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INTRODUCTION

The purpose of this application note is to provide a list of items that need to be considered when designing systems that
incorporate the following categories of Microchip USB products:

e USB 2.0 Hubs

¢ USB 3.1 Gen 1 Hubs

* Flash Media Controllers

* Flash Media Controller Hub Combo

* USB Transceivers

The target audience of this document is system engineers and layout professionals who are familiar with industry stan-

dard practices. This application note must be used in conjunction with the device data sheet, reference design, and other
relevant application notes.

Overview

This document includes the following chapters:
¢ Schematic Guidelines
¢ Layout Guidelines

Each chapter begins with a sub-section on the general design considerations for all products. Subsequent sub-sections
detail design considerations for specific product categories and their applications. The order of these lists are arbitrary.

References

» Application Notes:
- AN 18.16, PCB Design Guidelines for USB223x/i & USB225x/i Controllers
- AN 26.2, Implementation Guidelines for Microchip’s USB 2.0 and USB 3.1 Gen 1 Hub Devices
- AN 18.15, PCB Design Guidelines for QFN and DQFN Packages
- AN 19.17, ULPI Design Guide
- WP 2.10, PCB Design for WLCSP BGA Packages
« The data sheet for the respective product(s)
» Applicable USB specifications and ECNs available at ush.org
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AN 26.21

1.0 SCHEMATIC GUIDELINES

1.1 General Considerations

o A. Confirm the pin-out functions of the schematic symbol of the USB product matches what is provided in
the product data sheet.

o B. For designs with exposed USB connectors, connect the USB cable shield to digital ground with an RC
network. Refer to the Microchip AN 26.2 application note for additional details.

FIGURE 1-1: SHIELD TO DIGITAL GROUND CONNECTION
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o C. Ensure that the power rails, such as VDD12 or VDD33, are not noisy and are stable and accurate across
all power consumption ranges. Refer to the Microchip AN 26.2 application note and the product data sheets
for additional details.

o D. RESETn should be asserted buy a supervisory circuit when either VDD12 or VDD33 are below their
thresholds or asserted under manual or host control. Refer to the Microchip AN 26.2 application note for addi-
tional details.

o E. To use in-system OTP programming through SMBus, SM_DAT should be pulled up with an external
resistor and SM_CLK should be pulled down with an external resistor. The programmer pulls SM_CLK up
with a resistor when connected to the PCB. Refer to the Microchip AN 26.2 application note for additional
details.

o F. Make sure that the crystal and load capacitors are chosen correctly for proper operation. Refer to the
product data sheet for additional details.

o G. If the Microchip product has internal regulators, place regulator capacitors on the regulator pins as
described in the product data sheet.

o H. Internal regulators of the Microchip product must have the proper input voltage. No external voltage
should be applied to the output of these internal regulators. Refer to the product data sheet for additional
details.

o I. Place a 2.2uF capacitor on upstream Vbus to comply with the USB-IF decoupling capacitance require-
ments with margin for capacitor tolerances. Refer to the USB 2.0 Specification for additional details.

o J. VBUS_DET should be connected to the upstream VBUS through a resistor divider for stand-alone appli-
cations. Embedded applications should actively control this pin with a 3.3V signal. Refer to the Microchip AN
26.2 application note for additional details.

o K. The Rbias resistor must be the correct value and have, at worst, a 1% tolerance. Refer to the product
data sheet for additional information.

o L. Pinsthat are identified as no connect should not be connected to any net. Refer to the product data sheet
for additional information.

o M. Ensure that the product is configured correctly by either puling the relevant strap pins up/down appropri-
ately, or via SMBus/I®C. Refer to the product data sheet for additional information.
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o N. Ensure that any SPl or EEPROM devices are compatible with the Microchip product. Refer to the product
data sheet for additional information.
111 USB2.0 SIGNALS
o A. Do notuse common mode chokes unless needed. Chokes must have a DIFFERENTIAL IMPEDANCE of
90 ohms. Refer to the Microchip AN 26.2 application note for additional details.
1.1.2 USB 3.1 GEN 1 SIGNALS

o A. Do not use common mode chokes unless needed. Chokes must have a DIFFERENTIAL IMPEDANCE of
90 ohms. Refer to the Microchip AN 26.2 application note for additional details.

o B. Do not place ESD protection ICs on SuperSpeed Tx and Rx differential pairs unless proven necessary.
Refer to the Microchip AN 26.2 application note for additional details.

1.2 USB Hubs

o A. The PRT_PWR/PRT_CTL pins should be connected to the USB Power switch IC with an open drain
overcurrent signal when using individual port power for exposed downstream ports.

o B. Fordownstream embedded devices, the appropriate PRT_PWR or PRT_CTL pin should be connected to
the input of the downstream device that controls its enumeration.

o C. Place a 150uF capacitor on Vbus pin on any exposed downstream ports to comply with the USB-IF
requirements with margin for capacitor tolerances. Refer to USB 2.0 Specification.

1.3 Flash Media Signals
o A. Place a capacitor on CRD_PWR pins with the appropriate value to meet the system requirements.

o B. Ensure that the flash media card connector’s card detect and write protect switch logic are compatible
with the respective inputs to the controller. Refer to the product data sheet for additional information.

o C. Ifthe flash media card connector’s card detect or write protect switches are connected to the shield,
make sure that the shield is connected to ground appropriately.
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2.0 LAYOUT GUIDELINES

2.1 General Considerations

o A. Place RBIAS, bypass capacitors, and crystal components close to the respective pins. Refer to the
Microchip AN 26.2 application note for additional details.

o B. Place electrically noisy devices, including switching regulators, far away from the hub circuit, RBIAS,
crystal, and USB differential pairs. Refer to the Microchip AN 26.2 application note for additional details.

o C. Use a thin dielectric between PCB signal-to-plane layers. See AN 26.2 for more information.

o D. The connection of bypass capacitors to their pins, and to power and ground, must be low inductance
(short and very wide traces). Refer to the Microchip AN 26.2 application note for additional details.

FIGURE 2-1: EXAMPLE BYPASS CAPACITOR PLACEMENT AND ROUTING

o E. Fill the ground flag with vias to the ground plane layer, especially around the periphery of the flag. Refer
to the Microchip AN 26.2 application note for additional details.

o F. RBIAS must be connected to the ground plane nearest to the RBIAS pin on the hub. This return path
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must not be shared with any other components. Refer to the Microchip AN 26.2 application note for additional
details.

o G. Remove pin pads of through-hole USB connectors on unused layers and increase clearances. Refer to
the Microchip AN 26.2 application note for additional details.

FIGURE 2-2: THROUGH HOLE PAD-STACK

(Cross-Sectional View)
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o H. Use surface mount USB connectors whenever possible. For through hole USB connectors, propagate
the USB signals through the end of the through hole pin either by mounting the connector on the opposite

side of the PCB or through the use of vias. Refer to the Microchip AN 26.2 application note for additional
details.

o I. Route foreign traces no closer than 5 times the minimum trace spacing to crystal traces. Refer to the
Microchip AN 26.2 application note for additional details.

o J. Avoid routing between the ground flag and the pads for a QFN device. Refer to the Microchip AN 18.15
application note for additional details.
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FIGURE 2-3: POOR QFN ROUTING

NOT
GOOD

o K. Route crystal traces at least 5 times the minimum trace spacing away from other traces. Refer to the
Microchip AN 26.2 application note for additional details.

o L. When using WLCSP products, the land pattern should conform to that described in WP 2.10.

211 HSIC SIGNALS

High-Speed Inter-Chip USB is a two-wire, single-ended signaling method that uses the USB 2.0 protocols for commu-
nication between ICs in a system. The interface is specifically High-Speed. Refer to the High-Speed Inter-Chip USB
Electrical Specification (USB.org) for details.

o A. Match the Strobe and Data trace lengths to within 0.5 mm (0.020").

o B. The Strobe and Data lines must be 2 — 10 cm (0.79 — 3.94") long.

o C. Route Strobe and Data as single-ended traces, NOT as a differential pair.

o D. Space the Strobe and Data lines at least 0.65 mm (0.025”) from each other and from any other traces.
o E. Confirm that the characteristic trace impedance (Zchar) is 45 — 55 Ohm.
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2.1.2 USB2.0 SIGNALS

o A. Maintain a routing spacing to foreign traces of at least 3 times the differential spacing between high
speed DP and DM. Refer to the Microchip AN 26.2 application note for additional details.

o B. The length of SuperSpeed USB differential pair traces must be within 0.13mm of each other. Refer to the
Microchip AN 26.2 application note for additional details.

o C. The differential impedance of USB 2.0 signals (DP and DM) must be 90 ohms +/- 15%. Microchip sug-
gests 90 ohms +/- 10%. Refer to the USB 2.0 specification for additional information.

2.1.3 USB 3.1 GEN 1 SIGNALS
Note: Refer to AN 26.2 for more information on these items.

o A. The differential impedance of USB 3.1 Gen 1 signals (RX+/- & TX+/-) should be 90 ohms +/- 7 ohms.
Refer to the USB 3.1 Gen 1 specification for additional information.

o B. Place 0.1uF SS_TX AC coupling capacitors near the USB connectors.

o C. Keep SuperSpeed traces as short as possible, on outer layers, and over unbroken ground planes.
Traces longer than 6 inches may degrade signal quality.

o D. Maintain a routing spacing to foreign traces of at least 5 times the differential spacing between Super-
Speed lines.

o E. Eliminate or minimize the number of vias on USB 3.1 Gen 1 signals whenever possible. The +/- signals in
the each USB 3.1 Gen 1 differential pair can be swapped for easier routing. See the product data sheet for
more information on PortSwap.

o F. The length of a SuperSpeed USB differential pair traces must be within 0.13mm of each other.

2.2 USB Hubs

o A. The VBUS path to each downstream port must be wide and have very low impedance.

2.3 Flash Media Signals
Note:  Refer to the Microchip AN 18.16 application note for more information on the following items.
o A. The CRD_PWR traces must be wide enough to not produce a significant voltage drop.

o B. Unless otherwise specified in the product data sheet, route all time-sensitive media so that they are the
same length, +/- 0.5 inches.

o C. Route all other traces, including other SD interface signals, at least three times the minimum trace spac-
ing away from SD_CLK.

o D. Route all other traces, including other MS interface signals, at least three times the minimum trace spac-
ing away from MS_CLK.

o E. Route all other traces, including other CF interface signals, at least three times the minimum trace spac-
ing away from these traces.

o F. The multiplexed media interface signals must be routed to the connectors with minimal stubs.

24 USB Transceivers

o A. Processors/SoCs vary greatly in their timing specification for the ULPI bus. It is recommended to keep all
ULPI traces less than 3 inches. However, consult your processor/SoC vendor for exact specifications.

o B. If deemed necessary via simulation, place a series termination resistor near the clock source. Refer to
the Microchip AN 19.17 application note for additional details.

o C. Isolate the ULPI signals from adjacent signals and supplies. Refer to the Microchip AN 19.17 application
note for additional details.
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APPENDIX A: APPLICATION NOTE REVISION HISTORY

TABLE A-1: REVISION HISTORY
Revision Level & Date Section/Figure/Entry

DS00001863B (08-06-15) | All

Correction

Updated “USB 3.0” references to “USB 3.1 Gen 1"
throughout the document

DS00001863A replaces former SMSC version Rev. 1.0 (06-26-13)

Section 2.1.1, HSIC Signals | Added section
All Initial Release

DS00001863A (11-13-14)

Rev. 1.0 (06-26-13)
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the
intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device applications and the like is provided only for your convenience and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications. MICROCHIP MAKES NO
REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE,
MERCHANTABILITY OR FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Micro-
chip devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend, indemnify and hold
harmless Microchip from any and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or
otherwise, under any Microchip intellectual property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC, FlashFlex, flexPWR, JukeBlox, KEELOQ, KEELOQ logo, Kleer, LANCheck,
MediaLB, MOST, MOST logo, MPLAB, OptoLyzer, PIC, PICSTART, pPIC32 logo, RightTouch, SpyNIC, SST, SST Logo, SuperFlash and
UNI/O are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

The Embedded Control Solutions Company and mTouch are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, BodyCom, chipKIT, chipKIT logo, CodeGuard, dsPICDEM, dsPICDEM.net, ECAN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, KleerNet, KleerNet logo, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK,
MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, RightTouch logo, REAL ICE, SQI, Serial
Quad I/0, Total Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

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

All other trademarks mentioned herein are property of their respective companies.
© 2013 - 2015, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.

ISBN: 9781632776600

QUALITY MANAGEME NT SYSTEM Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
CERTIFIED BY DNV Tempe, Arizona; Gresham, Oregon and design centers in California

and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
— ISO/TS 1 694.9 — devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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