF and will be cleared on read.

— OFRX[7:0] Oversize Frames Received

This bit field counts the number of frames received exceeding 1518 bytes in length (1536 bytes if
MAC_NCFGR.MAXFS is written to '1") but do not have either a CRC error, an alignment error, nor a receive symbol
error.

This field will saturate at OxFF and will be cleared on read.

Bits 7:0 — UFRX[7:0] Undersize Frames Received

This bit field counts the number of frames received less than 64 bytes in length that do not have either a CRC error or
an alignment error.
This field will saturate at OxFF and will be cleared on read.
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Register Descriptions

11.2.27 Statistics 1

Name: STATSAH
Address: 0x0289
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
RXRER([7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
RXBOVR[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
RXFOVR[7:0]
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
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 31:24 — RXRER[7:0] Receive Resource Errors

This bit field counts frames that were not received from the network because there was no internal memory resource

available at the beginning of frame reception. The receive frame is ignored.

This field will saturate at OxFF and will be cleared on read.

Bits 23:16 — RXBOVR[7:0] Receive Buffer Overruns

This bit field counts the number of frames that are address recognized but dropped due to a receive buffer overrun

during the middle of frame reception.

This field will saturate at OxFF and will be cleared on read.

Bits 15:8 —- RXFOVR[7:0] Receive FIFO Overruns

This bit field counts the number of frames that are address recognized but dropped due to a receive FIFO overrun

during the middle of frame reception.

This field will saturate at OxFF and will be cleared on read.
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11.2.28 Statistics 2

Name: STATS2
Address: 0x028A
Reset: 0x00000000
Property: -

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

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
FCSE[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 7:0 — FCSE[7:0] Frame Check Sequence Errors
The register counts frames that are an integral number of bytes, have bad CRC and are between 64 and 1518 bytes
in length (1536 Bytes if MAC_NCFGR.MAXFS is written to '1'). This register is also incremented if a symbol error is
detected and the frame is of valid length and has an integral number of bytes.
This register is incremented for a frame with bad FCS, regardless of whether it is copied to memory due to ignore
FCS mode (enabled by writing MAC_NCFGR.IRXFCS=1).
This field will saturate at OxFF and will be cleared on read.
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11.2.29 Statistics 3

Bits 31:24 — TIDAMCNT[7:0] Type ID 4 Match Count

This field will saturate at OxFF and will be cleared on read.

Bits 23:16 — TIDSMCNT[7:0] Type ID 3 Match Count

This field will saturate at OxFF and will be cleared on read.

Bits 15:8 — TID2MCNT[7:0] Type ID 2 Match Count

This field will saturate at OxFF and will be cleared on read.

Bits 7:0 — TID1IMCNTI[7:0] Type ID 1 Match Count

This field will saturate at OxFF and will be cleared on read.

Name: STATS3
Address: 0x028B
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
TID4MCNT[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TID3AMCNTI[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TID2MCNT[7:0]
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
TIDIMCNTI[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
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11.2.30 Statistics 4

Name: STATS4
Address: 0x028C
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
SA4MCNT[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
SA3MCNTI7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
SA2MCNT[7:0]
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
SATMCNTI7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 31:24 — SAAMCNT[7:0] Specific Address 4 Match Count
This field will saturate at OxFF and will be cleared on read.

Bits 23:16 — SABMCNT[7:0] Specific Address 3 Match Count
This field will saturate at OxFF and will be cleared on read.

Bits 15:8 — SA2MCNT[7:0] Specific Address 2 Match Count
This field will saturate at OxFF and will be cleared on read.

Bits 7:0 — SATMCNTI[7:0] Specific Address 1 Match Count

This field will saturate at OxFF and will be cleared on read.
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11.2.31 Statistics 5

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bits 31:24 — UHMFRX[7:0] Unicast Hash Match Frames Received without Error

Bits 23:16 — MHMFRX[7:0] Multicast Hash Match Frames Received without Error

Name: STATS5
Address: 0x028D
Reset: 0x00000000
Property: -
31 30 29 28 27 26 25 24
UHMFRX[7:0]
RC RC RC RC RC RC RC RC
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
MHMFRX[7:0]
RC RC RC RC RC RC RC RC
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
BFRX[7:0]
RC RC RC RC RC RC RC RC
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
VTRX[7:0]
RC RC RC RC RC RC RC RC
0 0 0 0 0 0 0 0

This register counts the number of unicast hash matching frames successfully received without error. It is only

incremented if the frame is successfully filtered and copied to memory.

This field will saturate at OxFF and will be cleared on read.

This register counts the number of multicast hash matching frames successfully received without error. It is only

incremented if the frame is successfully filtered and copied to memory.

This field will saturate at OxFF and will be cleared on read.

Bits 15:8 — BFRX[7:0] Broadcast Frames Received without Error
This bit field counts the number of broadcast frames successfully received without error. It is only incremented if the
frame is successfully filtered and copied to memory.

This field will saturate at 0xFF and will be cleared on read.

Bits 7:0 — VTRX[7:0] VLAN Tagged Frames Received without Error
This bit field counts the number of VLAN tagged frames successfully received without error. It is only incremented if

the frame is successfully copied to memory.

This field will saturate at OxFF and will be cleared on read.
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11.2.32 Statistics 6

Name: STATS6
Address: 0x028E
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
TFRX[31:24]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TFRX[23:16]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TFRX[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
TFRX][7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — TFRX[31:0] Total Frames Received (including errors)

This bit field counts the number of frames received, including those with errors.

This field will saturate at OxFFFFFFFF and will be cleared on read.
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11.2.33 Statistics 7

Name: STATS7
Address: 0x028F
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
FRX[31:24]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
FRX[23:16]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
FRX[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
FRX][7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — FRX[31:0] Frames Received without Error
This bit field counts the number of frames successfully received. It is only incremented if the frame is successfully
filtered and copied to memory.
This field will saturate at OxXFFFFFFFF and will be cleared on read.
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11.2.34 Statistics 8

Name: STATS8
Address: 0x0290
Reset: 0x00000000
Property: -

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

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
TXAIE[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 7:0 — TXAIE[7:0] Transmit Abort Internal Error

This bit field counts the number of frames that were aborted and dropped due to an internal error.
This field will saturate at OxFF and will be cleared on read.
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11.2.35 Statistics 9

Name: STATS9
Address: 0x0291
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
TXAEE[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TXFUR[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TXBUR[7:0]
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
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 31:24 — TXAEE[7:0] Transmit Abort External Error
This bit field counts the number of frames that were aborted and dropped due to an external SPI host error. Such
errors include:
» Repeated Frame Start - the device received two start-of-frame indication from the SPI host without an end-of-
frame.
* Frame received from the SPI host exceeds 1536 bytes in length
» Transmit Frame Check Sequence Error - The SPI host appended Frame Check Sequence (FCS) does not
match the frame data received from the host. This may indicate a bit error on SPI, or the host incorrectly
calculated the FCS.

This field will saturate at OxFF and will be cleared on read.

Bits 23:16 — TXFUR[7:0] Transmit FIFO Underruns
This bit field counts the number of frames that were dropped due to transmit FIFO underrun during the middle of
frame transmission.
This field will saturate at 0xFF and will be cleared on read.

Bits 15:8 — TXBUR[7:0] Transmit Buffer Underruns
This bit field counts the number of frames that were dropped due to buffer underrun during the middle of frame
transmission.
This field will saturate at OxFF and will be cleared on read.
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11.2.36 Statistics 10

Name: STATS10
Address: 0x0292
Reset: 0x00000000
Property: -

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

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
XCOL[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 7:0 — XCOL[7:0] Excessive Collisions

This register counts the number of frames that failed to be transmitted because they experienced 16 collisions.
This field will saturate at OxFF and will be cleared on read.
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11.2.37 Statistics 11

Name: STATS11
Address: 0x0293
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
TFTX[31:24]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TFTX[23:16]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TFTX[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
TFTX[7:0]
Access RC RC RC RC RC RC RC RC
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — TFTX[31:0] Total Frames Transmitted (including errors)
This bit field counts the number of frames attempted to be transmitted. This count includes frames that incurred an
error while being transmitted.
This field will saturate at OxXFFFFFFFF and will be cleared on read.
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11.2.38 Statistics 12

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bits 31:0 — FTX[31:0] Frames Transmitted without Error

Name: STATS12
Address: 0x0294
Reset: 0x00000000
Property: -
31 30 29 28 27 26 25 24
FTX[31:24]
RC RC RC RC RC RC RC RC
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
FTX[23:16]
RC RC RC RC RC RC RC RC
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
FTX[15:8]
RC RC RC RC RC RC RC RC
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
FTX[7:0]
RC RC RC RC RC RC RC RC
0 0 0 0 0 0 0 0

This bit field counts the number of frames successfully transmitted, .i.e., no underrun and not too many retries.
This field will saturate at OxFFFFFFFF and will be cleared on read.
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11.3  PHY PCS Registers
The integrated PHY PCS registers are located within Memory Map Selector 2 (MMS2).

RESERVED address space must not be written except when specifically directed to by Microchip. Failure

AWARNING to heed this warning may result in adverse operation and unexpected results.

Refer to the Register Bit Types section for details on register bit attribute notation.

I L A N N N N N BN

0x00
Reserved
0x08F2
15:8 RST LBE DUPLEX
0x08F3 T1SPCSCTL o
15:8
0x08F4 T1SPCSSTS
7:0 FAULT
15:8 RMTJABCNT[15:8]
0x08F5 T1SPCSDIAG1
X 7:0 RMTJABCNT[7:0]
15:8 CORTXCNT[15:8]
0x08F6 T1SPCSDIAG2
7:0 CORTXCNT[7:0]

Related Links
1.3. Register Bit Types
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11.3.1  10BASE-T1S PCS Control

Name: T1SPCSCTL
Address: 0x08F3

Bit 15 14 13 12 1" 10 9 8
RST LBE DUPLEX
Access R/W SC R/wW RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 1
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 — RST PCS Reset

When this bit is set, the PCS 4B5B encoder/decoder, scrambler/descrambler, and frame encoder/decoder blocks will
be 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
When this bit is set, data from the MAC will be passed through the PHY to the PCS and returned back to the
MAC. This tests the full path from the MAC media interface through the PCS scrambler/descrambler and 4B/5B
encoder/decoder.
Value Description
0 Disable PCS loopback mode
1 Enable PCS loopback mode

Bit 8 - DUPLEX Duplex Mode
Note: Only half-duplex operation is supported. This bit is always 1.

Value Description

0 Full-duplex operation
1 Half-duplex operation
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11.3.2 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 RC RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 7 — FAULT PCS Fault Indication

This bit will be set when the PCS has detected a fault condition on the receive or transmit path.

Note: This bit always reads ‘0’ as there are no detectable PCS faults.

Value Description

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

11.3.3
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
0 0 0 0 0 0 0

Reset 0
Bits 15:0 - RMTJABCNT[15:0] Remote Jabber Count
Field counting the number of remote jabber events (ESDJAB) received since the last read of the register. This field

will saturate at OxFFFF.
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Bits 15:0 - CORTXCNT[15:0] Corrupted Transmit Count

10BASE-T1S PCS Diagnostic 2
Name: T1SPCSDIAG2
Address: 0x08F6
Bit 15 14 13 12 1" 10 9 8
CORTXCNTI[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

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 on the physical layer. This field is self-clearing

when read. This field will saturate at OxFFFF.
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0x00
0x11
0x12
0x14
0x0833
0x0834

0x0836
0x08F8
0x08F9

0x08FA

0x08FB

LAN8650/1

Register Descriptions

PHY PMA/PMD Registers

The integrated PHY PMA/PMD registers are located within Memory Map Selector 3 (MMS3).

/A\WARNING

RESERVED address space must not be written except when specifically directed to by Microchip. Failure
to heed this warning may result in adverse operation and unexpected results.

Refer to the Register Bit Types section for details on register bit attribute notation.

I L A N N N N N BN

Reserved
T1PMAPMDEXTA |28
7:0
Reserved
15:
T1PMAPMDCTL 58
7:0
Reserved
15:8 RST TXD
T1SPMACTL
7:0
15: LBA
T1SPMASTS 58
7:0
15:8 TSTCTL[2:0
T1STSTCTL 70 201

Related Links
1.3. Register Bit Types

T1SABL T1LABL

TYPSEL[3:0]
LPE MDE
LBE
LPA MDA RXFA
RXFD
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Bit 3 — TISABL 10BASE-T1S Ability

This bit indicates the ability of the PHY to support 10BASE-T1S.
Note: 10BASE-T1S operation is supported. This bit always reads 1.

Value Description

0 PMA/PMD is not able to perform 10BASE-T1S operation

1 PMA/PMD is able to perform 10BASE-T1S operation

Bit 2 - TILABL 10BASE-T1L Ability

This bit indicates the ability of the PHY to support 10BASE-T1L.

Note: 10BASE-T1L operation is not supported. This bit always reads 0.

BASE-T1 PMA/PMD Extended Ability
Name: T1PMAPMDEXTA
Address: 0x0012
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
T1SABL T1LABL
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 1 0 0 0

Value Description

0 PMA/PMD is not able to perform 10BASE-T1L operation
1 PMA/PMD is able to perform 10BASE-T 1L operation
Data Sheet
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11.4.2 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
This field sets the PMA/PMD mode of operation.
Note: Only 10BASE-T1S operation is supported. This field always reads 001 1b.

Value Description

0000b 100BASE-T1
0001b 1000BASE-T1
0010b 10BASE-T1L
0011b 10BASE-T1S

01xxb Reserved
1xxxb Reserved
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11.4.3 10BASE-T1S PMA Control

Name: T1SPMACTL
Address: 0x08F9

Bit 15 14 13 12 11 10 9 8
RST TXD LPE MDE

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

LBE

Access RO RO RO RO RO RO RO R/W
Reset 0 0 0 0 0 0 0 0

Bit 15 — RST PMA Reset
Setting this bit will reset the device PMA.
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
The PMA transmit path is disabled when this bit is set. This bit must be clear for normal operation.
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
When set, this bit will enable multidrop operation on a mixing segment.
Note: This bit has no effect on the operation of the device.

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

Bit 0 - LBE PMA Loopback Enable
This bit will enable the PMA loopback test mode when set. Data received from the MAC via the media interface will
be passed through the PCS scrambler/descrambler, 4B/5B encoder/decoder, and the PMA differential Manchester
encoder/decoder and returned back to the MAC.

Value Description
0 Disable PMA loopback mode
1 Enable PMA loopback mode
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11.44 10BASE-T1S PMA Status

Name: T1SPMASTS
Address: 0Ox08FA

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
This bit indicates that the device has PMA loopback ability.
Note: PMA loopback is supported. This bit always reads as 1.

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

Bit 11 — LPA Low Power Ability
This bit is set to indicate that the device PMA supports a low power state.
Note: PMA low power mode is supported. This bit always reads as 1.

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

Bit 10 —- MDA Multidrop Ability
This bit is set to indicate that the device supports multidrop operation on a mixing segment.
Note: Multidrop mixing segment operation is supported. This bit always reads as 1.

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
This bit indicates the ability of the device to detect a fault on the PMA receive path.
Note: The device is unable to detect a PMA receive path fault. This bit always reads as 0.

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
This bit will be set when the PMA has detected a fault on the receive path.
Note: The device PMA does not support PMA receive fault detection. This bit always reads 0.

Value Description
0 No PMA fault detected
1 PMA fault condition detected
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10BASE-T1S Test Mode Control
Name: T1STSTCTL
Address: 0x08FB
Bit 15 14 13 12 1 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

This field configures and enables the various IEEE specified test modes. 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
001
010
011
100
101
11x

Normal (non-test) operation

Test mode 1 - Transmitter output voltage, timing jitter
Test mode 2 - Transmitter output droop
Test mode 3 - Transmitter PSD mask

Test mode 4 - Transmitter high impedance mode

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

0x1C

0x1D
0x1F
0x20

0x22
0x23
0x24
0x25

0x26

0x27

0x29
0x3C
0x3D

0x3E

Ox3F

0x41
Ox7F
0x80

0x81

LAN8650/1

Register Descriptions

PHY Vendor Specific Registers
The integrated PHY vendor specific registers are located within Memory Map Selector 4 (MMS4).

/A\WARNING

RESERVED address space must not be written except when specifically directed to by Microchip. Failure
to heed this warning may result in adverse operation and unexpected results.

Refer to the Register Bit Types section for details on register bit attribute notation.

I L A N N N N N BN

Reserved
CTRLA 158
7:0 IWDE DIGLBE
Reserved
STS1 15:8 PSTC TXCOL TXJAB
7:0 EMPCYC RXINTO UNEXPB BCNBFTO PLCASYM ESDERR DEC5B
STS2 15:8 WKEMDI WKEWI uv33
7:0 oT IWDTO
15:
STS3 58
7:0 ERRTOID[7:0]
IMSKA 15:8 PSTCM TXCOLM TXJABM
7:0 EMPCYCM | RXINTOM UNEXPBM | BCNBFTOM PLCASYMM = ESDERRM DEC5BM
15: WKEMDIM WKEWIM \
IMSK2 5:8 UV33M
7:0 OT™M IWDTOM
Reserved
15:
CTRCTRL 58
7:0 TOCTRE BCNCTRE
Reserved
15:8 TOCNT[31:24]
TOCNTH
7:0 TOCNT[23:16]
TOCNTL 15:8 TOCNT[15:8]
7:0 TOCNT[7:0]
15:8 BCNCNT[31:24]
BCNCNTH
7:0 BCNCNT[23:16]
BCNCNTL 15:8 BCNCNT[15:8]
7:0 BCNCNT[7:0]
Reserved
15:8 MIRXWDEN | PRIWDEN = MITXWDEN
PRTMGMT2
7:0
I\WDTOH 15:8 TIMEOUT[31:24]
7:0 TIMEOUT[23:16]
15:8 TIMEOUT[15:8]
IWDTOL
7:0 TIMEOUTI[7:0]
Reserved
15:8 SLPEN WKINEN MDIWKEN SLPINHDLY[1:0]
SLPCTLO
7:0
15:8
SLPCTLA1
7:0 WIPOL WAKEIND CLRWKI MWKFWD |WKOFWDEN MDIFWDEN
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weeneeeeCONtinued
address | Name Jmitpos.| 7 | & | s | 4 | 3 | 2 | 1 | o |
0x83
Reserved
0xD4
15: :
0xD5 ANALOG5 58 UV33FTM[7:0]
7:0
0xD7
Reserved
OXOBFF
15:8 IDM[7:0]
0x0C00 MIDVER
7:0 VER[7:0]
15: EN RST
0x0C01 | PLCA_CTRLO 75_08 S
0x0C02 | PLCA_CTRLA 15:8 NCNT[7:0]
- 7:0 ID[7:0]
15: PST
0x0C03 = PLCA_STS 75_08 S
15:8
0x0C04 | PLCA TOTMR
- 7:0 TOTMR[7:0]
15:8 MAXBC[7:0]
PLCA _BURST
- oAPIRS 70 BTMR[7:0]

Related Links
1.3. Register Bit Types
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11.5.1  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
IWDE DIGLBE
Access RO RO RO RO R/W RO R/W RO
Reset 0 0 0 0 0 0 0 0

Bit 3 — IWDE Inactivity Watchdog Enable
When set, this bit enables the (MIlI/SC-MII/RMII/SMI) inactivity watchdog.

Value Description

0 Inactivity watchdog disabled
1 Inactivity watchdog enabled

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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11.5.2  Status 1 Register

Name: STS1
Address: 0x0018

Bit 15 14 13 12 11 10 9 8
PSTC TXCOL TXJAB

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

EMPCYC RXINTO UNEXPB BCNBFTO PLCASYM ESDERR DEC5B

Access RC RC RC RC RO RC RC RC

Reset 0 0 0 0 0 0 0 0

Bit 11 — PSTC PLCA Status Changed
This bit is set to indicate that the PLCA Status (PST) bit has changed within the PLCA Status (PLCA_STS) register.

Value Description
0 PLCA Status has not changed.
1 PLCA Status has changed.

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

T
Q
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. When a jabber condition is detected, the transmitter is
disabled for the duration of 16 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
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Value Description
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.

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 the 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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11.5.3  Status 2 Register

Name: STS2
Address: 0x0019

Bit 15 14 13 12 11 10 9 8
WKEMDI WKEWI uv33

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

oT IWDTO

Access RO RC RC RO RO RO RO RO

Reset 0 0 0 0 0 0 0 0

Bit 10 —- WKEMDI MDI Wake-up Status
This indicates wake-up from MDI energy.

Value Description
0 Wake from MDI has not occurred
1 Wake from MDI has occurred

Bit 9 - WKEWI WAKE_IN Wake-up Status
This indicates wake-up from WAKE_IN pin.

Value Description
0 Wake from WAKE_IN has not occurred
1 Wake from WAKE_IN has occurred

Bit 8 — UV33 3.3V supply Under-Voltage Status
Set when an under-voltage condition has been detected on the 3.3V supply.
Value Description
0 3.3V supply under-voltage condition has not been detected
1 3.3V supply under-voltage condition has been detected

Bit 6 — OT Over-Temperature Error Status
Value Description
0 No over-temperature error detected
1 Over-temperature error detected

Bit 5 - IWDTO Inactivity Watchdog Timeout Status
This bit is set to indicate a timeout of the inactivity watchdog has occurred.
Value Description

0 Inactivity watchdog timer has not expired

1 Inactivity watchdog timer has expired
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11.5.4  Status 3 Register

Name: STS3
Address: 0x001A

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
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 ID 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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11.5.5 Interrupt Mask 1 Register

Name: IMSKA1
Address: 0x001C

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

Reset 1 1 1 1 1 1 1 1

Bit 11 — PSTCM PLCA Status Changed Interrupt Mask

When clear, this bit will enable assertion of the PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register when the PLCA Status Changed (PSTC) status bit is set.
Value Description
0 PLCA status change interrupt enabled.
1 PLCA status change interrupt disabled.

Bit 10 —- TXCOLM Transmit Collision Interrupt Mask

When clear, this bit will enable assertion of the PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register when the Transmit Collision (TXCOL) status bit is set.
Value Description
0 Transmit collision interrupt enabled
1 Transmit collision interrupt disabled

Bit 9 — TXUABM Transmit Jabber Interrupt Mask
When clear, this bit will enable assertion of the PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register 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 PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register 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 PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register 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 PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register when the Unexpected BEACON Received (UNEXPB) status bit is set.
Value Description
0 Unexpected BEACON received interrupt enabled
1 Unexpected BEACON received interrupt disabled
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Bit 4 - BCNBFTOM BEACON Received Before Transmit Opportunity Interrupt Mask
When clear, this bit will enable assertion of the PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register 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

Bit 2 - PLCASYMM PLCA Symbols Detected Interrupt Mask

When clear, this bit will enable assertion of the PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register when the PLCA Symbols Detected (PLCASYM) 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 PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register 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 PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register 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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11.5.6 Interrupt Mask 2 Register

Name: IMSK2
Address: 0x001D

Bit 15 14 13 12 1" 10 9 8
WKEMDIM WKEWIM UV33M
Access R/wW R/wW R/W R/wW 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
OoT™ IWDTOM
Access R/W R/W R/W R/wW R/W R/wW R/W RW

Reset 1 1 1 1 1 1 1 1

Bit 10 —- WKEMDIM MDI Wakeup Interrupt Mask

When clear, this bit will enable assertion of the PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register when the MDI Wake-up (WKEMDI) status bit is set.
Value Description
0 MDI wake-up interrupt enabled
1 MDI wake-up interrupt disabled

Bit 9 — WKEWIM WAKE_IN Wake-up Interrupt Mask

When clear, this bit will enable assertion of the PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register when the WAKE_IN Wake-up (WKEWI) status bit is set.
Value Description
0 WAKE_IN wake-up interrupt enabled
1 WAKE_IN wake-up interrupt disabled

Bit 8 - UV33M 3.3V supply Under-Voltage Interrupt Mask
When clear, this bit will enable assertion of the PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register when the 3.3V supply Under-Voltage (UV33) status bit is set.

Value Description
0 3.3V supply under-voltage interrupt enabled
1 1.8V supply under-voltage interrupt disabled

Bit 6 — OTM Over-Temperature Error Interrupt Mask
When clear, this bit will enable assertion of the PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register when the Over-Temperature Error (OT) status bit is set.
Value Description
0 Over-temperature error interrupt enabled
1 Over-temperature error interrupt disabled

Bit 5 — IWDTOM Inactivity Watchdog Timeout Interrupt Mask
When clear, this bit will enable assertion of the PHY Interrupt status (PHYINT) in the OPEN Alliance Status 0
(OA_STATUSO) register when the Inactivity Watchdog Timeout (IWDTO) status bit is set.

Value Description
0 Inactivity watchdog timeout interrupt enabled
1 Inactivity watchdog timeout interrupt disabled
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11.5.7 Counter Control Register

Name: CTRCTRL
Address: 0x0020

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
TOCTRE BCNCTRE
Access RO RO RO RO RO R/W R/W R/W
Reset 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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Transmit Opportunity Count (High)
Name: TOCNTH
Address: 0x0024
Bit 15 14 13 12 11 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 to the station management

entity.

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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Bits 15:0 —- TOCNT[15:0] Transmit Opportunity Count

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

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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11.5.10 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 to the station management entity.

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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11.5.11 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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11.5.12 Port Management 2

Name: PRTMGMT2
Address: 0x003D

Bit 15 14 13 12 11 10 9 8
MIRXWDEN PRIWDEN MITXWDEN
Access RO RO R/W R/W R/W RO RO RO
Reset 0 0 1 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 13 — MIRXWDEN Media Interface Receive Watchdog Enable
When set, packets received from the network and output through the internal MIl to the MAC and SPI will reset the
inactivity watchdog timer.

Value Description
0 Media interface receive inactivity watchdog disabled
1 Media interface receive watchdog enabled

Bit 12 - PRIWDEN PHY Register Inactivity Watchdog Enable
When set, PHY register accesses by the SPI host will reset the inactivity watchdog timer.
Value Description

0 PHY register access inactivity watchdog disabled

1 PHY register access inactivity watchdog enabled

Bit 11 — MITXWDEN Media Interface Transmit Watchdog Enable
When set, packets received from the SPI and MAC through the internal MIl and output on the network will reset the
inactivity watchdog timer.

Value Description

0 Media interface transmit inactivity watchdog disabled
1 Media interface transmit inactivity watchdog enabled
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11.5.13 Inactivity Watchdog Timeout (High)

Name: IWDTOH
Address: 0x003E

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

Bits 15:0 — TIMEOUT[31:16] Inactivity Watchdog Timeout
This field configures the upper 16 bits of the 32-bit integrated PHY/MAC MIl and PHY register access inactivity
watchdog timeout in increments of 200 ns.
Note: The default value of 0x00989680 results in a timeout of 2 seconds.
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11.5.14 Inactivity Watchdog Timeout (Low)

Name: IWDTOL
Address: 0x003F

Bit 15 14 13 12 11 10 9 8
TIMEOUT[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 0 0 1 0 1 1 0
Bit 7 6 5 4 3 2 1 0
TIMEOUT[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 15:0 — TIMEOUT[15:0] Inactivity Watchdog Timeout
This field configures the lower 16 bits of the 32-bit integrated PHY/MAC MIl and PHY register access inactivity
watchdog timeout in increments of 200 ns.
Note: The default value of 0x00989680 results in a timeout of 2 seconds.
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11.5.15 Sleep Control 0 Register

Name: SLPCTLO
Address: 0x0080

Bit 15 14 13 12 1" 10 9 8
SLPEN WKINEN MDIWKEN SLPINHDLY[1:0] |
Access R/wW R/wW R/W R/wW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 1
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/wW R/W R/W RW
Reset 0 0 0 0 0 0 0 0

Bit 15 — SLPEN Sleep Enable
When set, the device stops driving the INH pin high, releasing it to high-impedance, and enters deep sleep mode.
When released, if no other device is driving the INH electrical node, an external resistor will pull the node low
disabling system switched power supplies.

Value Description
0 Normal operation
1 Sleep

Bit 14 —- WKINEN WAKE_IN Wake-up Enable
When set, enables wake-up from sleep mode upon detection of a pulse on the WAKE_IN pin.
0 Disable wake-up by input pulse on WAKE_IN
1 Enable wake-up by input pulse on WAKE_IN

Bit 13 — MDIWKEN MDI Wake-up Enable
When set, enables wake-up from sleep mode upon detection of activity at the MDI.
0 Disable wake-up from MDI activity detection
1 Enable wake-up from MDI activity detection

Bits 12:11 — SLPINHDLY[1:0] Sleep Inhibit Delay
This field configures the delay from when sleep is first commanded to when the power supply Inhibit (INH) pin
becomes high-impedance and the sleep state is entered. This delay is used to allow all nodes on a mixing segment
time to go quiet before powering down.

Value Description

00 0 ms delay
01 50 ms delay
10 100 ms delay
11 200 ms delay
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11.5.16 Sleep Control 1 Register

Name: SLPCTLA1
Address: 0x0081

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
WIPOL WAKEIND CLRWKI MWKFWD WKOFWDEN | MDIFWDEN
Access R/W R/W R/W RO R/W R/W SC R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 5 — WIPOL WAKE_IN Polarity
This bit configures the polarity of the pulse on the WAKE_IN pin that will wake the device from sleep.

Value Description
0 Device will wake from an active LOW pulse on WAKE_IN pin.
1 Device will wake from an active HIGH pulse on WAKE_IN pin.

Bit 4 - WAKEIND Wake Indication
This bit indicates a wake-up event when set.
Note: This bit is cleared by writing a ‘1’ followed by a ‘0’ to the Clear Wake Indication (CLRWKI) bit.

Value Description
0 Wake-up from sleep has not occurred
1 Wake-up from sleep has occurred

Bit 3 — CLRWKI Clear Wake Indication
Writing a ‘1’ to this bit will cause the Wake Indication (WAKEIND) status bit to be cleared.
Note: Once the device has been awaken, the station controller must write this bit to ‘1’ then ‘0’ to clear the wake
activity status and re-enable the ability to be awaken again.

Value Description
0 Normal operation
1 Clear wake activity detector

Bit 2 - MWKFWD Manual Wake Forward
When set, this bit will trigger a wake forwarding event. The device will generate a wake-up pulse on WAKE_OUT
if forwarding of wake events to WAKE_OUT is enabled by WAKE_OUT Forward Enable (WKOFWDEN) bit. Wake
activity signaling will be generated to the MDI if forwarding of wake events to MDI is enabled by MDI Wake Forward
Enable (MDIFWDEN) bit.
Note: This bit is self-cleared by hardware once the wake output events have completed.

Value Description
0 No wake out signaling (normal operation)
1 Generate wake out signaling to WAKE_OUT and/or MDI

Bit 1 - WKOFWDEN WAKE_OUT Forward Enable
Enable the generation of a WAKE_OUT pulse when a wake indication is detected by MDI activity or assertion of the
WAKE_IN pin.
Value Description

0 Disable generation of a pulse on WAKE_OUT on wake-up
1 Enable generation of a pulse on WAKE_OUT on wake-up
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Bit 0 — MDIFWDEN MDI Forward Enable
This bit will enable the generation of activity signaling on the MDI when a wake indication is detected by the assertion
of the WAKE_IN pin.

Value Description

0 Disable generation MDI wake signaling upon wake-up from WAKE_IN
1 Enable generation MDI wake signaling upon wake-up from WAKE_IN
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11.5.17 Analog Control 5

Name: ANALOG5
Address: 0x00D5

Bits 15:8 — UV33FTM[7:0] Voltage Ready Time

Bit 15 13 12 11 10 9 8
UV33FTM[7:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 1 0 1 0 0
Bit 7 5 4 3 2 1 0
Access RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0

This field configures the 3.3V VDDA and VDDAU supply under-voltage filter in increments of 10 ps. The voltage must
fall below the under-voltage threshold for longer than the time configured in this field before the 3.3V under-voltage

condition will be triggered.

Value Description

14h 200 ps (default)

00h Ous
0lh 10 us
02h 20 us
FFh 2.55ms

© 2023 Microchip Technology Inc.

and its subsidiaries

Data Sheet

DS60001734C-page 181



LAN8650/1

Register Descriptions

11.5.18 OPEN Alliance Map ID and Version Register

Name: MIDVER
Address: 0x0C00

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 Description
0x0A OPEN Alliance register map

Bits 7:0 — VER[7:0] Register Map Version
This field specifies the register map version. The version number is represented in binary-coded-decimal.

Value Description
0x10 OPEN Alliance register map version 1.0
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11.5.19 PLCA Control 0 Register

Name: PLCA_CTRLO
Address: 0x0CO01

Bit 15 14 13 12 1" 10 9 8
EN RST
Access R/wW 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.

1 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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11.5.20 PLCA Control 1 Register

Name: PLCA_CTRLA1
Address: 0x0C02
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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11.5.21 PLCA Status Register

Name: PLCA_STS
Address: 0x0CO03

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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11.5.22 PLCA Transmit Opportunity Timer Register

Name: PLCA_TOTMR
Address: 0x0C04

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 and capture the carrier
sense for all nodes on the network. The time is represented in increments of 100 ns (i.e., 1 BT). This field defaults to

32 bit times (3.2 ys) according to the IEEE 802.3cg specification (Clause 30), and the OPEN Alliance 10BASE-T1S
PLCA Management Registers specification Version 1.2.

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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11.5.23 PLCA Burst Mode Register

Name: PLCA_BURST
Address: 0x0C05

Bit 15 14 13 12 11 10 9 8
MAXBC[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
BTMR[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
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.
Value Description
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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Miscellaneous Register Descriptions
The section describes the various miscellaneous registers. These registers are located within Memory Map Selector

10 (MMS 10).

ANWARNING

Refer to the Register Bit Types section for details on register bit attribute notation.

RESERVED address space must not be written except when specifically directed to by Microchip. Failure
to heed this warning may result in adverse operation and unexpected results.

e I A N S N N S

0x00
0x80

0x81

0x82
0x86
0x8B
0x8C
0x90
0x93

0x94

Reserved
31:24 CTTHR[1:0]
23:1 :
QTXCFG 3:16 BUFSZ[2:0] MACFCSDIS
15:8
7:0
31:24
23:1 :
QRXCFG 3:16 BUFSZ[2:0
15:8
7:0
Reserved
31:24
2
MISC 3:16
15:8 UV18FEN UV18FTM[11:8]
7:0 UV18FTM[7:0]
Reserved
31:24
23: :
DEVID 3:16 MODEL[15:12]
15:8 MODEL[11:4]
7:0 MODEL[3:0] REV[3:0]
Related Links
1.3. Register Bit Types
Data Sheet DS60001734C-page 188
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11.6.1  Queue Transmit Configuration

Name: QTXCFG
Address: 0x0081

Important: When updating the fields of this register, the contents of reserved bits must not be changed.
read-modified-write process must be used when writing to this register.

Bit 31 30 29 28 27 26 25 24
CTTHR[1:0]

Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 0 1 1 0 0 0
Bit 23 22 21 20 19 18 17 16

BUFSZ[2:0] MACFCSDIS

Access R/W R/W R/W R/W R/W RO RO RO
Reset 0 0 0 1 0 0 0 0
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
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 31:30 — CTTHR[1:0] Cut-through threshold
This field configures the minimum number of buffers of Ethernet frame data to fill from the SPI host before the MAC
may begin to transmit to the network in cut-through mode.
Value Description

00 1 Chunk

01 2 Chunks (Default)
10 3 Chunks

11 4 Chunks

Bits 22:20 — BUFSZ[2:0] Buffer Size
Number of bytes allocated to each buffer in the transmit queue.

Value Description

000 32 Bytes
001 64 Bytes (default)
Others Reserved

Bit 19 — MACFCSDIS MAC Frame Check Sequence Disable
By default, the device will accept transmit frames from the SPI host and the MAC will automatically pad the frames
to the minimum 64 byte length with an appended calculated Frame Check Sequence (FCS). When set, this bit will
disable the automatic padding and FCS insertion into transmitted frames, assuming that the SPI host has already
performed padding and appending of the FCS. Additionally, when this bit is set, the MACPHY will validate the FCS of
the frame received from the SPI host. If the FCS does not match, indicating a possible bit-error over the SPI link, the
frame will not be transmitted to the network.

Value Description
0 MAC will perform frame padding and insertion of the FCS
© 2023 Microchip Technology Inc. Data Sheet DS60001734C-page 189

and its subsidiaries



LAN8650/1

Register Descriptions

Value Description
1 The MAC will not pad the frame or insert the FCS. The SPI host is responsible for padding the frame to
the minimum size and appending the FCS.
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11.6.2 Queue Receive Configuration

Name: QRXCFG
Address: 0x0082

Important: When updating the fields of this register, the contents of reserved bits must not be changed. A
read-modified-write process must be used when writing to this register.

Bit 31 30 29 28 27 26 25 24
| | | | | | | | |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 1 1 0 0 0
Bit 23 22 21 20 19 18 17 16
BUFSZ[2:0]
Access R/W R/W R/W R/W RO RO RO RO
Reset 0 0 0 1 0 0 0 0
Bit 15 14 13 12 11 10 9 8
| | | | | | | | |
Access RO RO RO R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| | | | | | | | |
Access R/W R/W R/W R/W R/W R/W RO RO
Reset 0 0 0 0 1 1 0 0

Bits 22:20 — BUFSZ[2:0] Buffer Size
Number of bytes allocated to each buffer in the receive queue.

Value Description

000 32 Bytes
001 64 Bytes (default)
Others Reserved
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11.6.3

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Pad Control Register

Name: PADCTRL
Address: x0088

31 30 29 28 27 26 25 24
PDRV3[1:0] PDRV2[1:0] PDRV1[1:0]
RIW RIW RIW RIW RIW RIW RO RO
1 1 1 1 1 1 0 0
23 22 21 20 19 18 17 16
| | | | | | | |
RW RO RO RO RO RO RO RW
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
| | | | | | | | |
RO RO RW RW RW RW RW RW
0 0 0 0 0 1 0 0
7 6 5 4 3 2 1 0
| | | | | | | | |
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Bits 31:30 — PDRV3[1:0] Digital Output Pad Drive Strength

This field configures the output pad drive strength for pin group 3.

00 Low current drive

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

Bits 29:28 — PDRV2[1:0] Digital Output Pad Drive Strength

Bits 27:26

This field configures the output pad drive strength for pin group 2.

00 Low current drive

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

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

00 Low current drive
01 Medium-low current drive
10 Medium-high current drive
11 High current drive (default)
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11.6.4 Miscellaneous
Name: MISC
Address: 0x008C
Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 1 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 " 10 9 8
UV18FEN UV18FTM[11:8]
Access RO RO RO R/W R/W R/W R/W R/W
Reset 0 0 0 1 0 0 0 0
Bit 7 6 5 4 3 2 1 0
UV18FTM[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 1

Bit 12 — UV18FEN 1.8V Supply Under-Voltage Filter Enable
Setting this bit enables the 1.8V supply under-voltage detector filter.

Value Description
0 1.8V supply under-voltage detector filter disabled
1 1.8V supply under-voltage detector filter enabled (default)

Bits 11:0 — UV18FTM[11:0] 1.8V supply Under-Voltage Filter Time

This field configures the 1.8V supply under-voltage filter in increments of 80 ns. The voltage must fall below the
under-voltage threshold for longer than the time configured in this field before the under-voltage condition will be

triggered.
Value Description
0x000 Ons
0x001 80 ns
0x010 1.28 us
0x040 5.12 us (default)
xFFF 327.8 ms
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11.6.5 Device Identification

Name: DEVID
Address: 0x0094

Bit 31 30 29 28 27 26 25 24
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16

MODEL[15:12]

Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 1 0 0 0
Bit 15 14 13 12 11 10 9 8

MODEL[11:4]

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

MODEL[3:0] REV[3:0]

Access RO RO RO RO RO RO RO RO

Reset 0 0 0 X 0 0 0 1

Bits 19:4 — MODEL[15:0] Model Number
Device’s model / product identification number

Value Description

8650h LAN8650
8651h LAN8651

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

Value Description

0001 Silicon Revision 1
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12. Data Sheet Revision History

Table 12-1. Data Sheet Revision History

DS60001734A (Nov-2021) All Initial Release for RevAO
DS60001734B (Feb-2023) All Release for RevB0
DS60001734C (Feb-2023) Table 9.4 Updated Power Consumption for LAN8651.
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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: LAN8650 10BASE-T1S MAC-PHY Ethernet Controller, 3.3/1.8V supplies

LAN8651 10BASE-T1S MAC-PHY Ethernet Controller, single 3.3V supply

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

* LAN8650B0-E/LMX - 10BASE-T1S MAC-PHY Ethernet Controller, 3.3/1.8V supply, Revision B0, Standard tray
packaging, 32-VQFN package, -40°C to +125°C

* LAN8651B0-E/LMX - 10BASE-T1S MAC-PHY Ethernet Controller, 3.3V supply, Revision B0, Standard tray
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 products:

» 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, within operating
specifications, and under normal conditions.

» Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium Copyright
Act.

» 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. Microchip is committed to continuously improving the code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including to design, test,

and integrate Microchip products with your application. Use of this information in any other manner violates these
terms. Information regarding device applications 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. Contact your
local Microchip sales office for additional support or, obtain additional support at www.microchip.com/en-us/support/
design-help/client-support-services.

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, AVR, AVR logo, AVR Freaks, BesTime, BitCloud,
CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, LANCheck, LinkMD,
maXStylus, maXTouch, MedialLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB, OptoLyzer,
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, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus,
ProASIC Plus logo, Quiet- Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider,
TrueTime, 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, Clockstudio, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion,
CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S,
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EtherGREEN, GridTime, ldealBridge, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, IntelliMOS,
Inter-Chip Connectivity, JitterBlocker, Knob-on-Display, KoD, 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 1/0, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-I.S., storClad, SQI, SuperSwitcher,
SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, Trusted Time, 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.
© 2023, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.
ISBN:

Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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