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LAN7850

Hi-Speed USB 2.0 to 10/100/1000
Ethernet Controller with HSIC

Highlights

Single Chip Hi-Speed (HS) USB 2.0 to 10/100/
1000 Ethernet Controller

- Integrated Gigabit PHY with HP Auto-MDIX

- Integrated 10/100/1000 Ethernet MAC
(Full-Duplex Support)

- Integrated USB 2.0 Device Controller
- Integrated USB PHY
Low Power Consumption

- Compliant with Energy Efficient Ethernet
IEEE 802.3az

- Wake on LAN support (WoL)

Configuration via One Time Programmable (OTP)
Memory

NetDetach provides automatic USB attach/detach
when Ethernet cable is connected/removed

Target Applications

Automotive Infotainment
Notebook/Tablet Docking Stations
Detachable Laptops

USB Port Replicators

Standalone USB to Ethernet Dongles
Embedded Systems / CE Devices
Set-Top Boxes / Video Recorders
Test Instrumentation / Industrial

System Considerations

Power and I/Os

- Multiple power management features

- 12 GPIOs

- Supports bus and self-powered operation

- Variable voltage I/O supply (1.8V-3.3V)

Software Support

- Windows 7, 8, 8.1, and 10 driver

- Linux driver

- Mac OS driver

- UEFI support

- PXE support

- Windows line command OTP/EEPROM
programming and testing utility

Packaging

- Pb-free RoHS compliant 56-pin SQFN (8 x 8 mm)

Environmental

- Commercial temperature range (0°C to +70°C)
- Industrial temperature range (-40°C to +85°C)

Key Benefits

USB 2.0 Device Controller
- Supports HS (480 Mbps), and
FS (12 Mbps) modes
- Four endpoints supported
- Supports vendor specific commands
- Remote wakeup supported
- Integrated HSIC interface

10/100/1000 Ethernet Controller

- Compliant with IEEE802.3/802.3u/802.3ab/802.3az
-10BASE-T/100BASE-TX/1000BASE-T support
-Full- and half-duplex capability

(only full-duplex operation at 1000 Mbps)
- Controller Modes
-Microsoft AOAC support
(Always On Always Connected)
-Supports Microsoft NDIS 6.2 large send offload
-Full-duplex flow control
-Loop-back modes
-Supports IEEE 802.1q VLAN tagging
-VLAN tag based packet filtering (all 4096 tags)
-Flexible address filtering modes
-33 exact matches (unicast or multicast)
-512-bit hash filter for multicast frames
-Pass all multicast
-Promiscuous unicast/multicast modes
-Inverse filtering
-Pass all incoming with status report
-Supports various statistical counters
-PME pin support

- Frame Features
-Supports 32 wake-up frame patterns
-Preamble generation and removal
-Automatic 32-bit CRC generation and checking
-9 KB jumbo frame support
-Automatic payload padding and pad removal
-Supports Rx/Tx checksum offloads

(IPv4, IPv6, TCP, UDP, IGMP, ICMP)
-Ability to add and strip IEEE 802.1q VLAN tags
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TO OUR VALUED CUSTOMERS

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

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

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

http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

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

To determine if an errata sheet exists for a particular device, please check with one of the following:
» Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

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

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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1.0 PREFACE

1.1 General Terms

TABLE 1-1: GENERAL TERMS

Term Description
10BASE-T 10 Mbps Ethernet, IEEE 802.3 compliant
100BASE-TX 100 Mbps Fast Ethernet, IEEE802.3u compliant
1000BASE-T 100 Mbps Fast Ethernet, IEEE802.3ab compliant
ADC Analog-to-Digital Converter
AFE Analog Front End
ALR Address Logic Resolution
AN Auto-Negotiation
AOAC Always on Always Connected
ARP Address Resolution Protocol
BELT Best Effort Latency Tolerance
BLW Baseline Wander
Byte 8 bits
CPM Clocks and Power Management
CSMA/CD Carrier Sense Multiple Access/Collision Detect
CSR Control and Status Registers
CTR Counter
DA Destination Address
DWORD 32 bits
EC Embedded Controller
EEE Energy Efficient Ethernet
EP USB Endpoint
EPC EEPROM Controller
FCS Frame Check Sequence - The extra checksum characters added to the end of an

Ethernet frame, used for error detection and correction.
FCT FIFO Controller
FIFO First In First Out buffer
FS Full Speed
FSM Finite State Machine
FwW Firmware
GMII Gigabit Media Independent Interface
GPIO General Purpose 1/0
GPHY Gigabit Ethernet Physical Layer
Host External system (Includes processor, application software, etc.)
HS High Speed
HW Hardware. Refers to function implemented by digital logic.
IGMP Internet Group Management Protocol
Inbound Refers to data input to the device from the host
LDO Linear Drop-Out Regulator

Level-Triggered Sticky Bit

This type of status bit is set whenever the condition that it represents is asserted. The
bit remains set until the condition is no longer true and the status bit is cleared by writ-
ing a zero.

DS00001993D-page 4
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TABLE 1-1: GENERAL TERMS (CONTINUED)
Term Description

LFPS Low Frequency Periodic Signal

LFSR Linear Feedback Shift Register

LPM Link Power Management

Isb Least Significant Bit

LSB Least Significant Byte

LTM Latency Tolerance Messaging

MAC Media Access Controller

MDI Medium Dependent Interface

MDIX Media Dependent Interface with Crossover

MEF Multiple Ethernet Frames

Mil Media Independent Interface

MIIM Media Independent Interface Management

MIL MAC Interface Layer

MLD Multicast Listening Discovery

MLT-3 Multi-Level Transmission Encoding (3-Levels). A tri-level encoding method where a
change in the logic level represents a code bit “1” and the logic output remaining at the
same level represents a code bit “0”.

msb Most Significant Bit

MSB Most Significant Byte

NRZI Non Return to Zero Inverted. This encoding method inverts the signal for a “1” and
leaves the signal unchanged for a “0”

N/A Not Applicable

NC No Connect

OTP One Time Programmable

Oul Organizationally Unique Identifier

Outbound Refers to data output from the device to the host

PCS Physical Coding Sublayer

PHY Physical Layer

PISO Parallel In Serial Out

PLL Phase Locked Loop

PMD Physical Medium Dependent

PME Power Management Event

PMIC Power Management IC

POR Power on Reset

PTP Precision Time Protocol

QWORD 64 bits

RESERVED Refers to a reserved bit field or address. Unless otherwise noted, reserved bits must
always be zero for write operations. Unless otherwise noted, values are not guaran-
teed when reading reserved bits. Unless otherwise noted, do not read or write to
reserved addresses.

RFE Receive Filtering Engine

RGMII Reduced Gigabit Media Independent Interface

RMON Remote Monitoring

RMII Reduced Media Independent Interface

RST Reset

RTC Real-Time Clock

© 2015 - 2017 Microchip Technology Inc.
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TABLE 1-1: GENERAL TERMS (CONTINUED)

Term Description
SA Source Address
SCSR System Control and Status Registers
SEF Single Ethernet Frame
SFD Start of Frame Delimiter - The 8-bit value indicating the end of the preamble of an
Ethernet frame.
SIPO Serial In Parallel Out
SMI Serial Management Interface
SMNP Simple Network Management Protocol
SQE Signal Quality Error (also known as “heartbeat”)
SSD Start of Stream Delimiter
TMII Turbo Media Independent Interface
UDP User Datagram Protocol - A connectionless protocol run on top of IP networks
URX USB Bulk-Out Receiver
UsSB Universal Serial Bus
UTX USB Bulk-In Transmitter
uulD Universally Unique IDentifier
VSM Vendor Specific Messaging
WORD 16 bits
ZLP Zero Length USB Packet

DS00001993D-page 6 © 2015 - 2017 Microchip Technology Inc.
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1.2 Buffer Types

TABLE 1-2: BUFFER TYPES

Buffer Type Description
VIS Variable voltage Schmitt-triggered input
08 Output with 8 mA sink and 8 mA source
OoD8 Open-drain output with 8 mA sink
012 Output with 12 mA sink and 12 mA source
OD12 Open-drain output with 12 mA sink
HSIC High-Speed Inter-Chip (HSIC) USB Electrical Specification compliant input/output
PU 50 pA (typical) internal pull-up. Unless otherwise noted in the pin description, internal pull-

ups are always enabled.

Note: 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.

PD 50 pA (typical) internal pull-down. Unless otherwise noted in the pin description, internal
pull-downs are always enabled.

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

Al Analog Input
AlO Analog bidirectional
ICLK Crystal oscillator input pin
OCLK Crystal oscillator output pin
P Power pin

© 2015 - 2017 Microchip Technology Inc. DS00001993D-page 7



LAN7850

1.3 Register Nomenclature

TABLE 1-3: REGISTER NOMENCLATURE

Register Bit Type Notation Register Bit Description
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: Read only. Writes have no effect.
RS Read to Set: This bit is set on read.
RC Read to Clear: Contents is cleared after the read. Writes have no effect.
WO Write only: If a register or bit is write-only, reads will return unspecified data.
wC Write One to Clear: Writing a one clears the value. Writing a zero has no effect
WAC Write Anything to Clear: Writing anything clears the value.
LL Latch Low: Clear on read of register.
LH Latch High: Clear on read of register.
SC Self-Clearing: Contents are self-cleared after the being set. Writes of zero have no
effect. Contents can be read.
SS Self-Setting: Contents are self-setting after being cleared. Writes of one have no
effect. Contents can be read.

RO/LH Read Only, Latch High: This mode is used by the Ethernet PHY registers. Bits with
this attribute will stay high until the bit is read. After it is read, the bit will remain high,
but will change to low if the condition that caused the bit to go high is removed. If the
bit has not been read, the bit will remain high regardless of a change to the high condi-
tion.

NALR Not Affected by Lite Reset. The state of NASR bits do not change on assertion of a
lite reset.

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 zeros, unless otherwise indi-
cated, to ensure future compatibility. The value of reserved bits is not guaranteed on a
read.

DS00001993D-page 8 © 2015 - 2017 Microchip Technology Inc.



LAN7850

2.0 INTRODUCTION

2.1 General Description

The LAN7850 is a high performance Hi-SpeedUSB 2.0 to 10/100/1000 Ethernet controller with an integrated 10/100/
1000 Ethernet PHY and High-Speed Inter-Connect (HSIC) interface. With applications ranging from notebook/tablet
docking stations, set-top boxes, and PVRs, to USB port replicators, USB to Ethernet dongles, embedded systems, and
test instrumentation, the LAN7850 is a high performance and cost effective USB/HSIC to Ethernet connectivity solution.

The LAN7850 contains an integrated 10/100/1000 Ethernet MAC and PHY, Filtering Engine, USB PHY (with HSIC inter-
face), Hi-Speed USB 2.0 device controller, TAP controller, EEPROM controller, and a FIFO controller with internal
packet buffering.

The internal USB 2.0 device controller and USB PHY are compliant with the USB 2.0 Hi-Speed standard. The LAN7850
implements Control, Interrupt, Bulk-in, and Bulk-out USB Endpoints.

The Ethernet controller supports auto-negotiation, auto-polarity correction, HP Auto-MDIX, and is compliant with the
IEEE 802.3, IEEE 802.3u, IEEE 802.3ab, and 802.3az (Energy Efficient Ethernet) standards. ARP and NS offload are
also supported.

Multiple power management features are provided, including Energy Efficient Ethernet (IEEE 802.3az), support for Mic-
rosoft’s Always On Always Connected (AOAC), and “Magic Packet”, “Wake On LAN”, and “Link Status Change” wake
events. Wake events can be programmed to initiate a USB remote wakeup. Up to 32 different AOAC wake-up frame
patterns are supported along with Microsoft's WPD (Whole Packet Detection).

An internal EEPROM controller exists to load various USB and Ethernet configuration parameters. For EEPROM-less

applications, the LAN7850 provides 1K Bytes of OTP memory that can be used to preload this same configuration data
before enumeration. The integrated IEEE 1149.1 compliant TAP controller provides boundary scan via JTAG.

The LAN7850 is available in commercial and industrial temperature range versions. An internal block diagram of the
LAN7850 is shown in Figure 2-1.

FIGURE 2-1: INTERNAL BLOCK DIAGRAM

10/100/
1000
Ethernet
MAC

USB_2.0 FIFO
Device

HSIC Controller Controller
Interface

Ethe I‘net Ethernet
PHY

ITAG TAP SRAM ‘ OTP ‘ ‘ EEPROM | EEPROM
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LAN7850
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3.0 PINDESCRIPTIONS AND CONFIGURATION

3.1 Pin Assignments

FIGURE 3-1: PIN ASSIGNMENTS (TOP VIEW)
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Note: Exposed pad (WS3) on bottom of package must be connectedto ground with a via field,

Note:  When an “_N"is used at the end of the signal name, it indicates that the signal is active low. For example,
RESET_N indicates that the reset signal is active low.

The buffer type for each signal is indicated in the “Buffer Type” column of the pin description tables in Sec-
tion 3.2, "Pin Descriptions". A description of the buffer types is provided in Section 1.2, "Buffer Types".

DS00001993D-page 10 © 2015 - 2017 Microchip Technology Inc.



LAN7850

TABLE 3-1: PIN ASSIGNMENTS

Pin Number Pin Name Pin Number Pin Name
1 TROP 29 CONNECT/GPIO6
2 TRON 30 HSIC_SEL
3 VDD25A 31 LEDO/GPIO7
4 TR1P 32 PME_MODE/GPIO8
5 TRIN 33 VDD12A
6 VDD25A 34 VDD12HSIC
7 TR2P 35 STROBE
8 TR2N 36 USB_DP
9 VDD25A 37 USB_DM
10 TR3P 38 DATA
11 TR3N 39 PME_N
12 VDD25A 40 TEST
13 VDDVARIO 41 RESET_N/PME_CLEAR
14 TDI 42 VDDVARIO
15 TDO 43 USBRBIAS
16 TCKI/GPIOO0 44 VDD33A
17 TMS 45 VDDVARIO
18 VDD12_SW_OUT 46 XI
19 VDD_SW_IN 47 XO
20 VDD12_SW_FB 48 VDD12CORE
21 EECS/GPIO1 49 LED1/GPI10O9
22 EEDI/GPIO2 50 LED2/GPIO10
23 EEDO/GPIO3 51 LED3/GPIO11
24 EECLK/GPIO4 52 VDD12A
25 VDDVARIO 53 VDD25_REG_OUT
26 VDD12CORE 54 VDD33_REG_IN
27 VBUS_DET 55 REF_REXT
28 SUSPEND_N/GPI0O5 56 REF_FILT

Exposed Pad (VSS) must be connected to ground

© 2015 - 2017 Microchip Technology Inc.
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3.2 Pin Descriptions

TABLE 3-2: PIN DESCRIPTIONS
Buffer N
Name Symbol Type Description
Gigabit Ethernet Pins
Ethernet TX/RX TROP AIO Transmit/Receive Positive Channel 0.
Positive Channel 0
Ethernet TX/RX TRON AIO Transmit/Receive Negative Channel 0.
Negative Channel 0
Ethernet TX/RX TR1P AIO Transmit/Receive Positive Channel 1.
Positive Channel 1
Ethernet TX/RX TRIN AIO Transmit/Receive Negative Channel 1.
Negative Channel 1
Ethernet TX/RX TR2P AlIO Transmit/Receive Positive Channel 2.
Positive Channel 2
Ethernet TX/RX TR2N AlIO Transmit/Receive Negative Channel 2.
Negative Channel 2
Ethernet TX/RX TR3P AIO Transmit/Receive Positive Channel 3.
Positive Channel 3
Ethernet TX/RX TR3N AIO Transmit/Receive Negative Channel 3.
Negative Channel 3
External PHY REF_FILT Al External PHY Reference Filter. Connect to an external 1uF
Reference Filter capacitor to ground.
External PHY REF_REXT Al External PHY Reference Resistor. Connect to an external 2K
Reference Resistor 1.0% resistor to ground.
USB Pins
USB 2.0 USB_DP AlIO Hi-Speed USB data plus.
DPLUS
USB 2.0 USB_DM AlIO Hi-Speed USB Speed data minus.
DMINUS
External USB USBRBIAS Al Used for setting HS transmit current level and on-chip termi-
Bias Resistor nation impedance. Connect to an external 12K 1.0% resistor
to ground.
HSIC STROBE STROBE HSIC Bi-directional data strobe signal as defined in the High-
Speed Inter-Chip USB Electrical Specification.
HSIC DATA DATA HSIC Bi-directional Double Data Rate (DDR) data signal that is
synchronous to the STROBE signal as defined in the High-
Speed Inter-Chip USB Electrical Specification.
Miscellaneous Pins
Detect Upstream VBUS DET VIS Detects the state of the upstream bus power.
VBUS Power (PD)
For bus powered operation, this pin must be tied to VDD33A.
Refer to Section 4.0, "Power Connections" for additional
information.
USB Connect CONNECT 012 This pin asserts when the device is attempting to attach to

the USB host.

This pin is intended to help address a known bug on existing
HSIC host controllers where the HSIC connect signaling is
missed.

DS00001993D-page 12
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TABLE 3-2: PIN DESCRIPTIONS (CONTINUED)
Buffer N
Name Symbol Type Description
HSIC Select HSIC_SEL VIS When tied to VDD, the device HSIC interface is enabled.
Otherwise, the USB 2.0 interface is enabled.
Note:  This is a static signal that may not be changed at
run time.
PME PME_N 08/0OD8 | This pin is used to signal PME when the PME mode of oper-
ation is in effect.
PME Mode Select PME_MODE VIS This pin serves as the PME mode selection input when the
PME mode of operation is in effect.
PME Clear PME_CLEAR VIS This pin may serves as PME clear input when the PME
mode of operation is in effect.
USB Suspend SUSPEND_N 012 This pin is asserted when the device is in one of the suspend
states as defined in Section 13.3, "Suspend States".
This pin may be configured to place an external switcher into
a low power state such as when the device is in SUSPEND2.
General Purpose GPI10[0:11] VIS/O8/ | These general purpose I/O pins are each fully programmable
1/0 0-11 oD8 as either a push-pull output, an open-drain output, or a
(PU) Schmitt-triggered input. A programmable pull-up may option-
ally be enabled.
Indicator LEDs 0-3 LEDJ[0:3] OD12 These LEDs can be configured to indicate Ethernet link,
activity, duplex, and collision. Refer to Section 9.3, "LED
Interface," on page 94 for additional information.
System Reset RESET_N VIS System reset. This pin is active low.
If this signal is unused it must be pulled-up to VDD.
Test Pin TEST VIS Test pin. This pin is used for internal purposes only and must
be connected to ground for proper operation.
EPROM
EEPROM EECS 012 This pin drives the chip select output of the external
Chip Select EEPROM.
EEPROM Data In EEDI VIS This pin is driven by the EEDO output of the external
EEPROM.
EEPROM Data Out EEDO 012 This pin drives the EEDI input of the external EEPROM.
EEPROM Clock EECLK 012 This pin drives the EEPROM clock of the external EEPROM.
JTAG
JTAG TMS VIS JTAG test mode select.
Test Mode Select
JTAG TCK VIS JTAG test clock.
Test Clock
The maximum operating frequency of this clock is half of the
system clock.
JTAG TDI VIS JTAG data input.
Test Data Input
JTAG TDO 012 JTAG data output.

Test Data Output

© 2015 - 2017 Microchip Technology Inc.
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TABLE 3-2: PIN DESCRIPTIONS (CONTINUED)
Buffer N
Name Symbol Type Description
Clock Interface
Crystal Input XI ICLK External 25 MHz crystal input.

Note:  This pin can also be driven by a single-ended
clock oscillator. When this method is used, XO
should be left unconnected.

Crystal Output X0 OCLK | External 25 MHz crystal output.
I/O Power pins, Core Power Pins, and Ground Pad
Variable 1/0 Power VDDVARIO P +1.8V - +3.3V variable supply for 1/Os.
Supply Input
Refer to Section 4.0, "Power Connections," on page 16 for
connection information.
+3.3V Analog VDD33A P +3.3V analog power supply for USB 2.0 AFE.
Power Supply Input
Refer to Section 4.0, "Power Connections," on page 16 for
connection information.
+2.5V Analog VDD25A P +2.5V analog power supply input for Gigabit Ethernet PHY.
Power Supply Input
Refer to Section 4.0, "Power Connections," on page 16 for
connection information.
+1.2V Ethernet Port VDD12A P +1.2V analog power supply input for USB PLL/AFE.
Power Supply Input
Refer to Section 4.0, "Power Connections," on page 16 for
connection information.
+1.2V Digital Core VDD12CORE P +1.2V digital core power supply input.
Power Supply Input
Refer to Section 4.0, "Power Connections," on page 16 for
connection information.
+1.2V HSIC Power VDD12HSIC P +1.2V HSIC power supply input.
Supply Input
Refer to Section 4.0, "Power Connections," on page 16 for
connection information.
+3.3V LDO Input VDD33 _REG_IN P +3.3V power supply input to the integrated LDO.
Voltage
Refer to Section 4.0, "Power Connections," on page 16 for
connection information.
+2.5V LDO Output | VDD25_REG_OUT P +2.5V power supply output from the integrated LDO. This is
used to supply power to Gigabit Ethernet PHY AFE.
Refer to Section 4.0, "Power Connections," on page 16 for
connection information.
Switcher Input VDD_SW_IN P +3.3V input voltage for switching regulator.
Voltage
Refer to Section 4.0, "Power Connections," on page 16 for
connection information.
Switcher Feedback | VDD12_SW_FB P Feedback pin for the integrated switching regulator.

Refer to Section 4.0, "Power Connections," on page 16 for
connection information.

Note: To disable
VDD_SW_IN.

the switcher, tie this pin to

DS00001993D-page 14
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TABLE 3-2: PIN DESCRIPTIONS (CONTINUED)

Buffer -
Name Symbol Type Description
+1.2V Switcher VDD12_SW_OUT P +1.2V power supply output voltage for switching regulator.
Output Voltage
Refer to Section 4.0, "Power Connections," on page 16 for
connection information.
Ground VSS P Common Ground

© 2015 - 2017 Microchip Technology Inc.
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40 POWER CONNECTIONS

Figure 4-1 illustrates the device power connections in a typical application. Refer to the device reference schematic for
additional information. Refer to Section 3.0, "Pin Descriptions and Configuration," on page 10 for additional pin informa-
tion.

FIGURE 4-1: POWER CONNECTION DIAGRAM
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VDDVARIO VDD12 CORE T
VDDVARIO
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Block
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Regulator
VDD_SW_IN +33Y 12y VDDIZ_SW_OUT m
x (N} (oum T
fom dback/ vDD12 SW_FB I
H J1owr
- VDDI2A e

Gigabit Ethernet
PHY

VDD25SA
VDD25SA

VDD2SA
+25V LDO . }
Regulator VDDI5A
+33Y +25Y VDINS REG_OUT
) {

VDD33_REG_IN
12kOhm
—AA
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Note: Bypass and bulk caps as needed for PCB

Note:  For 3.3V I/O operation, the VDDVARIO and +3.3V supplies may be connected together.
To disable the internal switcher, tie the VDD12_SW_FB pin to 3.30V and ensure that all VDD12 rails are
connected to an external 1.20V supply.
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5.0 USB DEVICE CONTROLLER

51 Overview

The USB functionality consists of five major parts. The USB PHY, UDC (USB Device Controller), URX (USB Bulk Out
Receiver), UTX (USB Bulk In Transmitter), and CTL (USB Control Block).

The UDC is configured to support one configuration, one interface, one alternate setting, and four endpoints. Streams
are not supported in this device. The URX and UTX implement the Bulk-Out and Bulk-In endpoints respectively. The
CTL manages Control and Interrupt endpoints.

Each USB Controller endpoint is unidirectional with even numbered endpoints handling the OUT (from the host, actually
RX into the device) direction and odd numbered endpoints handling the IN (to the host, actually TX from the device)
direction.

The UDC endpoint numbers start at 0 and increment. Endpoint numbers are not skipped and have a fixed mapping to
the USB endpoint numbers. The corresponding USB endpoint is obtained by dividing the UDC endpoint number by 2
(rounding down). For example, single directional endpoint 0 indicates USB OUT endpoint 0, and single directional end-
point 1 corresponds to USB IN endpoint 0.

The mapping of the device’s USB endpoints to the UDC endpoints is shown in Table 5-1. As can be seen, one IN and
two OUT endpoints on the UDC are not utilized.

TABLE 5-1: DEVICE TO UDC ENDPOINT MAPPING

Endpoint Function USB EP number
Control OUT 0
Control IN 0
unused NA
Bulk IN 1
Bulk OUT 2
unused NA
unused NA
Interrupt IN 3

5.2 Control Endpoint

The Control endpoint is handled by the CTL (USB Control) module. The CTL module is responsible for handling stan-
dard USB requests, as well as USB vendor commands. The UDC does not handle USB commands. These commands
are passed to the CTL for completion.

5.2.1 USB STANDARD COMMAND PROCESSING

This section lists the supported USB standard device requests. The basic format of a device request is shown in section
9.3 of the USB 2.0 specification and the standard device requests are described in section 9.4. Valid values of the
parameters are given below.

Per the USB specifications, if an unsupported or invalid request is made to a USB device, the device responds by return-
ing STALL in the Data or Status stage of the request. Receipt of an unsupported or invalid request does NOT cause the
optional Halt feature on the control pipe to be set.

For each request supported, the USB specifications provide details on the device behavior during the various configu-
ration states and on the conditions which will return a Request Error. Some requests affect the state of the hardware.

In order to implement the Get Descriptor command, the CTL manages a 128x32 Descriptor RAM. The RAMs contents
are initialized via the EEPROM or OTP, after a system reset occurs. The Descriptor RAM may also be programmed by
the device driver to support EEPROM-Less mode.
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TABLE 5-2: STRING DESCRIPTOR INDEX MAPPINGS

INDEX STRING NAME
0 Language ID

1 Manufacturer 1D

2 Product ID

3 Serial Number

4 Configuration String

5 Interface String

When the UDC decodes a Get Descriptor command, it will pass a pointer to the CTL. The CTL uses this pointer to deter-
mine what the command is and how to fill it.

5211 Clear Feature

bmRequestType - 00h for the device, 01h for interfaces and 02h for endpoints.

wValue - Specifies the feature, 1=Device_Remote_Wakeup and 0=Endpoint_Halt.

windex - Always 0 when the device is selected, specifies the interface number (always 0) when an interface is selected
or the direction/endpoint number (0, 80h, 81h, 2 or 83h) when an endpoint is selected.

A ClearFeature(Endpoint_Halt) request will clear the USB 2.0 data toggle for the specified endpoint.
5.21.2 Get Configuration

All parameters are fixed per the USB specifications.

5.21.3 Get Descriptor

wValue - The high byte selects the descriptor type. The supported descriptors for this command are 1=Device, 2=Con-
figuration (including Interface, Endpoint descriptors and Endpoint Companion descriptors (USB 2.1 LPM)), 3=String,
6=Device Qualifier (HS/FS), 7=0ther Speed Configuration (USB2.0). The low byte selects the descriptor index and must
be 0.

Note: Direct access to the Interface, Endpoint and Endpoint Companion (USB 2.1 LPM) descriptors are not sup-
ported by this command and will cause a USB stall.

windex - Specifies the Language ID for string descriptors or is 0 for other descriptors.

wLength - Specifies the number of bytes to return. If the descriptor is longer than the wLength field, only the initial bytes
of the descriptor are returned. If the descriptor is shorter than the wLength field, the device indicates the end of the con-
trol transfer by sending a short packet when further data is requested. A short packet is defined as a packet shorter than
the maximum payload size or a zero length data packet.

5214 Get Interface

windex - Specifies the interface, always 0 for this device.

5.21.5 Get Status
bmRequestType - 00h for the device, 01h for interfaces and 02h for endpoints.

windex - Always 0 when the device is selected, specifies the interface number (always 0) when an interface is selected
or the direction/endpoint number (0, 80h, 81h, 2 or 83h) when an endpoint is selected.

Note:  Power Method (PWR_SEL) in Hardware Configuration Register (HW_CFG) is used as the source for the
Self-Power bit (DO).
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5.2.1.6 Set Address

wValue - Specifies the new device address.

Per the USB specification, the USB device does not change its device address until after the Status stage of this request
is completed successfully. This is a difference between this request and all other requests. For all other requests, the
operation indicated must be completed before the Status stage.

5.2.1.7 Set Configuration

wValue - The lower byte specifies the configuration value.

The device supports only one configuration. A value of 1 places the device into the Configured state while a value of 0
places the device into the Address state.

The Halt feature is reset for all endpoints upon the receipt of this request with a valid configuration value.
The USB 2.0 data toggle for all endpoints are initialized upon the receipt of this request with a valid configuration value.

5.2.1.8 Set Descriptor
This optional request is not supported and the device responds by returning STALL.

5.21.9 Set Feature
bmRequestType - 00h for the device, 01h for interfaces and 02h for endpoints.

wValue - Specifies the feature, 1=Device_Remote_Wakeup, 2=device Test_ Mode, 0=Endpoint_Halt.

| Note: Endpoint_Halt is not implemented for Endpoint 0. I

windex - Specifies the interface number (always 0) when an interface is selected or the direction/endpoint number (81h,
2 or 83h) when an endpoint is selected. When the device is selected, this field is always 0 unless device Test_Mode is
selected via wValue, in which case the upper byte is the Test Selector and the lower byte a 0.

5.21.10 Set Interface
wValue - Specifies the alternate setting (must be 0).
windex - Specifies the interface (always 0).

Only one interface with one setting is supported by the device. If the command is issued with an
interface other than 00h, the device responds with a Request Error. If the command is issued with an
interface setting of 00h but with an alternative setting other than 00h, the device responds with a
STALL.

The Halt feature is reset for all endpoints upon the receipt of this request with valid interface and
alternate setting values.

The USB 2.0 data toggle for all endpoints are initialized upon the receipt of this request with valid
interface and alternate setting values.

521.11 Set Isochronous Delay
This command is not supported. The device will respond with a Stall to this request.

5.2.1.12 Set SEL
This command is not supported. The device will respond with a Stall to this request.

5.21.13  Sync Frame
There are no isochronous endpoints in this device. The device will respond with a Stall to this request.

5.2.2 USB VENDOR COMMANDS

The device implements several vendor specific commands in order to directly access CSRs and efficiently gather sta-
tistics. The memory map utilized by the address field is defined in Table 15-1, “Memory Map,” on page 140.

© 2015 - 2017 Microchip Technology Inc. DS00001993D-page 19



LAN7850

5.2.21 Write Command
This command allows the Host to write a memory location. Burst writes are not supported. All writes are 32-bits.

TABLE 5-3: FORMAT OF WRITE SETUP STAGE

Offset Field Value
Oh bmRequestType 40h
1h bRequest AOh
2h wValue 00h
4h windex {Address[12:0]}
6h wlLength 04h

TABLE 5-4: FORMAT OF WRITE DATA STAGE

Offset Field

Oh Register Write Data [31:0]

5222 Read Command
This command allows the Host to read a memory location. Burst reads are not supported. All reads return 32-bits.

TABLE 5-5: FORMAT OF READ SETUP STAGE

Offset Field Value
Oh bmRequestType COh
1h bRequest A1lh
2h wValue 00h
4h windex {Address[12:0]}
6h wlLength 04h

TABLE 5-6: FORMAT OF READ DATA STAGE

Offset Field

Oh Register Read Data [31:0]

5223 Get Statistics Command

The Get Statistics Command returns the entire contents of the RX and TX statistics counters. The statistics counters
are snapshot when fulfilling the command request. The statistics counters rollover.
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Note:
suspended.

Good byte and received frame counters will count all frames that are delivered to the Host. If Store Bad
Frames is set in the FIFO Controller RX FIFO Control Register (FCT_RX_CTL) any bad frames received

TX statistics counters are not affected by frames sent in response to NS/ARP requests when the device is

will be counted as well.

The statistics counters are cleared by all reset events including LRST.

TABLE 5-7: FORMAT OF GET STATISTICS SETUP STAGE
Offset Field Value
Oh bmRequestType COh
1h bRequest A2h
2h wValue 00h
4h windex 00h
6h wLength BCh
TABLE 5-8: FORMAT OF GET STATISTICS DATA STAGE

Offset Field
00h RX FCS Errors
04h RX Alignment Errors
08h Rx Fragment Errors
0Ch RX Jabber Errors
10h RX Undersize Frame Errors
14h RX Oversize Frame Errors
18h RX Dropped Frames
1Ch RX Unicast Byte Count
20h RX Broadcast Byte Count
24h RX Multicast Byte Count
28h RX Unicast Frames
2Ch RX Broadcast Frames
30h RX Multicast Frames
34h RX Pause Frames
38h RX 64 Byte Frames
3Ch RX 65 - 127 Byte Frames
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TABLE 5-8: FORMAT OF GET STATISTICS DATA STAGE (CONTINUED)

Offset Field
40h RX 128 - 255 Byte Frames
44h RX 256 - 511 Bytes Frames
48h RX 512 - 1023 Byte Frames

4Ch RX 1024 - 1518 Byte Frames

50h RX Greater 1518 Byte Frames
54h EEE RX LPI Transitions
58h EEE RX LPI Time

5Ch TX FCS Errors

60h TX Excess Deferral Errors

64h TX Carrier Errors

68h TX Bad Byte Count

6Ch TX Single Collisions

70h TX Multiple Collisions

74h TX Excessive Collision

78h TX Late Collisions

7Ch TX Unicast Byte Count

80h TX Broadcast Byte Count

84h TX Multicast Byte Count

88h TX Unicast Frames

8Ch TX Broadcast Frames

90h TX Multicast Frames

94h TX Pause Frames

98h TX 64 Byte Frames

9Ch TX 65 - 127 Byte Frames

AOh TX 128 - 255 Byte Frames

Adh TX 256 - 511 Bytes Frames

A8h TX 512 - 1023 Byte Frames

ACh TX 1024 - 1518 Byte Frames

BOh TX Greater 1518 Byte Frames

B4h EEE TX LPI Transitions

B8h EEE TXLPI Time
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TABLE 5-9: STATISTICS COUNTER DEFINITIONS

I Size
Name Description (Bits)
RX FCS Errors Number of frames received with CRC-32 errors or RX errors. 20
Note:  If a frame has a Jabber Error and FCS error, only the RX
Jabber Errors counter will be incremented
Note:  If a frame is less than 64 bytes in length and has an FCS
error, only the RX Fragment Errors counter will be
incremented.
RX Alignment Errors Number of RX frames received with alignment errors. 20
RX Fragment Errors Number of frames received that are < 64 bytes in size and have an 20
FCS error or RX error.
Note: If a frame is less than 64 bytes in length and has an FCS
error, only the RX Fragment Errors counter will be
incremented.
RX Jabber Errors Number of frames received with a length greater than Maximum 20
Frame Size (MAX_SIZE) and have FCS errors or RX errors.
Note:  The existence of extra bits does not trigger a jabber error.
A jabber error requires at least one full byte beyond the
value specified by the Maximum Frame Size (MAX_SIZE)
to be received.
Note: If a frame has a Jabber Error and FCS error, only the RX
Jabber Errors counter will be incremented.
RX Undersize Frame Errors Number of frames received with a length less than 64 bytes. No other 20
errors have been detected in the frame.
RX Oversize Frame Errors Number of frames received with a length greater than the 20
programmed maximum Ethernet frame size (Maximum Frame Size
(MAX_SIZE) field of the MAC Receive Register (MAC_RX)). No
other errors have been detected in the frame.
Note:  The VLAN Frame Size Enforcement (FSE) bit allows for the
maximum legal size to be increased by 4-bytes to account
for a single VLAN tag or 8-bytes to account for stacked
VLAN tags.
Note:  The MAC determines a VLAN tag is present if the type field
is equal to 8100h or the value programmed in the VLAN
Type Register (VLAN_TYPE).
Note:  The existence of extra bits does not trigger an oversize
error. An oversize error requires at least one full byte
beyond the value specified by the Maximum Frame Size
(MAX_SIZE) to be received.
RX Dropped Frames Number of RX frames dropped by the FCT due to insufficient room 20
in the RX FIFO.
Note: If a frame to be dropped has an Ethernet error, it will be
counted in the relevant bad frame counter. The RX Dropped
Frames counter will be incremented for the errored frame
only if Store Bad Frames is set in the FIFO Controller RX
FIFO Control Register (FCT_RX_CTL).
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TABLE 5-9: STATISTICS COUNTER DEFINITIONS (CONTINUED)

Size

Name Description (Bits)

RX Unicast Byte Count Total number of bytes received from unicast frames without errors. 32

This counter does not count frames that fail address filtering. Pause

frames filtered by Forward Pause Frames (FPF) are not counted.

Frames that are discarded from FIFO overflow are not counted.

Note:  The per frame byte count does not include the VLAN TAG
and VID if the Enable VLAN Tag Stripping bit is set in the
Receive Filtering Engine Control Register (RFE_CTL). It
does not include the FCS if the FCS Stripping bit is set in
the MAC Receive Register (MAC_RX).

RX Broadcast Byte Count Total number of bytes received from broadcast frames without errors. 32

This counter does not count broadcast frames received when the

Accept Broadcast Frames (AB) bit is deasserted. Frames that are

discarded from FIFO overflow are not counted.

Note:  The per frame byte count does not include the VLAN TAG
and VID if the Enable VLAN Tag Stripping bit is set in the
Receive Filtering Engine Control Register (RFE_CTL). It
does not include the FCS if the FCS Stripping bit is set in
the MAC Receive Register (MAC_RX).

RX Multicast Byte Count Total number of bytes received from multicast frames without errors. 32

This counter does not count frames that fail address filtering. Pause
frames filtered by Forward Pause Frames (FPF) are not counted.
Frames that are discarded from FIFO overflow are not counted.

Note:  The per frame byte count does not include the VLAN TAG
and VID if the Enable VLAN Tag Stripping bit is set in the
Receive Filtering Engine Control Register (RFE_CTL). It
does not include the FCS if the FCS Stripping bit is set in
the MAC Receive Register (MAC_RX).

RX Unicast Frames Number of unicast frames received without errors. 20

This counter does not count frames that fail address filtering. Pause
frames filtered by Forward Pause Frames (FPF) are not counted.
Frames that are discarded from FIFO overflow are not counted.

RX Broadcast Frames Number of broadcast frames received without errors. 20

This counter does not count broadcast frames received when the
Accept Broadcast Frames (AB) bit is deasserted. Frames that are
discarded from FIFO overflow are not counted.

RX Multicast Frames Number of multicast frames received without errors. 20

This counter does not count frames that fail address filtering. Pause
frames filtered by Forward Pause Frames (FPF) are not counted.
Frames that are discarded from FIFO overflow are not counted.

RX Pause Frames Number of pause frames received without errors. 20

Note:  This counter records pause frames that failed address
filtering.
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TABLE 5-9:

STATISTICS COUNTER DEFINITIONS (CONTINUED)

Name

Description

Size
(Bits)

RX 64 Byte Frames

Number of frames received with a length of 64 bytes without errors.

This counter does not count frames that fail address filtering. Pause
frames filtered by Forward Pause Frames (FPF) are not counted.
Frames that are discarded from FIFO overflow are not counted.

20

RX 65 - 127 Byte Frames

Number of frames received with a length between 65 bytes and 127
bytes without errors.

This counter does not count frames that fail address filtering. Frames
that are discarded from FIFO overflow are not counted.

20

RX 128 - 255 Byte Frames

Number of frames received with a length between 128 bytes and 255
bytes without errors.

This counter does not count frames that fail address filtering. Frames
that are discarded from FIFO overflow are not counted.

20

RX 256 - 511 Bytes Frames

Number of frames received with a length between 256 bytes and 511
bytes without errors.

This counter does not count frames that fail address filtering. Frames
that are discarded from FIFO overflow are not counted.

20

RX 512 - 1023 Byte Frames

Number of frames received with a length between 512 bytes and
1023 bytes without errors.

This counter does not count frames that fail address filtering. Frames
that are discarded from FIFO overflow are not counted.

20

RX 1024 - 1518 Byte Frames

Number of frames received with a length between 1024 bytes and
1518 bytes without errors.

This counter does not count frames that fail address filtering. Frames
that are discarded from FIFO overflow are not counted.

20

RX Greater 1518 Byte Frames

Number of frames received with a length greater than 1518 bytes
without errors.

This counter does not count frames that fail address filtering. Frames
that are discarded from FIFO overflow are not counted.

20

EEE RX LPI Transitions

Number of times that the LPI indication from the PHY changes from
de-asserted to asserted.

This counter is reset if Energy Efficient Ethernet Enable (EEEEN) in
MAC Control Register (MAC_CR) is low.

This counters is required to operate during SUSPENDO, SUSPEND3
and Normal Configured Power states.

32

EEE RX LPI Time

The amount of time, in micro-seconds, that the PHY indicates LPI.

This counter is reset if Energy Efficient Ethernet Enable (EEEEN) in
MAC Control Register (MAC_CR) is low.

This counters is required to operate during SUSPENDO, SUSPEND3
and Normal Configured Power states.

32

TX FCS Errors

Number of frames transmitted with an FCS error. The MAC can be
forced to transmit frames with FCS errors by setting the Bad FCS
(BFCS) bit.

20
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TABLE 5-9: STATISTICS COUNTER DEFINITIONS (CONTINUED)
N Size
Name Description (Bits)
TX Excess Deferral Errors Number of frames that were excessively deferred. The frame has 20
been deferred for more than two max-sized frame times + 16 bytes.
The maximum frame length is defined by Maximum Frame Size
(MAX_SIZE) in MAC Receive Register (MAC_RX)
Note:  Defer time is not cumulative. If the transmitter defers for
10,000 bit times, then transmits, collides, backs off, and
then has to defer again after completion of back-off, the
deferral timer resets to 0 and restarts.
Note:  The 16 bytes of margin is to account for the possibility of
double VLAN tags.
TX Carrier Errors Number of frames that had a carrier sense error occur during 20
transmission. This error is caused by no carrier or loss of carrier.
TX Bad Byte Count Total number of bytes sent from errored transmissions. 32
TX Single Collisions Number of frames successfully transmitted after a single collision 20
occurs.
TX Multiple Collisions Number of frames successfully transmitted after multiple collisions 20
occur.
TX Excessive Collision Number of transmitted frames aborted due to excessive collisions. 20
Note: 16 collisions results in an excessive collisions.
TX Late Collisions Number of transmitted frames aborted because of a late collision. 20
TX Unicast Byte Count Total number of bytes transmitted by unicast frames without errors. 32
This counter does not count flow control frames. Bytes transmitted
as part of a partial packet transmission (half-duplex collision) are not
counted.
TX Broadcast Byte Count Total number of bytes transmitted by broadcast frames without 32
errors.
This counter does not count flow control frames. Bytes transmitted
as part of a partial packet transmission (half-duplex collision) are not
counted.
TX Multicast Byte Count Total number of bytes transmitted by multicast frames without errors. 32
This counter does not count flow control frames. Bytes transmitted
as part of a partial packet transmission (half-duplex collision) are not
counted.
TX Unicast Frames Number of unicast TX frames transmitted without errors. 20
This counter does not count flow control frames.
TX Broadcast Frames Number of broadcast TX frames transmitted without errors. 20
This counter does not count flow control frames.
TX Multicast Frames Number of multicast TX frames transmitted without errors. 20
This counter does not count flow control frames.
TX Pause Frames Number of successfully transmitted pause frames. 20
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TABLE 5-9: STATISTICS COUNTER DEFINITIONS (CONTINUED)

N Size
Name Description (Bits)
TX 64 Byte Frames Number of frames transmitted with a length of 64 bytes without error. 20
This counter does not count flow control frames. Frames transmitted
as part of a partial packet transmission (half-duplex collision) are not
counted.
TX 65 - 127 Byte Frames Number of frames transmitted with a length between 65 bytes and 20
127 bytes without error.
Frames transmitted as part of a partial packet transmission (half-
duplex collision) are not counted.
TX 128 - 255 Byte Frames Number of frames transmitted with a length between 128 bytes and 20

255 bytes without error.

Frames transmitted as part of a partial packet transmission (half-
duplex collision) are not counted.

TX 256 - 511 Bytes Frames Number of frames transmitted with a length between 256 bytes and 20
511 bytes without error.

Frames transmitted as part of a partial packet transmission (half-
duplex collision) are not counted.

TX 512 - 1023 Byte Frames Number of frames transmitted with a length between 512 bytes and 20
1023 bytes without error.

Frames transmitted as part of a partial packet transmission (half-
duplex collision) are not counted.

TX 1024 - 1518 Byte Frames Number of frames transmitted with a length between 1024 bytes and 20
1518 bytes without error.

Frames transmitted as part of a partial packet transmission (half-
duplex collision) are not counted.

TX Greater 1518 Byte Frames | Number of frames transmitted with a length greater than 1518 bytes 20
without error.

Frames transmitted as part of a partial packet transmission (half-
duplex collision) are not counted.

EEE TX LPI Transitions Number of times that the LPI request to the PHY changes from de- 32
asserted to asserted.

This counter is reset if Energy Efficient Ethernet Enable (EEEEN) in
MAC Control Register (MAC_CR) is low.

This counter is required to operate during SUSPENDO, SUSPEND3
and Normal Configured Power states.

EEE TX LPI Time The amount of time, in microseconds, that the PHY is requested to 32
send LPI.

This counter is reset if Energy Efficient Ethernet Enable (EEEEN) in
MAC Control Register (MAC_CR) is low.

This counters is required to operate during SUSPENDO, SUSPEND3
and Normal Configured Power states.
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5.2.3 DESCRIPTOR RAM

The Control Endpoint manipulates an internal Descriptor RAM which stores various configuration for the device includ-
ing USB descriptors. The descriptor RAM is typically loaded from either an external EEPROM or the integrated OTP.
However a mechanism exists, EEPROM-less mode, which allows the host software to directly configure the Descriptor
RAM. It is described in Section 10.6, "Customized Operation Without EEPROM". The Descriptor RAM format is dis-
cussed in Section 10.6.3, "Descriptor RAM Initialization"

The Control EP first evaluates whether an external EEPROM is present by the successful recognition of the EEPROM
signature. If an EEPROM exists, it shall be used to load the contents into the Descriptor RAM.

If an EEPROM does not exist, the Control EP considers whether the OTP is configured. If the OTP is configured it shall
be used to load the Descriptor RAM.

In the event that the EEPROM does not exist and the OTP is not configured, the Control EP shall utilize the CSR and
EEPROM defaults, as defined in Section 10.5, "EEPROM Defaults", for configuring the device.

EEPROM-Less operation may be invoked by host software. This mode shall take priority over an external EEPROM or
configured OTP. This mode is described in Section 10.6, "Customized Operation Without EEPROM".

5.3 Bulk In Endpoint

The Bulk In Endpoint is controlled by the UTX (USB Bulk In Transmitter). The UTX is responsible for encapsulating
Ethernet data into USB Bulk In packets. Ethernet frames are retrieved from the FCT’s RX FIFO and passed to the UDC.
The UTX manages an 8 KB UTX FIFO Buffer. USB packets from FCT are temporarily stored there to facilitate efficient
bursting. In support for bursting, a USB Command FIFO is managed by the UTX to track packet lengths.

5.3.1 USB TX DATAFIFO

The UTX Data FIFO RAM is a 2K x 32 (8 KB) dual port type. All USB packets are DWORD aligned in the USB TX Data
FIFO. All Ethernet frames are DWORD aligned in USB packets. Within a USB transfer (assuming MEF mode is
enabled), consecutive Ethernet frames are not concatenated into the same DWORD. The unused bytes (up to 3) in the
DWORD at the end of an Ethernet frame (assuming it is not the last frame) are included in the USB packet and its length
and are discarded by the host driver software. At the end of a USB transfer, the unused bytes (up to 3) are not included
in the USB packet or it’s length. The USB Device Controller will discard any unused bytes within a DWORD.

5.3.2 USB TX COMMAND FIFO

As Ethernet frames are transferred into the USB TX Data FIFO, the resulting USB packet lengths (including any zero
length packets) are written into the USB TX Command FIFO. The USB Device Controller requires the packet lengths
and number of packets available at the start of a USB transmission.

The size of the USB command FIFO allows up to 32 packets to be queued. This number is based on the 8K byte size
of the USB TX Data FIFO divided by an average USB packet size of 256 bytes (e.g. 16 @ 512 byte packets and 16 zero
length packets, etc.). Since it is possible for the USB TX Command FIFO to fill before the USB TX Data FIFO, the USB
TX Command FIFO provides a full signal.

The head entry (USB packet length) and depth (number of entries) of the USB TX Command FIFO are passed as the
USB packet length and number of available packets, respectively, to the USB Device Controller.

5.3.3 MEF/SEF OPERATION

The UTX supports the following two modes of operation: MEF and SEF, selected via the Multiple Ethernet Frames per
USB Packet (MEF) bit of the Hardware Configuration Register (HW_CFG).

* MEF: Multiple Ethernet frames per Bulk In packet. This mode will maximize USB bus utilization by allowing multi-
ple Ethernet frames to be packed into a USB packet. Frames greater than maximum USB packet size are split
across multiple Bulk In packets.

» SEF: Single Ethernet frame per Bulk In packet. This mode will not maximize USB bus utilization, but simplifies the
host software implementation and can potentially ease the burden on a low end Host processor. Frames greater
than maximum USB packet size are split across multiple Bulk In packets.
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Each Ethernet frame is pre-pended with three RX Command Words, RX Command A, RX Command B and RX Com-
mand C by the FCT. RX Command A contains the frame length that is used by the UTX to perform the encapsulation
functions. The contents of the command words are generated by the MAC, RFE, and FCT.

FIGURE 5-1: MEF USB ENCAPSULATION
RX RX Ethernet RX RX Ethernet RX RX Ethernet RX RX EHENEE e
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An Ethernet frame (starting with RX Command A) always begins on a DWORD boundary in the FCT. In MEF mode,
UTX will not concatenate the end of the current frame and the beginning of the next frame into the same DWORD.
Therefore, the last DWORD of an Ethernet frame may have unused bytes added to ensure DWORD alignment of the
RX Command A of the next frame. The addition of pad bytes at the end of the frame depends on whether another frame
is available for transmission after the current one. If the current frame is the last frame to be transmitted, no pad bytes
will be added, as the USB protocol allows for termination of the packet on a byte boundary. If, however, another frame
is available for transmission, the current frame will be padded out so that it ends on the DWORD boundary. This ensures
the next frame to be transmitted, starting with RX Command A, will start on a DWORD boundary.

Any unused bytes that were added to the last DWORD of a frame are not counted in the length field of RX Command A.

As noted in Section 5.3.1, UTX is responsible for storing USB packets into UTX Data FIFO. When calculating USB
packet lengths DWORD padding between Ethernet frames is included.

In accordance with the USB protocol, UTX terminates a burst with either a ZLP or a Bulk In packet with a size of less
than the Bulk In maximum packet size (512 for HS, 64 for FS). The ZLP is needed when the total amount of data trans-
mitted is a multiple of a Bulk In maximum packet size. UTX monitors the UTX Data FIFO size to determine when a burst
has ended.

The UTX monitors the RX FIFO size signal from the FCT and moves data into the UTX Data FIFO as complete Ethernet
frames are received by the FCT and space is available. When the frame is moved its length is incorporated to packet
length of the USB packet being formed. After a complete USB packet is created an entry is written into the UTX Com-
mand FIFO. If the Ethernet frame can not fit into the USB packet the remainder is moved into subsequent USB
packet(s).

Note: In SEF mode, a ZLP is transmitted if the Ethernet frame is the same size as a maximum size Bulk In packet,
or a multiple of the maximum Bulk In packet size.

The Host ignores unused bytes that exist in the last DWORD of an Ethernet frame.

When using SEF mode, there will never be any unused bytes added for end alignment padding. The USB
transfer always ends on the last byte of the Ethernet frame.

If UTX receives a Bulk In token when the RX FIFO is empty, it will transmit a ZLP if Bulk-In Empty Response
(BIR) is set otherwise it will NAK (FS/HS) or NRDY (SS) when cleared.

The UTX provides a mechanism for limiting the size of the USB burst per the burst cap function as described in Section
, "Burst Cap Usage". This caps the amount of data that can be moved in a USB transfer before termination by a ZLP.
The burst cap function applies for all operating speeds.
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In order to more efficiently utilize USB bandwidth in MEF mode, the UTX has a mechanism for delaying the transmission
of a short packet, or ZLP. This mode entails having the UTX wait a time defined by the Bulk-In Delay Register
(BULK_IN_DLY) before terminating the burst. A value of zero in this register disables this feature. By default, a delay of
34 us is used.

After UTX transmits the last USB bMaxPacketSize packet in a burst, UTX enables an internal timer. When this timer is
equal to Bulk In Delay, any Bulk In data in the UTX Data FIFO is transmitted upon next opportunity to the host.

In HS/FS mode, if enough data arrives before the timer elapses to build at least one maximum sized packet, then the
UTX will transmit this packet when it receives the next Bulk In Token. After packet transmission, the UTX will reset its
internal timer and delay the short packet, or ZLP, transmission until the Bulk In Delay time elapses or new data is
received per above.

In the case where the UTX Data FIFO is empty and a single Ethernet packet less than USB bMaxPacketSize is then
received, the UTX enables its internal timer. If enough data arrives before the timer elapses to build at least one maxi-
mum sized packet, the UTX will transmit this packet and reset the timer. Otherwise, FIFO data is sent after the timer
expires.

In HS/FS mode, the UTX will NAK any Bulk In tokens while waiting for new data and Bulk In Delay to elapse.

Bulk In Delay is only intended for MEF operation and not appropriate for SEF mode.

5.3.4 USB ACKS AND RETRIES

In the case of an error condition, the UTX will issue a rewind to the FCT. This occurs when the UTX completes trans-
mitting a Bulk In packet and does not receive an ACK from the Host. In this case, the next frame received by the UTX
will be another In token and the Bulk In packet is retransmitted. When the ACK is finally received, the UTX notifies the
FCT. The FCT will then advance the read head pointer to the next packet.

Both the USB TX Data and Command FIFOs handle USB retries. When a USB packet is acknowledged, its command
information is popped from the USB TX Command FIFO and its storage can be release from the USB TX Data FIFO
(note that zero length packets would not release any USB TX Data FIFO space).

Burst Cap Usage

The UTX, via the Burst Cap Register (BURST_CAP), is capable of prematurely terminating a burst. The Burst Cap Reg-
ister (BURST_CAP) uses units of USB packet size (64/512/1024 bytes). To enable use of the Burst Cap register, the
Burst Cap Enable (BCE) bit in the USB Configuration Register 0 (USB_CFGO0) must be set.

For proper operation, the BURST_CAP field should be set by software so that the following relationships hold true:
For HS Operation, BURST_CAP * 512 >= Maximum Frame Size (MAX_SIZE)
For FS Operation, BURST_CAP * 64 >= Maximum Frame Size (MAX_SIZE)

Failure to set BURST_CAP values that obey the previous rules may result in untoward operation and may yield unpre-
dictable results.

Note:  The first Ethernet frame of the burst is always sent without checking if it exceeds BURST_CAP. I

Whenever Burst Cap enforcement is disabled and the RX FIFO, and UTX FIFO, are empty, the UTX will respond with
a ZLP if Bulk-In Empty Response (BIR) = “0”. However, it will respond with NAK (FS/HS) when Bulk-In Empty Response
(BIR) = “1”.

Whenever Burst Cap enforcement is enabled, the following holds:

» For HS Operation:
BURST)ax = BURST_CAP * 512

» For FS operation:
BURST)ax = BURST_CAP * 64

Let BURST,, = Length of current burst = Summation of the lengths of frames in the current burst.
Let LENGTHpeyt = Length of the next frame available in the RX FIFO.

If the RX FIFO runs out of data, or a frame is available and BURST ¢ + LENGTHyext > BURST)ay, then the burst is
terminated with either a short USB packet or with a ZLP.

Otherwise, the next frame is able to fit in the current burst without exceeding BURST_CAP. The burst is continued and
BURST,, is incremented by LENGTHyeyt-
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Note: If Store Bad Frames is set in the FIFO Controller RX FIFO Control Register (FCT_RX_CTL), then the size
of the transmitted burst may exceed the value specified by BURST_CAP. This can happen if an oversized
frame is received that is larger than BURST_CAP.

Ethernet frames are not fragmented across bursts when using Burst Cap Enforcement.

5.4 Bulk Out Endpoint

The Bulk Out Endpoint is controlled by the URX (USB Bulk Out Receiver). URX is responsible for receiving Ethernet
data encapsulated over USB Bulk Out packet(s). Unlike the UTX, the URX does not explicitly track Ethernet frames. It
views all received packets purely as USB data. The extraction of Ethernet frames is handled by the FCT. The URX
always simultaneously supports MEF and SEF modes.

5.4.1 USB RX DATA FIFO

The URX manages an 8 KB Data FIFO. All USB packets start on DWORD boundaries. The format of the data within
USB packets and across USB transactions ensures that Ethernet frames (including command headers) are DWORD
aligned. Padding between Ethernet frames is added by the host driver and stripped by the TX FIFO.

5.4.2 RETRIES AND ERRORS

Packets from the USB Device Controller have the possibility of an error and subsequent retry. Based on the status of
the packet, the packet may be either rejected or accepted. If the packet is rejected, the write pointers and free space is
recovered from the data FIFO. If the packet is accepted, it can be made available to the FCT. Packet rejection or accep-
tance will occur before the start of the next packet, such that multiple outstanding packets need not be tracked.

The FCT notifies the URX when it detects loss of sync. When this occurs, the URX stalls the Bulk Out pipe via the UDC.
This is an appropriate response, as loss of sync is a catastrophic error (which can only be caused by a host software
error. See Section 6.2.4, "TX Error Detection"). This behavior is configurable via the Stall Bulk-Out Pipe Disable (SBP)
bit in the USB Configuration Register 0 (USB_CFGO0).

5.5 Interrupt Endpoint

The Interrupt endpoint is responsible for indicating the device’s status at each polling interval. The Interrupt endpoint is
implemented via the CTL module. When the endpoint is accessed the following fields are presented to the host.
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5.5.1 INTERRUPT PACKET FORMAT

TABLE 5-10: INTERRUPT PACKET FORMAT

Bits Description

31:29 | Reserved

28 | OTP_WR_DONE_INT

27 Reserved

26 | EEE_START_TX_LPI_INT

25 | EEE_STOP_TX_LPI_INT

24 | EEE_RX_LPL_INT

23 MACRTO_INT

22 RDFO_INT

21 TXE_INT

20 USB_STS_INT

19 | TX_DIS_INT

18 | RX_DIS_INT

17 PHY_INT

16 DP_INT

15 | MAC_ERR_INT

14 | TDFU
13 | TDFO
12 | UTX_FP

11:0 | GPIOX_INT

If there is no interrupt status to report the device responds with a NAK unless Interrupt Endpoint Always On (INTEP_ON)
in Interrupt Endpoint Control Register (INT_EP_CTL) is set in which case an interrupt packet of 0x0 is returned.

Note:  The polling interval is static and set through OTP or EEPROM. The polling interval can be changed by the
host updating the contents of the EEPROM and resetting the part.

For an interrupt event to be reported via the Interrupt endpoint, the respective bit must be enabled in Interrupt Endpoint
Control Register (INT_EP_CTL). The interrupt status can be cleared by writing to the Interrupt Status Register
(INT_STS).

5.5.2 USB STATUS

USB_STS_INT bit is used to facilitate communication with the host software regarding OS programming of the device.
The following are tracked by this mechanism.

» SET Select (SET_SEL) command issued

» Function Remote Wakeup Status

» Device Remote Wakeup Status
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The USB Status Register (USB_STATUS) includes both status change bits as well as the current value of the respective
when appropriate.

APPLICATION NOTE: The majority of the above status information can also be obtained using the GET_STATUS
USB request.

5.6 LPM Support

The USB device controller supports Link Power Management (LPM). It is fully capable of responding to LPM devices
and placing the device into the L1 and L2 states or conversely moving the device to LO via remote wakeup or Resume
signaling.

Further details on LPM implementation can be found in Section 13.0, "Clocks and Power management (CPM)," on
page 126.

LPM is enabled by setting the LPM Capability (LPM_CAP) bit in USB Configuration Register 0 (USB_CFGO).

5.6.1 LPM L1

In L1 minimal components are powered down in order to ensure the device can quickly transition to LO and not violate
the pertinent USB specification parameters.

The device shall automatically transition the link from L1 to LO after it receives a frame which passes any programmed
filters in the RFE and MAC. Additionally, a scheduled interrupt EP packet shall 