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1 I ntroducti on

1.1 Overview

This document guides users through the development of a customized carrier board for the Verdin
System-on-Module (SoM) family. It describes the different interfaces of those modules and provides
reference schematics as well. The document highlights standardized features of Verdin SoMs
(compatible between different modules). "Module -specific" interfaces, features, and alternate
functions are not detailed in this document. These interfaces are detailed in the respective

datasheets of Verdin SoMs. Some Verdin modules do not feature the complete set of the "Reserved"
interfaces. It is strongly recommende d always to read the datasheet of the module that is intended

to be used with an off -the-shelf or a custom carrier board.

Verdin modules feature new high -speed interfaces such as PCI Express, HDMI, MIPI CS| and DS,
requiring special layout consideration s regarding trace impedance and length matching. Please

read the Toradex Layout Design Guide carefully for additional information on the routing of these
interfaces.

12 Additi onal Document s
121 Layout Design Guide

This document contains layout requirement specif ications for high -speed signals and helps to avoid
issues related to layout.

https://developer.toradex.com/carrier _-board -design

122 Verdin Modul e Datasheet s

For every Verdin Module, there is a datasheet available. Among other things, this document
describes the "Module -specific" interfaces and secondary functionalities of pins. Before starting the
development of a customized carrier board, please check these d ocuments to verify if the required
interfaces are available on the selected modules.

https://www.toradex.com/computer -on-modules/verdin -arm-family

123 Verdin Modul e Definition

This document describes the Verdin Module standard. It provides information on the mechanical
and electrical properties of Verdin mo dules, in addition to functionalities and interfaces provided
by those modules.

The document is available soon.

124 Toradex Developer Center

You can find a lot of additional information in the Toradex Developer Center, which is updated
with the latest product support information  regularly .

Please note that the Developer Center is common for all Toradex products. You should always
check to ensure if the information is valid or relevant to the Verdin modules.

https://developer.toradex.com/
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125 Verdin Reference Designs

Schematic files, assembly drawings, bills of mate rial, and the complete Altium project files for the
Verdin reference carrier boards are available for download for free. There is also an online viewer
available , convenient for customers without a license for Altium.

https://developer.toradex.com/carrier _-board -design/reference -designs

126 Pinout Designer

The Toradex Pinout Designer is a powerful tool for evaluating different pin multiplexing opti  ons for
Verdin, Apalis, and Colibri Modules. Defining the pin multiplexing configuration to use or design

for is a vital step in the process of designing a custom carrier board.

The tool allows comparing interfaces across different modules as well.

http://developer.toradex.com/knowledge  -base/pinout -designer

1.3 Abbreviations

Abbreviation Explanation

ADC Analog to Digital Converter

AGND Analog Ground, separate ground for analog signals
Automatically Medium Dependent Interface Crossing, a PHY with Auto-MDIX can detect whether RX and

(LA TX need to be crossed (MDI or MDIX)

BSP Board Support Package

CAD Computer-Aided Design, in this document is referred to PCB Layout tools

CAN Controller Area Network, a bus that is mainly used in the automotive and industrial environment

CAN ED Controller Area Network FIexibIe_Data-Rate, an extension to the original CAN bus protocol, allows higher
data rates and larger message sizes.

CEC Consumer Electronic Control, HDMI feature that allows controlling CEC compatible devices

CPU Central Processor Unit

Csl Camera Serial Interface

DAC Digital to Analog Converter

DDC Display Data C_hannel, interface for reading out the capability of a monitor, in this document DDC2B
(based on I°C) is always meant

DFP Downstream Facing Port, USB Type-C port that acts as a host

DRC Design Rule Check, a tool for checking whether all design rules are satisfied in a CAD tool

DRD Dual-Role Data, USB Type-C port that can act as host or device

DRP Dual-Role Port, USB Type-C port that can operate as power sink and source

DSl Display Serial Interface

DVI Digital Visual Interface, digital signals are electrically compatible with HDMI

DVI-A Digital Visual Interface Analog only, signals are compatible with VGA

DVI-D Digital Visual Interface Digital only, signals are electrically compatible with HDMI

DVI-I Digital Visual Interface Integrated, combines digital and analog video signals in one connector

EDA Electronic Design Automation, software for schematic capture and PCB layout (CAD or ECAD)

EDID Extended Display Identification Data, timing setting information provided by the display in a PROM

EMI Electromagnetic Interference, high-frequency disturbances

eMMC Embedded Multi Media Card, flash memory combined with MMC interface controller in a BGA package,

used as internal flash memory
ESD Electrostatic Discharge, high voltage spike or spark that can damage electrostatic- sensitive devices
Flat Panel Display Link, high-speed serial interface for liquid crystal displays. In this document, it is also

ARDAHIIS called the LVDS interface.
GBE Gigabit Ethernet, Ethernet interface with a maximum data rate of 2000Mbit/s
GMiIl Gigabit Media-Independent Interface, an interface between Ethernet MAC and PHY for up to 1Gb/s
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Abbreviation Explanation

GND Ground

GPI General Purpose Input

GPIO General Purpose Input/Output, pin that can be configured as an input or output

GPO General Purpose Output

GSM Global System for Mobile Communications

HDA High Definition Audio (HD Audio), a digital audio interface between CPU and audio codec

HDCP High-Bandwidth Digital Content Protection, copy protection system that is used by HDMI beside others

HDMI High-Definition M.ultimedia In_terfac_e, combines audio and video signal for connecting monitors, TV sets or
Projectors, electrical compatible with DVI-D

12C Inter-Integrated Circuit, a two-wire interface for connecting low-speed peripherals

12S Integrated Interchip Sound, serial bus for connecting PCM audio data between two devices

IrDA Infrared Data Association, an infrared interface for connecting peripherals

JTAG Joint Test Action Group, widely used debug interface

LCD Liquid Crystal Display

LSB Least Significant Bit

Low-Voltage Differential Signaling, an electrical interface standard that can transport high-speed signals
over twisted-pair cables. Many interfaces like PCle or SATA use this interface. Since the first successful

LVDS application was the Flat Panel Display Link, LVDS became synonymous with this interface. In this
document, the term LVDS is used for the FPD-Link interface.

MAC Medium Access Control is part of the second layer (data link layer) in the Ethernet stack

Ml Media-Independent Interface, an interface between Ethernet MAC and PHY for up to 100Mb/s

MIPI Mobile Industry Processor Interface Alliance

MDI Medium Dependent Interface, the physical interface between Ethernet PHY and cable connector

MDIO Management Data Input/Output, an interface that is used for controlling the Ethernet PHY. The bus

consists of the MDC clock and the MDIO bidirectional data signal.
MDIX Medium Dependent Interface Crossed, an MDI interface with crossed RX and TX interfaces
PCI Express Mini Card, a card form factor for internal peripherals. The interface features PCle and USB

i) (16 2.0 connectivity

MMC MultiMediaCard, flash memory card

MSB Most Significant Bit

MSATA Mini-SATA, a standardized form factor for small solid-state drive, similar dimensions as mini PCle
Mobile PCI Express Module (second generation), graphic card standard for a mobile device, the Apalis

MXM3 form factor uses the physical connector but not the pin-out and the PCB dimensions of the MXM3
standard.

N/A Not Available

N/C Not Connected

oD Open-Drain

oTG USB On-The-Go, a USB host interface that can also act as a USB client when connected to another host
interface

OWR One Wire (1-Wire), a low-speed interface that needs just one data wire plus ground

PCB Printed Circuit Board

PCI Peripheral Component Interconnect, parallel computer expansion bus for connecting peripherals

PCle PCI Express, a high-speed serial computer expansion bus, replaces the PCI bus

PCM Pulse-Code Modulation, digitally representation of analog signals, standard interface for digital audio

PD Pull-Down Resistor

PHY Physical Layer of the OSI model

PMIC Power Management IC, an integrated circuit that manages amongst others the power sequence of a
system

PU Pull-up Resistor

PWM Pulse-Width Modulation

QSPI Quad SPI, SPI interface with four bidirectional data signals

RGB Red Green Blue, color channels in common display interfaces

RGMII Reduced Gigabit Media-Independent Interface, an interface between Ethernet MAC and PHY for up to
1Gb/s

RJ45 Registered Jack, common name for the 8P8C modular connector that is used for Ethernet wiring
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Abbreviation Explanation

RMII Reduced Media-Independent Interface, an interface between Ethernet MAC and PHY for up to 100Mb/s

RS232 Single-ended serial port interface

RS422 Differential signaling serial port interface, full-duplex

RS485 Differential signaling serial port interface, half-duplex, multi-drop configuration possible

R-UIM Removable User Identity Module, identifications card for CDMA phones and networks, an extension of the
GSM SIM card

S/PDIF Sony/Philips Digital Interconnect Format, an optical or coaxial interface for audio signals

SATA Serial ATA, high-speed differential signaling interface for hard drives and SSD

SD Secure Digital, flash memory card

SDIO Secure Digital Input Output, an external bus for peripherals that uses the SD interface

SIM Subscriber Identification Module, an identification card for GSM phones

SMBUS Sys_tem Management Bus (SMB), a two-wire bus based on the 12C specifications, is used primarily in x86
design for system management.

SoC System on a Chip, IC which integrates the main component of a computer on a single chip

SPI Serial Peripheral Interface Bus, a synchronous four-wire full-duplex bus for peripherals

TIM Thermal Interface Material, a thermally conductive material between CPU and heat spreader or heat sink

TMDS Transition-Minimized Differential Signaling, serial high-speed transmitting technology that is used by DVI
and HDMI

TVS Diode Transient-Voltage-Suppression Diode, a diode that is used to protect interfaces against voltage spikes

UFP Upstream Facing Port, USB Type-C port that acts as a client

UART Universal Asynchronous Receiver_/T_ran;mitter, serial interfa(_:e, in combination with a transceiver an
RS232, RS422, RS485, IrDA or similar interface can be achieved

usB Universal Serial Bus, serial interface for internal and external peripherals

VCC Positive supply voltage

VGA Video Graphics Array, analog video interface for monitors

Table 1: Abbreviations
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2 Il nterfaces

21 Architecture

The block diagram in Figure 1 shows the basic architecture of the Verdin module, depicting the
"Always Compatible " interfaces, "Reserved' interfaces, and some examples of "Module -specific"
interfaces.

1x Gigabit Ethernet

I

1x RGMII

M2 1216 ﬁ
WiFi

Bluetooth 1x USB 2.0 OTG

I

((ﬁ))

1x USB 2.0 Host

I

1x USB SuperSpeed Lane

I

1x PCle (1x Lane)

I

1x MIPI DSI (4x Lanes)

I

1x HDMI

I

1x LVDS

1x MIPI C<2 (4x Lanes)

I

1x MIPI C<2 (4x Lanes)

3.135t0 5.5V Input. 1x 12C

RTC Backu = 3x 12C
—  Verdin
System Control M 0 d u I e 2x 128

1x SPI

I

|

1x QSPI

I

3x UART (RX, TX only)

I

2x UART (Extra RTS, CTS)

I

1x UART (RX, TX only)

I

eMMC 1x PWM

2x PWM

2x CAN

I

1x GPIO
EEPROM ﬁ
l 1x SDIO I
RTC 1x SDIO
l 4x ADC
Always Compatible Reserved Module-Specific (examples)
D
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Features of Verdin modules are split into three  distinct groups: "Always Compatible" , "Reserved,
and "Module -specific".

"Always Compatible" interfaces are features that shall be present on each SoM in the Verdin
Family. Customers can expect upgradeability and maximum scalability.

"Reserved" interfaces are features that are defined and reserved but possibly missing on some
Verdin SoMs. The reason for that could be that a certain SoC does not feature an interface , or
there is an assembly option that omits certain interfaces for cost optimization purpos es.
Replacement pins must be electrically compatible with the functionality specified. This means that
any Verdin SoM can be inserted into any Verdin carrier board without risking damage to the
module or the carrier board (caused by electrically not -compatible pins).

A "Module -specific” feature is a feature that is not guaranteed to be functionally or electrically
compatible across Verdin modules. Suppose a carrier board design uses such features. In that

case, it is possible that other modules in the Verdin module family do not provide these features

and instead provide other features on the associated pins. In this case, Verdin modules  that are
suitable for being used together with the carrier board design may  need to be restricted. An
incompatible SoM/carrier board combination may disable any/all functionalities or even damage

the SoM or the carrier board. Using or relying on functionalities provided on "Module  -specific" pins
or interfaces in the context of a carrier board could make upgrades to other Verdin modules
impossible.

211 " Al ways Compatible" Interfaces

The table below shows the "Always Compatible" interfaces provided by every Verdin module. The
"GPIO Capable" column indicates whether, for a specific inter face, the assigned pins can be used
as GPIOs.

The "Instances" column indicates the number of interfaces that the Verdin specification defines for
the "Always Compatible" interfaces. Even though the "Always Compatible" interfaces shall be
available on all Verdin modules, customers should consult the datasheet for specific Verdin module
variants to check for special features or restrictions of the interface.

Description Instances Note GPIO
Capable

Gigabit Ethernet 1 Media-dependent interface (PHY on module), backward No
compatible with Fast Ethernet.

USB 2.0 Host 1 High-Speed USB, backward compatible with Full and Low-  No
Speed USB.

USB 2.0 OTG 1 Can be configured for host or client usage. SoC usually No
uses this port in recovery mode.

12C 1 General Purpose Yes*

SPI 1 Single chip-select pin Yes*

UART (RX, TX) 2 General Purpose Yes*

UART (RX, TX) 1 Primary operating system debug port (console) Yes*

PWM 1 General Purpose Yes*

SDIO 1 4-bit interface, I/O voltage might be switchable between Yes*
1.8V and 3.3V for UHS-I support

GPIO 4 General Purpose Yes

JTAG 1 No*

Table 2: "Always Compatible" Interfaces
*May differ on some modules. Please check the datasheet of the respective module or the Pinout
Designer tool.
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212 " Reg ved" I nterfaces

Some of the "Reserved" interfaces are adding extra functionality to an "Always Compatible"
interface. For example, the additional USB 3.x SuperSpeed signals in the "Reserved"” class are
required to be used in conjunction with the USB 2.0 Host interface signals in the "Always
Compatible" class. There are additional RTS/CTS hardware flow control signals which need to be
used in conjunction with the respective general -purpose UARTSs found in the "Always Compatible"
class.

Since "Reserved" interfaces are possibly not provided by some modules, it is mandatory to consult
module datasheets for further information. A helpful tool is the Toradex Pinout Designer , which
supports comparing the available features of different Verdin  modules.

Suppose a module does not feature all possible instances of "Reserved" interfaces (defined by the
Verdin standard). In that case , interfaces are filled in an ascending order (starting from the lowest
instance index). For example, in the Verdin s tandard, there are two CAN interfaces (CAN_1 and
CAN_2). Both are in the "Reserved" class. If only one CAN is required by a custom carrier board
design, it is advisable to use CAN_1. This guarantees better compatibility with other Verdin
modules. For example, when featuring a single CAN interface (CAN_1) only.

Some interfaces (12C and PWM) have instances that are reserved for other interfaces (e.g ., HDMI).
When filling interfaces during the design of Verdin SoMs, these instances are prioritized according

to the availability of the interface they belong to. For example, there are up to four | 2C instances in
the Verdin specification (12C_1, 12C_2 DSI, 12C_3 HDMI, 12C_4 CSI). If a n SoC features only three
I2C instances and offers no HDMI interface but has a C Sl interface, the following interface

interfaces are provided by the module: 12C_1, 12C_2_DSI , and 12C_4_CSI. As the example shows,
in these cases, the indices of interfaces provided can be non -continuous.

Description Standard Note GPIO
Capable
MIPI DSI 1 Primary display interface, up to 4 data lanes. No
HDMI 1 Secondary display interface No
RGMII 1 Backward compatibility with RMII is not mandatory Optional
USB 3.x Host 1 Additional SuperSpeed signals that need to be used in No
conjunction with the USB 2.0 Host interface
PCle 1 1 lane with a reference clock. Supported generation No
depends on the module
12C 3 1x reserved for DSI (might be usable as general-purpose) Yes*
1x reserved for HDMI (might be usable for general
purpose)
1x reserved for CSI (might be usable as general-purpose)
QSPI 1 Backward compatible with SPI interface, independent from  Yes*
general-purpose SPI interface.
UART (RX, TX) 1 Secondary operating system (real-time OS) debug port. It Yes*
might be usable as general purpose UART.
UART (RTS, CTS) 2 Complementary hardware flow control signals for the fully Yes*
compatible general purpose UART interfaces
CAN 2 CAN or CAN FD compatible Yes*
MIPI CSI-2 1 Up to 4 data lanes No
PWM 2 1x general purpose Yes*

1x reserved for display backlight control

1’S 2 1x with master clock output Yes*
1x without master clock output

2x reserved for MIPI DSI
GPIO 6 Yes
4x reserved for MIPI CSI-2

ADC 4 No*
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Table 3: "Reserved" Interfaces
*May differ on some modules. Please check the datasheet of the respective module or the Pinout
Designer tool.

213 " Modtlpeci fic" I nterfaces

"Module -specific" interfaces allow for the possibility of including and providing module interfaces to
customers which may not be widely adopted (yet) or may be specific to a device or groups of
devices. They also offer a mechanism for extending features present on "Always Compatible" or
"Reserved" interfaces, such asproviding additional PCI -Express lanes.

It should be noted that "Module -specific" interfaces are kept standard across modules that share
such interfaces (whenever possible). For example, if both module A and module B have an LVDS
interface in the "Module -specific" category, they shall be provided on the same "Module -specific
pins. Hence, both module A and module B shall share compatibility between these parts of the
"Module -specific" interface. Please note that exceptions are possible to this rule. Please always
consult the datasheet(s) of the respective module(s).

214 Pin Numhheg
The Verdin module follows the same pin numbering scheme as the SODIMM DDR4 standard. Pins

on the top side of the module have an odd number , while the pins on the bottom side have an
even number.

O O

Pinl Pin143 Pin145 Pin259

Figure 1: Pin numbering schema on the top side of the module (top view)
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Pin260 Pin146 Pin144 Pin2

Figure 2: Pin numbering schema on the bottom side of the module (bottom view)
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Pin 2 Pin 144\1 Pin 146 Pin 266\1
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Figure 3: Pin numbering schema on the module connector land pattern  (top view)
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Pin 1 Pin 14 Pin 145 Pin 25
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22 PCl Express

The Verdin module form factor features one PCle lane as a "Reserved" interface. Depending on the
module, there may be additional lanes available in the "Module  -specific" area.

221 PCle Signals

Verdin  Verdin

Pin Signal Name pEeilL Ll

228 PCIE_1 CLK P (@] PCle PCle 100MHz reference clock output positive
226 PCIE_1 CLK_N O PCle PCle 100MHz reference clock output negative
234 PCIE_1 LO_RX P | PCle PCle receive data positive

232 PCIE_1 LO RX N | PCle PCle receive data negative

240 PCIE_1 LO TX P O PCle PCle transmit data positive

238 PCIE_1 LO_TX_N (0] PCle PCle transmit data negative

252 CTRL_WAKE1_MICO# | CMOS 1.8V General-purpose wake signal

244 PCIE_1 RESET# O CMOS 1.8V Dedicated PCle reset output

12 12C_1 SDA /O OD 1.8V General-purpose 12C interface data, optional
14 12C_1_SCL (0] oD 1.8v General-purpose 12C interface clock, optional

Table 4: PCle signals

The PCle interface supports polarity inversion. This means that the positive and negative signal pins
can be inverted to simplify the layout by avoiding crossing the signals. Some PCle devices support
additional lane reversal for multi -lane interfaces. As the "Reserved" interfaces on Verdin provide a
single lane PCle interface, the lane reversal feature is not relevant to the Verdin specification.

Some Verdin modules provide additional multi -lane PCle interfaces as "Module -specific" interfaces.
Please consut the datasheets of such modules to determine if lane reversal is applicable and
supported.

222 Reference Schematics

The PCle schematic differs depending on whether the PCle device is soldered directly to the carrier
board (device -down) or is located on a P Cle card. Special care needs to be taken to determine
whether AC coupling capacitors are required. The maximum trace length of the lanes depends on
whether the design is for an external card or a device -down.

Every PCle lane consists of a pair of transmi tting (TX) and receiving (RX) traces. Unfortunately, the
names RX and TX can be confusing as the host transmitter needs to be connected to the receiver of
the device and vice versa. Usually, the signals are named from the host 's perspective until they
reach the pins of the PCle device. Therefore, the Verdin modules' transmitting pin s should be called
TX at the carrier board , while the module's receiving pins should be called RX. Please carefully read
the datasheet of the PCle device to make sure that RX and TX are not inadvertently swapped.

PCle devices need a 100MHz reference clock. It is not permitted to connect a reference clock to

two device loads. The Verdin module provides one reference clock output as a "Reserved" interface.
There may be additional PCle reference clock outputs in the "Module -specific" area. If there are not
enough PCle reference clocks available (e.g. , if a PCle switch is used or the PCle interfaces in the
"Module -specific" area do not provide additional clock outputs), a zero -delay PCle clock buffer is
required on the carrier board. Some PCle switches feature an internal PCle clock buffer,

eliminating the need for a dedicated clock buffer.
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Figure 4: PCle reference clock buffer example

2.2.2.1 PCle x1 Slot Connector Schematic Example

For a regular PCle slot connector, no additional decoupling capacitors are permitted to be placed
on the carrier board in the RX, TX, and reference clock lines. The decoupling capacitors are located
on the module and the PCle ¢ ard.

_|| PCIEL LO TX P PCIEL LO TXP PED+
|
RX
_|| PCIEL LO TXN PCIEL LO TXN PED-
| = o
2x100nF o 2 k=)
PCle 38 e PCle
Host g S o S Device
o &0
PCIE1 LO RXP PCIEL_LO_RXP PER+ 1
I
RX X
PCIE1L L0 RXN PCIEL LO RXN PER- |
|
2x100nF
\ J \ J [N J
4 4 2\ 4
VerdinModule Carrier Board PCle Card

Figure 5: PCle x1 Slot Connector Block Diagram

The Verdin module standard features a dedicated PCle reset. This reset (PCIE_1_RESET#) should be
used to guarantee the power ramp -up timing requirements of PCI Express. Since t he PCle slot
connector has a 3.3V logic level and the PCIE_1_RESET# output of the module is only 1.8V, a level
shifter is required. Please note that the Verdin module standard does not support PCle hot  -plug
functionality.

The PCle x1 slot connector has two card present signals (PRSNT1# pin A1 and PRSNT2# pin B18)
that are shorted to ground by the card (if it is inserted). Since the Verdin standard does not feature
the PCle hot-plug feature, these pins can be left unconnected or connected to any free modul e
GPIOs if the presence detection of the card needs to be emulated.

The wake output of the PCle slot (WAKE#, pin B11) can be connected to the general wake input of
the Verdin module (CTRL_WAKE1_MICO#). Wake -up-capable PCle cards such as Ethernet cards
can use this signal to wake up the module from the suspend state. The WAKE# signal of the PCle
card slot is an open drain type. Therefore, no level shifter is required if the signal is pulled up to
1.8V on the carrier board and not to 3.3V.

The JTAG interface on the PCle slot can be left unconnected. This interface is only used for
debugging purposes. No termination on the carrier board is needed.
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The PCle slot pin-out features an SMB interface for additional power management control. As the
SMB and 12C buses are compatible from a hardware perspective, it is recommended that the

general -purpose 12C_1 interface of the Verdin module is used if the SMB interface is needed. Most
PCle cards do not make use of the SMB interface. Therefore, these pins can be left unconnected for
most applications. Please note that the SMB interface has a logic level of 3.3V while the I12C_1 has
1.8V. Therefore, a bidirectional level shifter is required.

According to the PCle specifications, the regular +3.3V supply rail (pin A9, Al0, and B8) a nd the
+12V (pin A2, A3, B1 , and B2) are required to be provided. The +3.3Vaux is optional. However,
the +3.3Vaux must be supplied to the PCle add -in card slot if the platform supports the wake
features (WAKE#).

Not all PCle cards need a +1 2V supply. It might be challenging for a battery -powered system or a
carrier board with a wide voltage input range  to generate a regulated 12V rail. In this case, we
recommend checking with the PCle card(s) manufacturer to determine if the +12V supply is

required. Please note that omitting the +12V  violates the PCI Express specifications and makes the
design incompatible with some add -in cards.
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Figure 6: PCle x1 slot reference schematic

2.2.2.2 Mini PCle Card Schematic Example

The Mini PCle Card (also called PCI Express Mini Card, Mini PCI Express, or Mini PCle) features
besides the PCle link a USB 2.0 high -speed interface. To be compliant, the carrier board needs to
provide both interfaces, the PCle and USB. As most of the Mini PCI e Cards use only one of its
interfaces for an embedded carrier board developed for a restricted set of compatible cards, it
might be enough to implement only the required interface. Check with the Mini PCle Card vendor
whether the card uses the USB, PCle or both interfaces .

The Mini PCle Card features the decoupling capacitors for the RX lines on the card. Therefore, no

additional decoupling capacitors should be placed on the carrier board in either the RX, TX , or
reference clock lines.
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Figure 7: Mini PCle Card Block Diagram

The Verdin module standard features a dedicated PCle reset. This reset (PCIE_1_RESET#) should be
used to guarantee the power ramp -up timing requirements of PCI Ex press. Since the Mini PCle
card has a 3.3V logic level for the reset input (PERST#, pin 22) and the PCIE_1_RESET# output of
the module is only 1.8V, a level shifter is required. Please note that the Verdin module standard

does not support PCle hot -plug fun ctionality.

The clock request output of the card (CLKREQ#, Pin 7) can be left unconnected. It might also be
connected to a free GPIO on the Verdin module. In this case, the clock request functionality needs
to be implemented in software.

The wake output of the Mini PCle Card (WAKE#, pin 1) can be connected to the generic wake
input of the Verdin module (CTRL_WAKEL1_MICO#). Wake -up-capable Mini PCle Cards such as
Ethernet cards can use this signal to wake up the module from the suspend state. The WAKE#
signal of the Mini PCle Cards slot is an open drain type. Therefore, no level shifter is required if the
signal is pulled up to 1.8V on the carrier board and not to 3.3V.

The RUIM interface of the Mini PCle Card (UIM, pin 8, 10, 12, 14 , and 16) is only nee ded for
mobile broadband modem cards such as 3G and 4G cards. If the card interface needs to support
such modems, an additional SIM -card holder must be attached to this interface.

The Mini PCle Card pin -out features an SMB interface for additional power management control.
As the SMB and 12C buses are compatible from a hardware perspective, it is recommended that
the general -purpose 12C_1 interface on the Verdin module is used if the SMB interface is needed.
Most Mini PCle Card do es not make use of the SM B interface. Therefore, these pins can be left
unconnected for most applications. Please note that the SMB interface has a logic level of 3.3V
while the I12C_1 has 1.8V. Therefore, a bidirectional level shifter is required.
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Figure 8: Mini PCle card reference schematic

2.2.2.3 PCle x1 Device-Down Schematic Example

Device-Down means that the PCle device is soldered directly to the carrier board. The decoupling
capacitors for the RX lanes (TX from the device) need to be placed on the carrier board. As the TX
lanes' capacitors are located on the Verdin module, no addit ional capacitors should be placed on
the TX lines. The reference clock lines do not need decoupling capacitors.

_| | PCIE1_LO TXP| PCIE1 LO TXP PCIERX
! RX
_| | PCIE1 LO_ TXN PCIE1 LO TXN PCIERX%
! S
2x100nF R
PCle 58 PCle
T = Device
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= 8 (down)
PCIE1 LO RXP| PCIE1 LO RXP || PCIETX
I
RX X
PCIE1_LO RXN PCIEL_LO RXN 1| PCIETX
I
2x100nF
AN J AN J
4 2\ 4
VerdinModule Carrier Board

Figure 9: PCle Device-Down block diagram

The schematic diagram shown below is an example of a device -down design of a gigabit Ethernet
controller. Please be aware that the TX lane from the module needs to be connected to the RX

input of the controller. The RX lane from the module needs to be connected to the TX output of the
controller. Check your device carefully to de termine whether it needs this crossing or not.
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Figure 10: PCle Device-Down example schematic

223 Unused PCle Signals Terminati on

elly il Recommended Termination

Pin Signal Name

228 PCIE_1_CLK_P Leave NC if not used

226 PCIE_1_CLK_N Leave NC if not used

234 PCIE_1 LO RX_P Preferable connect to GND if not used or leave NC

232 PCIE_1_LO_RX_N Preferable connect to GND if not used or leave NC

240 PCIE_1 LO TX P Leave NC if not used

238 PCIE_1 LO_TX_N Leave NC if not used

252 CTRL_WAKE1_MICO# Add pull-up resistor or disable the wake function in the software
244 PCIE_1_RESET# Leave NC if not used

12 12C_1_SDA Add pull-up resistor or disable the 1>C function in the software
14 12C_1_SCL Add pull-up resistor or disable the I2C function in the software

Table 5: Unused PCle Signals Termination
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23 Et hernet

The Verdin module standard features up to two Ethernet interfaces. There is a media -dependent
Gigabit Ethernet port on the "Always Compatible" interfaces with the Ethernet PHY on the module.
A second Ethernet interface is available as Reduced Gigabit Media -Independent Interface (RGMII)
as a "Reserved" interface. The RGMII requires a PHY to be placed on the carrier board and uses
multi ple media types for the physical link layer.

231 Medi a Dependent Ethernet Port

The Verdin features one media -dependent Gigabit Ethernet (1000Base -T) interface port (MDI). The
interface is backward compatible with the 10/100Mbit Ethernet (LOBASE -T and 100BASE TX)
standard. The Ethernet PHY is located on the module. Therefore, only the magnetics are required

on the carrier board. The interface operates in the "voltage" mode. This means there is no center
tap voltage required.

2.3.1.1 Media Dependent Ethernet Signals

\P/ﬁ]rdin \S/rr?;T Name /10 Type Eg\illver Description

S

221 ETH_1_MDION /O Analog 18? 100%?35:52 :-'?)'?:-Transmit -

233 ETH_1_MDILP 1O Analog e T D ceive +

231 ETH_ 1 MDILN 1/O Analog ig?f()%%s:s':_gz"?eceive )

239 ETH_1 MDI2 P 1/O Analog ig?f()%%s:s'g:_%?bnuse g

241 ETH_ 1 MDI2 N 1/0 Analog ig?fo%"és:s'g'_?)%’u”use J

247 ETH_1MDI3.P 1/0 Analog ig?f()%"’ésaes'g:_?gu”use J

245 ETH 1 MDI3_.N 1/0 Analog 18?100%61135;;:-?)2 Unused

237 ETH 1 LED 2 (0] oD tgdl:i\l{ant LED indication output for established Ethernet link
235 ETH_1 LED 1 (0] oD ?c;l3e\|{ant LED indication output for activity on the Ethernet port

Table 6: Ethernet signals

2.3.1.2 Media Dependent Ethernet Reference Schematics

Ethernet connectors with integrated magnetics are preferable. If a design with external magnetics

is chosen, additional care must be taken to route the signals between the magnetics and Ethernet
connector. If only a fast Ethernet (100Mbit/s) is required, s ome design costs may be saved using
only 10/100Base -TX magnetics.

The magnetics provide a certain ESD protection which is enough for many designs. However,
especially in Power over Ethernet (PoE) systems, additional transient voltage suppressor diodes
(TVS) are highly recommended to be placed between the module and the magnetics. More
information can be found in the following application note from Microchip:
http://ww1.microchip.co m/downloads/en/AppNotes/00002157B.pdf

The LED output signals ETH_1 LED land ETH_1 LED Zare 3.3V tolerant open -drain signals with
no pull -up resistor on the module. The pins can be connected directly to the LED of the Ethernet
jack with suitable series resistors. There is no need for additional buffering if the current drawn

does not exceeds 10mA. The ETH_1 LED_Zignal is used as a reference for the ETH_1 MDI2_P
signal on the SODIMM connector , and the ETH_1_LED_1is a reference for the ETH_1_MDI1_P
signal. Therefore, it is recommended to add a strapping capacitor of 1nF to GND as close as
possible to the SODIMM connector.
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2.3.1.2.1 Gigabit Ethernet Schematic Example (Integrated Magnetics)

Verdin Carrier Board Design Guide

The Verdin module does not require a ce nter tap voltage. Therefore, add individual 100nF
capacitors to the center taps of the magnetics. Do not connect the center taps together.

The Ethernet connector with integrated magnetics provides a certain amount of protection against
ESD. If a higher level is required, optional ESD protection diodes are recommended.
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Figure 11: Gigabit Ethernet with integrated magnetics reference schematic

2.3.1.2.2 Gigabit Ethernet Schematic Example (Discrete Magnetics)

If discrete magnetics are used instead of a n RJ45 Ethernet jack with integrated magnetics, special
care must be taken to route the signals between the magnetics and the jack. These signals are
required to be high voltage isolated from the other signals. Therefore, it is necessaryt o place a
dedicated ground plane under these signals , which has a minimum separation of 2mm from every
other signal and plane. Try to place the magnetics as close as possible to the Ethernet jack. This
reduces the length of the signal traces between the ma gnetics and jack.

MDI Signals fro
VerdinModule

Magnetics

ACT LED

Magnetics GNO|

Ethernet
Jack
(R345)

LINKLED “_

Figure 12: Separation of magnetics ground
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Figure 13: Gigabit Ethernet with discrete magnetics reference schematic

2.3.1.2.3 10/100Mbit Ethernet Schematic Example (Integrated Magnetics)

The Fast Ethernet interface uses the MDIO as transmitting lanes and the MDI1 as receiving lane. As
most Ethernet PHYs feature Auto-MDIX, the signal direction RX and TX could be swapped.
However, it is recommending not to swap the RX and TX lanesto ensure compatibility between all
Verdin modules.

The MDI2 and MDI3 lanes are not used for the 10/100Base -TX interface. These signals can be left

unconnected.
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Figure 14: Fast Ethernet with integrated magnetics reference schem atic

2.3.1.3 Capacitive Coupling of Media Dependent Interfaces
A traditional Ethernet connection between a Verdin module and an Ethernet switch might look like

this:
<] <]

Verdin |ETH_1_MDI w8 w3y Ethernet
Module 2 £ /-\ﬁ_/ ) g Switch
Magnetics 8 8 Magnetics
Max. 100m
1§ J J J
Y Y Y
VerdinCarrier Board EthernetCable Ethernet Device

Figure 15: Regular Ethernet connection with magnetics
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The media-dependent Ethernet signals from the Verdin module are routed on the carrier board to

a transformer (magnetics) and the RJ45 (8P8C) connector. The magnetics might be integrated in to
the RJ45 connector, but the galvanic isolation with the transformer remains the same. 1000BASE-T
Gigabit Ethernet allows for a cable of up to 100 m in length. The other side of the cable might be
connected to an Ethernet switch. The PCB of the Ethernet switch also requires having galvanic
insulating magnetics. The whole chain consists of two transformers that ensure the connection

does not have any DC offset and is galvanic insulated.

The Ethernet interface is often used for connecting different devices inside a system. For example,
the Ethernet connects different boards on a backplane system. In such systems, the connection
between the two magnetics probably is shorter than 1 m and might  not even be a cable. The two
Ethernet ports might be connected using just traces on a backplane PCB.

25 25
Verdin |ETH_1_MDI _i g g g Ethernet
Module X E 5 E Switch
Magnetics a8 a8 Magnetics
Max. 1m
[\ [\ J J
Y 2\ Y
VerdinCarrier Board Backplane Ethernet Device

Figure 16: Backplane Ethernet connection with magnetics

It is possible to use the same magnetic transformers on both sides of the Ethernet connection.
However, magnetics are relative ly expensive components and consume significant space on the
PCB. If the connection between the two Ethernet ports is relatively short (below 1 m), replacing the
magnetic transformers with capacitors for capacitive coupling is possible

Q5 Q5
Verdin [ETH_1 MDI —| |— &g &3 —| |— Ethernet
Module Capacitive g g g g Capacitive Switch
Coupling Coupling
Max. 1Im
N N J . J
Y Y Y
VerdinCarrier Board Backplane Ethernet Device
Figure 17: Backplane Ethernet connection with capacitive coupling
Combin ations between capacitive coupling and magnetics are possible.
Q5 Q5
Verdin |ETH_1_MDI —| |— &g 5% Ethernet
Module Capacitive g g g g Switch
Coupling Magnetics
Max. Im
\ \ J \\ J
Y Y Y
VerdinCarrier Board Backplane Ethernet Device

Figure 18: Backplane Ethernet connection with hybrid coupling

It is possible to reduce the coupling in a backplane system to a single capacitive coupling. This
coupling could be on the backplane PCB.
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25 25

Verdin |ETH_1_MDI _ig | —“— | g_% Ethernet

Module 3 E Capacitive 3 E Switch
& 3 Coupling 88

Max. Im
¢ ¢ J J
Y Y Y
VerdinCarrier Board Backplane Ethernet Device

Figure 19: Backplane Ethernet connection with single capacitive coupling

Please note that the capacitive coupling does not provide galvanic isolation, as a continuous
ground connection is required. The differential pair  Ethernet signals are referenced to the ground
plane on both sides of the capacitive coupling. The capacitive coupling only insulates DC offsets of
the Ethernet signals. Therefore, capac itive coupling can only be used if both Ethernet ports use the
same ground reference in the system and have r elatively short connections. This is especially true if
both devices are on the same carrier board. Capacitive coupling is the preferred method for
embedding an Ethernet switch directly on the Verdin carrier board.

Verdin |ETH_1_MDI —| |— Ethernet
Module Capacitive Switch
Coupling
[\ J
Y

VerdinCarrier Board

Figure 20: Capacitive coupling on Verdin Carrier Board

2.3.1.3.1 Gigabit Ethernet Capacitive Coupling Schematic Example

When implementing capacitive coupling, itis crucial to understand the type of Ethernet PHY used.
In the first schematic example, the Ethernet ports of two Verdin modules are connected. The Verdin
module uses a voltage -mode PHY. Such PHYs do not require any center tap voltage or termination
The same example applies to other Ethernet devices that feature a voltage -mode PHY. In this case,
the signals can simply b e connected over 100 nF capacitors.

Both ports need to be referenced to the same ground. All si gnals should be routed over the same
ground reference. The capacitive coupling does not provide any galvanic isolation. It is essential to
use non-polarized capacitors. The voltage across the capacitor will typically be + 3.3 V depending
on the bias voltage s of the PHYs Therefore, a 16 V rated capacitor is a good solution.

Since both Verdin modules feature Auto MDI -X, the signals do not need to be swapped . Itis
possible to route the lane 0 signals of the first module to lane 0 of the second module and so forth.

Verdin Module 1 Verdin Module 2
X1J x2J
225 = ETH 1 MDIO P C52 ;) 100nF 16V ETH 1 MDIO C P == 225
ETH_1_MDIO_P | 220 ETH_1_MDIO_P
ETH_1_MDIO_N 227 ETH 1 MDIO N _ C71 j 100nF 16V ETH 1 MDIO C N 227 ETH_1_MDIO_N
231 ~_~ ETH 1 MDIL N _ C79 ;) 100nF 16V ETH 1 MDI1 C N 231
ETH_1_MDI1_N [N ETH_1_MDI1_N
ETH_ 1_MDIL_P 233 ETH 1 MDIL P C80 i 100nF 16V ETH 1 MDI1 C P 233 ETH_L_MDIL_P
ETH_1 LED 1 % 375 ETH 1 _LED 1
ETH_1_LED_2 ETH_1_LED 2
239 ~C= ETH 1 MDI2 P C82 ,, 100nF 16V ETH 1 MDI2 C P == 239
ETH_1_MDI2_P [RCARLL ETH_1_MDI2_P
ETH 1 MDI2 N 241 ETH 1 MDI2 N C83 | 100nF 16V ETH 1 MDI2 C N 241 ETH_1_MDI2_N
245 =C= ETH 1 MDI3 N __ C88 ,, 100nF 16V ETH 1 MDI3 C N == 245
ETH_1_MDI3_N L TRCM AL ETH_1_MDI3_N
ETH_ 1_MDI3_P 247 ETH 1 MDI3 P C89 | 100nF 16V ETH 1 MDI3 C P 247 ETH_1_MDI3_P
23094092 23094092
Voltage Mode PHY Voltage Mode PHY

Figure 21: Reference schematic of capacitive coupling between two Verdin modules
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2.3.1.3.2 Fast Ethernet Capacitive Coupling with Current-Mode PHY Schematic Example

With voltage -mode Ethernet PHYs, the capacitive coupling only requires the capacitors. PHY s with
voltage -mode front ends do not require any center tap voltage. Current-mode PHYSs, on the other

hand, require center tap voltages.

The Verdin module is coupled to a Colibri module in the following schematic examp  le. The Colibri

module features only a 100Mbit/s PHY. According to the Colibri standard, a center tap voltage is
required on the carrier board since the modules still use current -mode PHYs. With capacitive
coupling, the center tap voltage must be injected using tw o 50 m resistors.

The differential pair assignment can be optimized for the layout. Since the Colibri modules feature

Auto MDI -X the Ethernet differential pair signals can swap their role from RX to TX and vice versa.

Therefore, the center tap voltage is required on both pairs and it does not matter which pair is
connected to the lane 0 of the Verdin module

Verdin Module Colibri Module
X1J 2B
e Do P B8O e opyes i tie - 2 entucact
ETH_1_MDIO_N i o R45 g ETH_SPEED
T o~ o~ ETH_AVCC—€228 ——{GND -
ETH_1 MDIL N gg; ETH 1 MDILN__C79 41100nF 16V ETH TXO N = d RS2 1000 1 }g; ETH_TX0-
ETH_l_MD”._P ETH 1 MDI1 P C&”MHF 16V ETH TX0 P ETH TX0 P 19.9R ETH_TXO+
ETH_1 LED_1 ﬁ GND4 ETH_GND
B ED 2 Power - Ethernet ETH RX1 N 198 | o Ry
2 R53 195 | R2
ETH_1 MDI2_P co1 ETH_RXI+
ETH_1_MDI2 N ﬁ 433V Lo ETH_AVCC ETH_AVCC} 9% I {GND .
Rs4., 1990 Colibri - Ethernet
ETH_1 MDI3 N g 220R@100MHz co2 ces ETH RX1 P . S
ETH_1_MDI3_P ﬁ TiwE e o0t
23094092 Current Mode PHY
Voltage Mode PHY 1
GND

Figure 22: Reference schematic of capacitive coupling to a current -mode PHY

2.3.1.4 Unused Ethernet Signals Termination
All unused Media Independent Ethernet signals can be left unconnected.
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Reduced Gi gahidte pMenddieant | nt erf ace Ethernet Port

In addition to the Media Dependent Ethernet port, the Verdin family provides a second Ethernet

port in the "Reserved" category. However, this secondary port is provided as a Reduced Gigabit
Media-Independent Interface (RGMII). This means only the Ethernet MAC (Medium Access Control)
is on the module. The PHY (physical layer) needs to be on the carrier board. This allows for
additional flexibility in choosing the suitable transport medium (e.g. , fiber-optical cable).

Some of the Verdin modules a Iso allow using the interface as RMII (Reduced Media-Independent
Interface) for Fast Ethernet. For compatibility reasons, the RGMII is the preferred interface for an

Ethernet PHY on the carrier board.

The RGMII standard supports different I/O voltages. Howe ver, for the Verdin module family, the
I/O voltage is 1.8V. Using this I/O voltage ensures the carrier board is compatible  between
different Verdin modules.

Besides the RGMII, there is a Management Data Input/Output interface (MDIO) for managing the

PHY on the carrier board. Some Verdin modules maybe share the interface with the on

-module

Ethernet PHY. In these cases, special care must be taken t o address the carrier board PHY does not

conflict with the on -module PHY address.

2321

Verdin
Pin
199
197
201
203
205
207
211
213
221
219
217
215
193

191
189

RGMII Signals

Verdin
Signal Name

ETH_2 RGMII_RX_CTL
ETH_2 _RGMII_RXC
ETH_2 RGMII_RXD_0
ETH_2 RGMII_RXD_1
ETH_2 RGMII_RXD_2
ETH_2 RGMII_RXD_3
ETH_2 RGMII_TX_CTL
ETH_2_RGMII_TXC
ETH_2 RGMII_TXD_0
ETH_2 RGMII_TXD_1
ETH_2 RGMII_TXD_2
ETH_2 RGMII_TXD_3
ETH_2 RGMII_MDC

ETH_2 _RGMII_MDIO
ETH_2 RGMII_INT#

O O O O O O O

110

CMOS
CMOS
CMOS
CMOS
CMOS
CMOS
CMOS
CMOS
CMOS
CMOS
CMOS
CMOS
CMOS

oD
oD

2.3.2.2 RGMIl Reference Schematics
For best software compatibility, the Gigabit Ethernet Transceiver KSZ9131RNX from Microchip is a
preferred solution. This Ethernet PHY supports the 1.8V I/O voltage level of the RGMII interface.
For other Ethernet PHY solutions, check the availability of s oftware drivers.

1.8V
1.8v
1.8V
1.8v
1.8V
1.8v
1.8V
1.8v
1.8V
1.8v
1.8V
1.8v
1.8V

1.8v
1.8V

Description

Multiplexing of data received is valid and receiver error
Received clock signal

Received data (PHY to MAC)

Multiplexing of transmitter enable and transmitter error

Transmit clock signal

Data to be transmitted (MAC to PHY)

Management interface clock (output from MAC)

Management interface data (bidirectional, needs pull-up on

carrier board)
Optional interrupt, requires a pull-up on the carrier board
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; MODE
/—Bﬁw&ﬂﬁ Strapping wig ern] [0 | Kszo13Lmode KSZ9031 Mode
RI8E,__ 10K 0000 |Reserved, notused Reserved, not used
ETH 2 RGMI RXC  lewoe | [Riso— 1ok I | 0001_|Reserved, not used Reserved, not used
0010 [Reserved, not used Reserved, not used
Ro84, . 10K G011 |Reserved, notused Reserved, not used
ETH 2 RGMIL RX_CTL lewazs e | [R100— 10k T 1 | [ 0100 [NAND Tree Mode JAND Tree Mode
- = 4 0101 |Reserved, not used [Reserved, notused |
ROl 10K | | 110 |Reserved, notused Reserved, not used
ETH 2 RGMIL RXDO _lwooeo | [RI02— 10K 111 [Chip Power Down Mode Chip Power Down Mode
= » [ 1000 |PME_NT. all, except 1000 half-duplex|Reserved, not used
R193, 10K 1 | 001_|Reserved, not used [Reserved, not used
ETH 2 RGMII_RXD1 MODEL lngA 10K 010 |PME_N2; all, except 1000 half-duplexjReserved, not used
— B [ 1011 |Reserved, notused |Reserved. notused
R195 10K 71100 1000 full duplex onk 000 full duplex oni
ETH 2 RGMII_RXD2 MODE2 IRZEBE 10K ¢ 101 |Reserved, not used 11000 full and half-duplex onl
110 IALL‘ EXCEPT 1000 HALF-DUPLEX | ALL, EXCEPT 1000 HALF-DUPLEX
X1l R196,__ 10k 1 | | T11_|Reserved, notused [ALL CAPABILITIES
201ETH_2_RGMII_RXDO ETH_2 _RGMII_RXD3 MODE3 R331 10K
ETH_2_RGMII_RXD_(-o0tElH.2 ROMILRXD0 /] _—-—-——-:gzq
2] L RXD_0203ETH 2_RGMI_RXDL /] 1 PHY Address bits [4:3] are aways set o 00
g:,zz,:gm,g;g, 205ETH 2 RGMIl_RXD2 S GNp___ ! Default address for internal PHY: 00111
ETH 2 RGMII RXD 4-207ETH 2 RGMIl_RXD3 1C228
ETH 2 RGMIl RXOLOZETH 2 RGMIRXC /] NETH 2 Romi Tx0o0 195 .2 == ETH 2 MDIO_P
== T L99ETH 2_RGMI_RX CTL /] NETH_2_RGMIl_TXD1__20 A3 ETH_2_MDIO_N
ETH_2_RGMII_RX_CTLA29ETH.2 T2 R oz 23] 70! TXRXM_A
— TXD2 —~
215ETH 2 RGMII_TXD! NETH 2 RoMIl TxD3 22 5 ETH 2 MDIL P
E‘I:_ZZ_SSMIIII_I;(DDE 2T7ETH 2 RGMITXD: NETH 2 rowiTxc 24| K[CB ;?;i,;-g 6 ETH 2 MDIL N
ETH_Z_RGM”_TXD_ 219ETH_2_RGMII \TH 2_RGMII_TX CTL 25| TX_CTL -
ETH_2_RGMII_TXD_0/22LETH_2_RGMILTXD0 /] - TxrXP clZ == ETH 2 MDR2P
i 7 ~|213ETH_2_RGMII C ETH_2_RGMII_RXDO 32| - 8 ETH 2 MDI2_N
ETH_2_RGMII_TXCH5t5 e meoar SHL NS RaT R o5 RXDO/MODEO TXRXM_C
ETH 2 RGMIL_TX_ CTL[ZHLETH 2 RGMILTX CTL oML XD, 51l RXD1/MODEL - —~
T ) PILETH RXD2IMODE2 TXRXP_D [2 ETH 2 MOI3 P
ETH_2_RGMII_MDC] 13?5:‘5‘33% g RXD3/MODE3 TXRXM D |E ETH 2_MDI3_N
ETH_2_RGMII_MDIOf — [} %27 1RK19B RXC/PHYAD2
ETH_2_RGMII_INT#L89ETH 2 INT 2 RX_CTL/CLK125_EN
300400 Q T ;‘\"A'Sfo +V1.8_ETH+V18 ETH ETH 2 LED 2
LED_MODE | Mode INT_N/PME_N2/ALLPHYAD =
0 Tri-color Dual LED Mode R20L__ 10K Lep_wooe 4 =
T Single LED Mode v B*GE,E; Rzozz 10kT O oRE E‘
V1.8_ETH T21B
6 BATSAX\/ZTSS - LED2/PHYADL \rzosisanTicy |
CTRL_RECOVERY_MICO#572 LED1/PME_N1/PHYAD| P
1278 D17 R204 T21A  GND i
CTRL_PWR BTN _MICO155% D18 10K NTZD3154NT1G
CTRL_FORCE_OFF_MOCI|
CTRL_WAKE1_MICO# 22 CTRL_RESET_MOCH# ETH 2 RESET# 42) pegpr |y GND  GND
crns Pur e ocksS Srsonarse 192
g X e Lour +VL8_ETH+VL8_ETH ETH 2 LED 1
CTRL_RESET_MOCIEZS o
CTRL_RESET_MICO4 2005108 45
X0
QC5A25.0000F10B22R| - C5A25,0000F10B22R
0scz28 OSC2A
2 3L 46
130 |:| o X (=50 NTZD3154NT1G
IS%Q/F 12pF "KSZOI3IRNXI T22A  GND
sov NTZD3154NT1G
GND GND GND GND
+V1.2_ETH 16 IC22A L7 +V3.3_ETH
g AVDDL AVDDH 12
120R@100MHz | 133 |c134 | c1ss L—9] avbpL AVDDH j ci36 |c137 [ci38 [ 120R@100MHz
-10uF L10onF-L100nF NC 4L LioonrLioonrlioonFL )59
6.3V Tiev Tiev 16\ 6 6 Tour
LDo_o 43¢ 63V
+V1.2 ETH GND GND +V1.8_ETH
L18 18 16 L19
55] DVDDL DVDDH 22
120R@100MHz Cc141 |Cl42 | C143 |Cl44 |Cl45 |Cl46 |C147 DVDDL DVDDH j C148 | C149 |C150 120R@100MHz
==10uF —=100nF-=100nF—=100nF—=100nF_-100nF_-100nF, DVDDL pvDDH (22 =5100nF2100nFL00NFL 151
6.3v 16V T16 16V |16V |16 16V 301 SvobL 16V 16V 16V TouF
39 63V
4] DVDDL 13
L NC NC A
GND +V1.2_ETH 20 VSS 29 GND
44 49
: AVDDL_PLL VSS_TH
120R@100MHz == T00R - SaoHF
6.3V 16V - |
KSZOT3TRNXI GND
GND

Figure 23: RGMI reference schematic

24 USB

The Verdin specifications contain two USB ports. One port is an OTG port that can be configured
as a host or client. This port is usually used in the recovery mode for loa ding new software onto the
module. The second port supports host mode only. Both ports can support the low, full, and high -
speed modes of the USB 2.0 specifications.

1.5Mbit/s 12 Mbit/s 480Mbit/s 5Gbit/s 10Gbit/s
Verdin Port Low Speed Full Speed High Speed  SuperSpeed SuperSpeed OTG
1.1 2.0 3.X 3.X
USB_1 \Y \% Y Y,
USB_2 \ \Y \Y \Y \%

Table 7: Maximum possible supported features for the USB ports

In the "Reserved" pin category of the Verdin specifications, there are additional SuperSpeed signals
which are intended to be used in conjunction with the USB_2 port (host only) in the "Always
Compatible" class. This upgrades the port to a USB 3.x capable interface. The naming schemes of
USB 3.x can be a bit confusing. There are different names for the same speed grade, depending

on the revision of the taken specifications . Table 8 compares the different transfer modes and their
naming schemes. Not all the USB 3.x transfer modes are possible with the Verdin module since
only one lane of SuperSpeed signals is reserved in the Verdin standar d. The actual possible USB
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3.x mode also varies by the module itself. Therefore, itis essential to check the module datasheet
to determine whether the SuperSpeed signals are available and which maximum speed they

support.

Marketing Name USB 3.2 Name USB 3.1 Name ggﬁégal E;Jﬁ:;Speed Eu;\)/%?(rjt;d
SuperSpeed USB USB 3.2 Gen 1x1 USB 3.1 Gen 1 USB 3.0 g.gtc)aitésyte/s 1 Possible
SuperSpeed USB 10 Gbit/s USB 3.2 Gen 1x2 iOG(Iaal))/itt(/;s 2 No
SuperSpeed USB 10 Gbit's ~ USB 3.2 Gen2x1  USB 3.1 Gen 2 i?z%bétﬁe/ . 1 Possible
SuperSpeed USB 20 Gbit/s ~ USB 3.2 Gen 2x2 g&%bézf s 2 No

Table 8: USB 3.x Transfer Mode Naming Schemes

The first generation (Gen 1) uses 8b/10b encoding , while the second generation (Gen 2) uses the
more efficient 128b/132b encoding. This is the reason why the second generation can reach a
higher byte rate than the first generation with the same bitrate.

241 USB Signal s

Verdin  Verdin Power

Pin Signal Name Ve e Rail DESEI T

165 USB_1 D P /O USB Positive differential USB signal, OTG capable

163 USB_1 D N /O USB Negative differential USB signal, OTG capable

161 USB_1_ID | CMOS 1.8V Cable identification pin for the OTG

159 USB_1 VBUS | CMOS tso\llerant Bus voltage detection in the OTG client mode

155 USB_1 EN O CMOS 1.8V Enable signal for the bus voltage output in host mode
157 USB_1_OC# | oD 1.8v Overcurrent input signal

Table 9: USB_1 Signals

While all the signals of the USB_2 port that are required for running the interface with High -Speed
USB 2.0 are in the "Always Compatible" category, the additional SuperSpeed signals for running

the interface in USB 3.x mode are in the "Reserved" category. These signals are not available on all
the Verdin modules.

\P/?nrdin \S/rr(]i;r: Name /0 Type ;g\illver Description

183 USB 2 D P /O USB Positive differential USB 2.0 signal

181 USB_2 D N /O USB Negative differential USB 2.0 signal

177 USB_2 SSRX P | PCle Positive differential receiving signal (reserved for USB 3.x)

175 USB_2_SSRX_N | PCle Negative differential receiving signal (reserved for USB 3.x)
171 USB_2 SSTX P O PCle Positive differential transmission signal (reserved for USB 3.x)
169 USB 2 SSTX N O PCle Negative differential transmission signal (reserved for USB 3.x)
185 USB_2_EN (0] CMOS 1.8V Enable signal for the bus voltage output

187 USB_2_OC# | oD 1.8v Overcurrent input signal

Table 10: USB_2 Signals

SuperSpeed signals are basically PCle signals and therefore support polarity inversion. This means
the positive and negative signal pins can be inverted to simplify the layout by avoiding crossing the
signals. It is not permitted to swap the receiving sign als with the transmitting ones. Noteworthy , the
USB 2.0 data signals do not support polarity inversion; USB_x D P and USB_x_D_N cannot be
swapped.
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242 USBEC

USB-C has initially also been known as USB Type-C. The term USB-C basically describes a 24 -pin
connector system that allows for an orientation -agnostic insertion of the plug sinto the sockets
(rotational symmetry) . USB-C in itself does not denote any transfer speeds or special capabilities.
On the other hand, the additional pins  provided by USB-C may support additional features, such
as USB Power Delivery or any Alternate Modes.

Before USB-C, the connector being on the host side was typically a USB TypeA, while the
connector on the client side was typically a USB Type B. If the port could act as both host and client
(OTG), the jack was called USB Type-AB. In a fully adopted USB -C system, only one connector type
is used, regardless of the role. If the port is used as a host, the term Downstream -Facing Port (DFP)
should be used. The client -side port becomes an Upstream-Facing Port (UFP).With USB-C, the
term OTG is no longer being used to describe a port that can act both as a host and a client. Such
port is called Dual -Role Data (DRD) port instead .

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A1l Al2
GND | TX1+ | TXI- CC1 D+ D- SBU1 RX2 | RX2+ | GND
GND | RX1+ | RX1- SBU2 | D- D+ CC2 TX2- | TX2+ | GND

B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1

Figure 24: USB-C connector pin out

The following table describes the USB-C pins. The 6 US B -RAy €@ bcoliend indicates whether

the signals are used in USB-C to USB Type-A cables. These cables require a 56k m pull-up resistor
between the CC1 pin and the VBus for being compatible with the USB -C system.

USB-C
Pin(s)

A6, B6
A7, B7

A2

A3

B11

B10

B2

B3

All

A10

USB-C

Signal Name

D+

D-

TX1+

TX1-

RX1+

RX1-

TX2+

TX2-

RX2+

RX2-

USB Type-

AN
Cable
\%

\Y

Description

USB 2.0 differential pair signals. There is only a single USB 2.0 differential
pair in the cable. The B6/B7 pins are not connected inside the cable's plug.
Both signal pairs must be connected to the USB-C receptacle for providing
rotational symmetry.

Default set of pins for the transmit differential pair signals of the first
SuperSpeed lane. Alternative set of pins for the transmit differential pair
signals of the second SuperSpeed lane. For rotational symmetry, these

signals shall be provided to the receptacle through a multiplexer (so that they

could be switched over to the B2 i TX2+ and the B31 TX2- pins as well,
respectively). In the cable, this is the pair used for single-lane SuperSpeed
interfaces. This is pair number 1 for alternate functions.

Default set of pins for the receive differential pair signals of the first
SuperSpeed lane. Alternative set of pins for the receive differential pair
signals of the second SuperSpeed lane. For rotational symmetry, these

signals shall be provided to the receptacle through a multiplexer (so that they

could be switched over to the A111 RX2+ and the A10 1 RX2- pins as well,

respectively). In the cable, this is the pair used for single-lane SuperSpeed
interfaces. This is pair number 2 for alternate functions.

Default set of pins for the transmit differential pair signals of the second
SuperSpeed lane. Alternative set of pins for the transmit differential pair
signals of the first SuperSpeed lane. For rotational symmetry, these signals
shall be provided to the receptacle through a multiplexer (so that they could
be switched over to the A2 1 TX1+ and the A3 1 TX1- pins as well,
respectively). In the cable, this pair is not used for single-lane SuperSpeed
interfaces. This is pair number 3 for alternate functions.

Default set of pins for the receive differential pair signals of the second
SuperSpeed lane. Alternative set of pins for the receive differential pair
signals of the first SuperSpeed lane. For rotational symmetry, these signals
shall be provided to the receptacle through a multiplexer (so that they could
be switched over to the B11 i RX1+ and the B10 i RX1- pins as well,
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USB-C USB Type-

Signal Name Description

A
[oF=10] (]

respectively). In the cable, this pair is not used for single-lane SuperSpeed
interfaces. This is pair number 4 for alternate functions.

A4, B9, VBUS vV USB Bus power. In combination with the USB power delivery negotiation, a

A9, B4 maximum of 20V/5A is possible.

Al, B12 .

Al2, B1 GND \Y Ground for power and signal return

A5 ccl Resistor Configuration channel. These pins have multiple functions. They are used for
detecting the orientation of the connection. Either simple resistor
combinations are used to detect the interface type, or the pins are used as a

B5 Cc2 bus for negotiating the roles and power capabilities between the devices and
the cable.

A8 SBUL Sideband use. These signals are for alternate interface modes (for example,

B8 SBU?2 analog audio).

Table 11: USB-C signals

The USB C connector can be used in different modes. The connector can be used as a convenient
replacement for Type-A (host) or Type-B (client) receptacles for Low, Full, and High Speed (USB
1.1/2.0) modes. In this case, only the following pi ns of the USB-C connector are used (mandatory
pins are in black) :

Al A2 A3 Ad A5 A6 A7 A8 A9 A10 All Al12
GND CcC1 D+ D- GND
GND D- D+ CC2 GND

B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1

Figure 25: USB-C connector pins used for USB 1.1/2.0

The USB cable only connects the High-Speed USB 2.0 signal cables on the pins A6 and A7. To
ensure the cable can be plugged in both orientations, the receptacle needs to connectth e USB 2.0
data signals to both pin pairs, the A6 -A7 and B6-B7. The stubs are relatively short since these pins
are located in the center . Therefore, no signal multiplexer is required. The configuration channel
signals (CC1 and CC2) are used for detecting t he plug orientation, the desired role, and the power
negotiation. For many USB 2.0 applications, simple resistor circuits are sufficient for the
configuration channel. For more information, please check the USB -C schematic examples.

For USB SuperSpeed, additional differential pair signals are required. The USB -C connector
features up to two SuperSpeed lanes. However, the Verdin module standard only provides a single

lane. Therefore, only USB 3.2 Gen 1x1 (up to 5 Gbit/s) and USB 3.2 Gen 2x1 (up to 10 Ghit/  s)
speeds are feasible. The following signals are required on the USB -C connector:

Al A2 A3 Al A5 A6 A7 A8 A9 A10 All A12
GND | TX1+ | TX1- (6{0%} D+ D- RX2 | RX2+ | GND
GND | RX1+ | RXL- cc2 TX2- | TX2+ | GND

B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1

Figure 26: USB-C connector pins used for USB 3.2 (single lane)

Since the USB-C connector is rotationally symmetrical, the USB -C receptacle needs to be able to
provide the SuperSpeed signals on both sides. The orientation connector is detected by using the
log multiplexer. The multiplexer

switches the SuperSpeed signals between the TX1-RX1 and RX2TX2 positions.

CC signals. This information is required for controlling an ana
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2.4.2.1 USB-C Power Delivery

Verdin Carrier Board Design Guide

USB-C Power Delivery (PD) makes it possible to deliver up to 100W to a device by providing
5A at up to 20V. The power delivery feature of USB-C is also backward compatible with previous
USB specifications. On a standard USB Type-A interface (without battery charging capabilities ), it is
possible to draw up to 2.5W (5V at 0.5A) in case of USB 2.0 and up to 4.5W (5V at 0.9A) in case of
USB 3.0. For a USB-C power delivery -only interface , the following pins are required . It is possible

to combine the power delivery with data interfaces.

C connector for providing for all of the potential power delivery methods .

up to

The following signals are required on the USB -

Al A2 A3 A4 A6 A7 A8 A9 Al0 All Al2
GND CC1 D+1 D-! GND
GND CcC2 GND
B12 B11 B10 B9 B7 B6 B5 B4 B3 B2 Bl
'theD+andD-si gnals can be omitted if USB BC 1.2 and the default

Figure 27: USB-C connector pins used for power delivery

Depending on the role of the port, USB -C devices can either advertise or request different power
modes. In the negotiation process, the system settles for the highest common
also complies with the attached cable. The configuration channel signals (CC1 and CC2) are used
for this negotiation . Either different resistor values are attached to the CC signals, or the
configuration channel is used as a data bus.

Power Mode CC Usage
USB PD Bus
USB-C 5V/3A 10km pull-up at DFP

USB-C 5V/1.5A  22km pull-up at DFP

56km pull-up at DFP or

USBBC 1.2 in Type-A adapter cable

56km pull-up at DFP or

DI L2 Ehx in Type-A adapter cable

56km pull-up at DFP or

Default USB 2.0 in Type-A adapter cable

Detection

Bus communication between DFP,
UFP, and the cable

UFP detects the pull-up resistor value
at the CC pin

UFP detects the pull-up resistor value
at the CC pin

The host measures the resistance
between the D+ and D- signals to
detect the presence of the battery
charger

USB enumeration is required over the
D+ and D- signals (without
enumeration, only 150 mA is allowed)
USB enumeration is required over the
D+ and D- signals (without
enumeration, only 100 mA is allowed)

Table 12: USB-C power modes

power mode that

Maximum
el Current
5-20V 5A
5V 3A
5V 15A
5V 15A
5Vv 09A
5Vv 05A

Maximum
Power

100 W

15W

7.5W

7.5W

45W

25W

In the USB-C Power Delivery mode (USB PD),the device providing the power is referred to as the

source (DFP) while the one receiving the power is called the sink

(UFP) One CC signal is used for

data, while the other one provides 5V ( up to 1W) as VCONN. This voltage is used to power the
USB PD negotiation devices (including active cables with an embedded marker IC ). The VCONN is
not to be confused with the VBus , which is the bus power that carries the USB-C connection's
actual power . The USB PD protocol is used for negotiating the v oltage and the maximum current

the source can provide , the sink requires, and the cable can handle. It is

impossible to use USB PD

with a legacy USB Type-A to USB-C cable. For USB-C PD to function, a fully compliant USB-C cable

connection is required.

The USB-C 5V/3A and 5V/1.5A modes also require a full y compliant USB-C connection. Adapters

with USB Type-A or Type-B connectors will not work since they do not conduct the CC signals

between the DFP and the UFP. These modes use different pull -up values at th e CC signals for
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detecting the capabilities. No data communication is performed on the CC signals. This simplifies

the implementation. All USB -C PD devices (UFR DFP, and DRP) need tosupport the resistor
detection solution as well . One of the drawbacks of this solution is that bus voltages other than 5V
are not feasible.

If the pull -up resistor at the CC line is 56k m, the USB port runs in one of the legacy modes. The
pull-up resistor is either located at the USB -C source (DFP) or inside the cable (if a Type-A to USB-
C cable is used).

The USBBattery Charger standard (BC 1.2) is a legacy mode that was introduced for detecting wall
chargers with USB Type-A connectors at their output. They are still widely used e.g. for mobile
phones having either a USB Micro -B or USB-C receptacle. In the BC 1.2 standard, the charger
(source/DFP) places a resistance smaller than 200 m across the D+ and D - signals of the USB 2.0
signals. The device (sink/ UFP) detects thisresistance, and it is allowed to draw up to 7.5W (1.5A at
5V) without enumerating on the USB bus ( while observing the voltage ).

The BC 1.2 mode is not mandatory in the USB -C specifications. Some sources (DFP)may not
support it, and some sinks (UFP) may not be able to detect it. In this case, they fall back to the
standard USB 2.0 or 3.x power delivery modes. In this case, the clie nt needs to get enumerated by
the host and ask for the current it requires (up to 0.9A for USB 3.x). The host can either  accept or
decline this power request (depending on the available power budget) . If the request was declined
or the sink (UFP) did not g et enumerated, then it is allowed to draw 100mA (USB2.0) or 150mA
(USB3.x) only.

243 Ref erence Schemati cs

The USB ports of the Verdin module can be used in many ways. The following table provides an
overview of the differ reference schematics this design gu ide contains.

: 8 Dual Role / USB 2.0
24311 USB-C High-Speed Dual Role (With Type-C Connector) Client and Host USB-C High-Speed
- Dual Role / USB 3.x
24312 USB-C SuperSpeed Dual Role (With Type-C Connector) Client and Host USB-C SuperSpeed
. - . OoTG/ . USB 2.0
24313 USB High-Speed OTG (With Type Micro-AB Connector) Client and Host Micro-AB High-Speed
24321 USB-C High-Speed Downstream-Facing-Only (With Type- DEP / Host USB-C U_SB 2.0
C Connector) High-Speed
24329 USB-C SuperSpeed Downstream-Facing-Only (With Type- DEP / Host USB-C USB 3.x
C Connector) SuperSpeed
. USB 3.x
24323 USB SuperSpeed Host-Only (With Type-A Connector) Host Type-A SuperSpeed
. . USB 2.0
2.4.3.2.4 USB High-Speed Host-Only (With Type-A Connector) Host Type-A High-Speed
24331 USB-C High-Speed Upstream-Facing-Only (With Type-C UEP / Client USB-C U_SB 2.0
Connector) High-Speed
24332 USB High-Speed Client-Only (With Type Micro-B Client Micro-B USB 2.0
Connector) High-Speed
24341 USB High-Speed Device-Down (Without Connector) Host Device USB 3.x
Down SuperSpeed

Table 13: USB Reference SchematicsOverview

As the additional SuperSpeed USB 3.x data signals are PCle signals at the physical layer.

Therefore, the schematic requirements are like those for PCle. This means AC coupling capacitors
are required. The placement of the capacitors depends on wh ether the USB 3.x device is populated
on the carrier board (device -down) or is connected over a cable. The USB 2.0 data signals do not
need any coupling capacitors.

The SuperSpeed interface consists of a pair of transmitting (TX) and receiving (RX) trace s.
Unfortunately, the names RX and TX can be confusing as the host 6 #ransmitter needs to be
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connected to the device's receiver and vice versa. Usually, the signals are named after the host

until they reach the pins of the device. Therefore, the Verdin mod ule's transmitting pins should be
called TX, while the receiving pins should be called RX on the carrier board. In case of a device-
down implementation, p lease read the datasheet of the USB device carefully to ensure that RX and
TX are not swapped.

2.4.3.1 Dual Role/Client and Host

2.4.3.1.1 USB-C High-Speed Dual Role (With Type-C Connector)

The term USB OTG is only used in conjunction with the USB Micro -AB or the obsolete USB Mini-AB
receptacle. The term OTG is replaced with the name Dual Role Device (DRD) for USB Type -C
receptacles and connectors. Like the old USB OTG, a USB -C DRD can change its role from being a
device to being a host and vice versa. The USB OTG receptacle has been relying on the ID pin for
allocating the host and device roles and identifying whether t he bus power needs to be provided
(depending on if a Type-A or Type-B plug has been connected). USB-C does not feature an ID pin
anymore. The role detection is done by the two Configuration Channel (CC) pins.

5]

= (]

g USB1 D P USB1 D P D+ £
— [0

S D 5 AN S 93le 9 |93 D a

8 N useiDN| 28 |useibnw ~Y Diode D,}%,EQNS:/,?%’.?% 2

= || rRxTXP — B E E— ] oo 3 A R1TX &

o] = o n oln %) 0 o %)

o |usm.0/1.1 o S|> S |bx use.0/1.1| 8

& USB1 ID USB1 ID cc [ol¢ cC cc

% Config Config

\ J \ J \ J \ J
Y Y Y Y
VerdinModule Carrier Board USBTypeCCable USBHost Device

Figure 28: USB-C High-Speed Dual Role (with Type-C connector) block diagram

The CC pins serve multiple purposes on a Type -C connector. They are used for detecting the
connector's orientation in the receptacle, negotiat ing the power delivery parameters (voltage and
current), and negotiat ing the deviced role. A port control IC is used for the CC detection of a DRD
port. The TUSB321 is a suitable option for this purpose. It can translate the CC detection to a USB
OTG ID signal which can be used with the Verdin module. If the port has been negotiated as the
source of the power (Downstream Facing Port , DFP), the VBUS needs to be provided. The TUSB321
can be strapped to announce different current levels to the device. The over -current protection IC
on the carrier board nee ds to be set to a level that complies with the announced current.

The USB 2.0 signals are in the center of the USB Type -C connector. Therefore, the signals of the

top and bottom sides of the connector can be connected together without  the risk of creatin g stubs
with a significant length. This means that no multiplexer is required (if the SuperSpeed signals are
not provided to the connector ).
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Figure 29: USB-C High-Speed Dual Role (with Type-C connector) reference schematic

2.4.3.1.2 USB-C SuperSpeed Dual Role (With Type-C Connector)

The Verdin specification only feature s SuperSpeed signals for the second USB port. This port
supports host mode only. According to the Verdin specifications, the first USB port is a High -Speed
OTG port. Howeve r, some module s (like the Verdin iMX8M Plus) provide the additional

SuperSpeed signals for the first USB port as a Module -specific interface. This makes it possible to
implement a Dual Role SuperSpeed USB -C interface. Since this interface uses Module -specific

interface pins, the implementation is not compatible with the entire Verdin family.

USB1 D_H USB1 D P D
% W Tvs %
Py Diod:
o USB1 D N USB1 D N ~r iode D d it
USB 2.0/1.1 USB 2.0/1.L
2 8
5 |_USBL SSTX | MSP_40 75 ]_SSTX %/ 7
g i . s o P s P =T N
& | USB1 SSTX E g MSP 39 S S+ .%g gé’ gé’ ,%*g g
: ! 25 P e B84 -
Super | 2X 100nF MUX MUX Super
Speed SSTRH &5:/ Speed
USB1 SSRX | MSP 42 _”
RX SKRX2H
USB1 SSRX_| MSP 41 :'%
Diode —”—
DIR 2x 100nF
cc Cq cC cc
Config| Config}
\ J \ J \ J \ J
Y Y Y Y
VerdinModule Carrier Board USB Cable USBHost/Device
Figure 30: USB-C SuperSpeed Dual Role (with Type-C connector) block diagram
The CC pins serve multiple purposes on a Type -C connector. They are used to detect the
connector's orientation in the receptacle, negotiate the power delivery parameters (voltage and
current), and negotiate the device's role. The TUSB321 is a suitable opti on for a port control IC. In
this circuit, it needs to be strapped for negotiating as a Dual Role Port (DRP. This means
depending on the attached USB -C product, it will try to negotiate to be either a host or client port.
If the port acts as a host (DFP), the interface needs to provide the VBUS voltage. The TUSB321 can
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be strapped to announce different current levels to the device. The over -current protection IC on
the carrier board needs to be set to a level that complies with the announced current.

The USB 2.0 signals are in the center of the USB Type -C connector. Therefore, the signals of the
top and bottom sides of the connector can be connected together without  the risk of creating stubs
with significant lengths. However, for the SuperSpeed signals, t his is not possible. A multiplexer IC
is required to route the signals either to the A or B side of the connector, depending on the

connector orientation. The TUSB321 features a direction indicator output that can control the
multiplexer. The multiplexer o utputs have been swapped to simplify the layout in this reference
schematics. This is possible since the CC pins are also switched, and therefore, the direction output
pin changes its polarity.
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Figure 31: USB-C SuperSpeed Dual Role (with Type-C connector) reference schematic

T

2.4.3.1.3 USB High-Speed OTG (With Type Micro-AB Connector)

If the USB signals are externally available, ESD protection diodes must be placed on all USB
signals. Make sure that the protection diodes are USB 2.0 compl iant. The USB signals additionally
require a common mode choke for passing EMI testing. Use common mode chokes that are
specified for High -speed USB 2.0.

8
2 T
= 5]
€ USB1 D P . |usBiDP DHo @ ® 2
5] D U ! O- U ! 2|8 o Q£ @
o % 23 et Vs B e Bk
= usB1DN| 8 < |usBiDN o Diode DE&EU’NS:/WEw% <] o
o [[rxTxP —— 25§ —= YN 0|85 S8 g J rxix| | 8
<) o o Plg0 4 a
8 Juse.0/1.1 20 USR2.0/1.1
%]
=}

\ J \ J \ J \ J

Y Y Y Y
VerdinModule Carrier Board USB Cable USBHost

Figure 32: USB 2.0 OTG (with Type Micro-AB connector) block diagram

The USB_1_ID signal is used to detect which type of USB connector is plugged into the OTG jack
(Micro-AB jack). When a Micro -A connector is inserted, the ID pin is connected to signal ground,
causing the OTG port to be configured as a host. If a Micro -B USB conrector is inserted, the ID pin
is left unbiased, and the OTG port is configured as a client device. For the USB_1_ID signal, a pull -
up resistor to 1.8V is needed.

The USB_1_VBUS input signal is only used if the OTG port is in client mode (Micro -B USBconnector
plugged in). The signal is used to detect whether a host is connected to the other end of the USB
cable. This signal is 5V tolerant and can be connected directly to the power supply pin of the USB
jack. ESD protection diodes should be used for th is signal.
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The USB_1_EN signal enables the USB bus power supply if a Micro -A USB connector is plugged in.
The USB_1 EN signal has an I/O voltage level of 1.8V. A simple level shifter may be required

depending on the power switch IC.

A USB-compliant desi gn needs to detect over -current on the provided bus power output. The

output rail needs to be turned off if an over

-current condition occurs. The USB_1_ OC# signal is

used to notify the module that an over -current condition has occurred. This signal is acti ve-low and

requires a pull -up resistor to 1.8V on the carrier board.
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Figure 33: USB 2.0 OTG (with Type Micro-AB connector) reference schematic

24.3.2

Downstream-Facing / Host-Only

2.4.3.2.1 USB-C High-Speed Downstream-Facing-Only (With Type-C Connector)

A Downstream Facing Port (DFP) is a USB-C port that can act only as a host. The second USB port
of the Verdin module is intended to be used as a host port. However, it would be possible to
implement a DFP interface also with the first USB port of the Verdin module.
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2 W e oo T ~ 8
o Diod 8 8 a
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Figure 34: USB-C High-Speed DFR Only (with Type -C connector) block diagram
The CC pins serve multiple purposes on a Type -C connector. They are used to detect the
connector's orientation in the recepta cle, negotiate the power delivery parameters (voltage and
current), and negotiate the device& role. Even though the connector orientation information is not
required in this example , and the role is fixed, a port control IC is still recommended for the po  wer

negotiation. The TUSB321is a suitable option for this purpose. The TUSB321 can be strapped to
announce different current levels to the device. The over -current protection IC on the carrier board
needs to be set to a level that complies with the announ ced current.
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The USB 2.0 signals are in the center of the USB Type -C connector. Therefore, the signals of the

top and bottom sides of the connector can be connected together without  the risk of creating stubs
with a significant length. No multiplexer is required (if the SuperSpeed signals are not provided to
the connector).
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Figure 35: USB-C High-Speed DFROnly (with Type -C connector) reference schematic

2.4.3.2.2 USB-C SuperSpeed Downstream-Facing-Only (With Type-C Connector)

The Verdin specification only feature s SuperSpeed signals for the second USB port. This port
supports host mode only. The port cannot be used as a client. Therefore, a USB -C implementation
on this port needs to follow this limitation and implement a Downstream  -Facing Port (DFP) only.
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Figure 36: USB-C SuperSpeed DFROnly (with Type-C connector) block diagram

The CC pins serve multiple purposes on a Type -C connector. They are used for detecting the
connector's orientation in the receptacle, negotiat ing the power delivery parameters (voltage and
current), and negotiat ing the device's role. The TUSB321 is a suitable option for a port control IC.
In this circuit, it needs to be strapped for negotiating for the Downstream -Facing Port (DFP) role
only. This means that it will try to negotiate to be a host port. In the role of a DFP, the interface
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needs to provide the VBUS voltage. The TUSB321 can be strapped to announce different current
levels to the device. The over-current protection IC on the carrier board needs to be set to a level
that complies with the announced current.

The USB 2.0 signals are in the center of the USB Type -C connector. Therefore, the signals of the
top and bottom sides of the ¢ onnector can be connected together without the risk of creating stubs
with significant lengths. However, for the SuperSpeed signals, this is not possible. A multiplexer IC
is required to route the signals either to the A or B side of the connector, dependi  ng on the
connector orientation. The TUSB321 features a direction indicator output that can control the
multiplexer. The multiplexer outputs have been swapped to simplify the layout in this reference
schematics. This is possible since the CC pins are also switched, and therefore, the direction output
pin changes its polarity.
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Figure 37: USB-C SuperSpeed DFROnly (with Type -C connector) reference schematic

an

2.4.3.2.3 USB SuperSpeed Host-Only (With Type-A Connector)

The USB_2 port of the Verdin module specifications reserves additional SuperSpeed signals, which
makes it possible to provide a USB 3.x host interface. The SuperSpeed signals are physically

related to the PCle interface. Therefore, special attention is required with the series cap  acitors. The
AC coupling capacitors of the TX SuperSpeed signals are located on the Verdin module, while the
capacitors for the RX signals are located on the USB device. Therefore, no additional capacitors are
required nor permitted on the carrier board. T he USB 2.0 data signals do not need any series
capacitors at all.

If the USB signals are externally available, ESD protection diodes need to be placed on all the USB
signals. Ensure that the protection diodes are compliant with USB 3.x.
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Figure 38: USB 3.x Host-Only (with Type -A connector) block diagram

Please note that a Type-A USB 3.x compliant host port needs to provide up to 900mA bus power,
while the USB 2.0 ports were only rated at up to 500mA for a regular, non -charging por t. Ensure
that the bus voltage power distributor switch IC can deliver this higher current. According to the
USB specifications, an output capacitor of at least 100uF needs to be added to the USB bus
voltage. However, due to tolerances and DC bias capacity degradation of ceramic capacitors, a
minimum capacitance of 150uF is recommended.
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Figure 39: USB 3.x Host-Only (with Type-A connector) reference schematic

2.4.3.2.4 USB High-Speed Host-Only (With Type-A Connector)
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Figure 40: USB 2.0 Host-Only (with Type-A connector) block diagram

Limiting the USB host port to USB 2.0 can cut costs on the carrier board. Additionally, not all
Verdin modules support the SuperSpeed signals for the USB_2 port. Implementinga USB 2.0 host
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port means that the SuperSpeed signals of the module edge connector can be left unconnected.
Since the USB 2.0 specifications limit the output current to 500mA, the power budget on the 5V
rail may be reduced, which can be another cost saver.
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Figure 41: USB 2.0 Host-Only (with Type-A connector) reference schematic

2.4.3.3 Upstream-Facing / Client-Only

2.4.3.3.1 USB-C High-Speed Upstream-Facing-Only (With Type-C Connector)

Similar to the previous example with the client -only USB Micro-B connector, it is possible to reduce
the USB-C implementation to an Upstream -Facing Port (UFP). In this case, the Verdin module
could only be used as a client (for example, for the recovery mode or an RNDIS client). The host
function (Downs tream -Facing Port, DFP) is not possible with this approach.
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Figure 42: USB-C High-Speed UFR-Only (with Type-C connector) block diagram

In this approach, the configuration channel IC is no longer needed. Two simple 5.1k Y pull-down
resistors are sufficient to tell the other side of the USB -C connection that the port only supports
UFP. It is essential to have two individual resistors. Otherwise, the port would be wrongly identified
as an accessory port.
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Figure 43: USB-C High-Speed UFR-Only (with Type -C connector) reference schematic

2.4.3.3.2 USB High-Speed Client-Only (With Type Micro-B Connector)
The schematic diagram can be simplified if the USB_1 port is used only as a client interface (e.g. if

only used for the recovery mode).
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Figure 44: USB 2.0 Client-Only (with Type Micro-B connector) block diagram

The USB_1 EN, USB_1 OC#and USB_1 ID pins are not used in this configuration. The USB_1 EN

pin can be left unconnected. The US B_1 OC# should be pulled up to 1.8V or disabled in

software.

The USB_1 _ID pin needs to be pulled up to 1.8V, or the OTG port must be configured to a client -

only mode in software.

The USB_1 VBUS pin can be connected directly to the USB bus power supply of the USB Micro-B
connector. This signal is needed to indicate to the system that a host is connected at the other end

of the USB cable.
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Figure 45: USB 2.0 Client-Only (with Type Micro -B connector) reference schematic

2.4.3.4 Device-Down

2.4.3.4.1 USB High-Speed Device-Down (Without Connector)

Device-Down means that the USB device is soldered to the carrier board. The AC coupling

capacitors for the SuperSpeed RX lane (TX from the device) must be placed on the carrier board. As
the TX lane's capacitors are located on the Verdin module, no additio nal capacitors are required or
permitted on the TX lines.

ESD protection diodes and common -mode chokes are usually not needed for device -down
implementations.

Figure 46: USB 3.x Device-Down (without connector) block diagram
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