Smsc® AN 18.16

SUCCESS BY DESIGN

PCB Design Guidelines
for USB224x/i &
USB225x/i Controllers

1 Introduction

This application note provides information on general printed circuit board (PCB) layout considerations
for the USB224x/i and USB225x/i products.

1.1 References

= Datasheets
- USB224x/i and USB225x/i products
http://www.smsc.com/main/catalog/usbprods.html

= Application Notes
- AN18.15, PCB Design Guidelines for QFN and DQFN packages
- AN 9.18, SMSC USB 2.0 Analog Routing Guidelines
http://www.smsc.com/main/cpappnotes.html

1.2 Audience

This application note is written for readers that are familiar with PCB design, including signal integrity
and thermal management implementation concepts.

1.3 Objective

The goal of this document is to provide implementation information that is specific to designing PCBs
using SMSC’s USB224x/i and USB225x/i products.

1.4 Overview

Successful operation of the USB224x/i and USB225x/i Ultra Fast USB 2.0 Flash Media Controllers
require special considerations for printed circuit board layout. This application note describes important
items to consider for PCB layout. SMSC suggests that all implementations are confirmed through your
PCB fabricator and your PCBA assembler.

2 PCB Layout Guidelines

The guidelines presented are applicable to SMSC’s USB224x/i and USB225x/i Ultra Fast USB 2.0
Flash Media Controllers and supersede earlier notes.

The following recommendations are suggestions based on SMSC'’s experience and knowledge and
may be accepted or rejected. SMSC does not guarantee any design. Each company is responsible
for determining the suitability of its own design.
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2.1 Ground Distribution

This family of controllers exercises the target media at very high speeds. The USB interface is also
high speed. This environment requires that the ground return path from connectors and sockets to the
media controller need to be substantial and contiguous.

2.1.1 Return Path
A return path must exist for each signal flowing between the device and its destinations. A solid ground

plane on the layer just below the device is preferred. All ground floods should connect together. Careful
consideration should be given to the integrity of the return path for each connection.

2.1.2 Reduce Inductance

All ground connections from the media controller in QFP packaging should be applied with very low
inductance to the ground plane (For example, trace width => pad width and short).

2.1.3 “Flag” is the ONLY Ground

All ground connections from the media controller in QFN packaging are done through the “flag”. QFN
packages generally have a row (QFN) or two (DQFN) of perimeter pads (“pads”) around a larger
central pad (“flag” or “Epad”) encapsulated in a plastic body.

The flag use is two-fold:
= as the primary thermal conduction path to remove package heat,

= and for the device’s only ground.

To address these issues, the following constraints are imposed for the use of these packages:

Use as many vias as can practically fit within the flag. For example, this number should be at least
eight vias for 36-pin devices and at least 16 vias for 6 mm x 6 mm flags. Use vias with a finished hole
size (FHS) of 0.28 mm to 0.5 mm for best results. “Flood over” these vias rather than using isothermal
pads to improve their thermal conductivity and to prevent ground plane isolation issues.

Figure 2.1 Effective Via Placement

a. The more vias that are used, the better the thermal conduction to the internal ground planes (if any
exist) as well as to thermal radiation and conduction floods or features on the opposite side of the
PCB.

b. The more vias placed within the flag and near its edges, the shorter the loop area to the internal
device circuitry. This design method will reduce the signal return lengths. See AN 18.15 for further
details (http://www.smsc.com/main/cpappnotes.html).

c. Avoid routing between the flag and the pads of a QFN device.
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Figure 2.2 Routing Between the Flag and Pins Increases Shorting Risk - AVOID

Routing and vias between the flag and the pads can easily be shorted to either the flag or to the pads
because of the physical dynamics of the solder under the device. Shorts can occur to traces and,
especially, vias even if they are covered by soldermask. This condition occurs because the trace edges
(crowns), via pad edges, and especially via hole edges can be exposed particularly after thermal
cycling during soldering processes.

Though via tenting (capping) and via plugging can reduce the occurrences of these effects, it is less
expensive and more certain to avoid putting traces or vias under the device in the first place.

2.2 Power Distribution

The USB224x/i and USB225x/i family of devices are supplied by a single +3.3 V supply. However, they
use multiple power rails internally. Generally, it is easy to support these devices at PCB layout because
of this device family’s carefully designed power/ground pinout.
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Figure 2.3 lllustrated Signal Types
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2.2.1 Isolate Digital and Analog Power Paths

Currents flowing through the digital VDD circuits should not flow through the analog VDDA circuits. To
achieve this condition, apply power/ground “moating”, circuit and ground isolation, or other relevant
techniques as needed. The analog circuits are the crystal circuit, the RBIAS circuit, the USB I/F
circuits, and the VDD18 circuits.

2.3 Bypass Capacitors

UL KEY

mm Power Signals
== Ground Signals

Bypass Capacitors

Figure 2.4 Example of Effective Bypass Routing

2.3.1 Bypass Connections

Ideally, all of the capacitors used for bypass should be connected so that the power signal
originates at the rail source, then connects to the capacitor, and finally to the media controller pin.

The less the bypass routing conforms to this ideal, the less effective it will be.

The connections between the device and the capacitors should have low inductance (ex., short and
wide connections). The ground connections to these capacitors should be very low inductance.
Consider using double vias for the plane connections to divide the effect of the via's impedances.

The 4.7 uF — 10 uF ceramic, low-ESR capacitors on VDD33 are used by the internal 1.8 V
regulators and should be placed near the VDD33 pins nearest to the VDD18 pins.

The capacitors on the VDD18 rails are used by the internal regulators and should be connected
with very low inductance routing.

Capacitors of 0.1 puF and lower value on VDD33 are digital decoupling capacitors.

24 CRD_PWR

Power to the media devices is provided through the media controller through internal FETSs, saving
cost and real estate on the PCB. These power rails need capacitors to store large enough charges to
support the media that is attached to the interfaces. They also need normal bypass capacitors. The
traces need to be wide enough to supply current to the attached media without significant voltage drop.
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2.5 Analog Signal Considerations
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Figure 2.5 Typical Analog Signal Routing
25.1 RBIAS Resistor

The USB224x/i and USB225x/i products use an external resistor to set a bias current for internal
circuitry like many other SMSC devices. This resistor is a very sensitive analog input.

RBIAS
Routing
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Figure 2.6 Effective vs. Defective RBIAS Resistor Routing

25.1.1 RBIAS Signal Routing

The resistor should be connected with a short trace to the RBIAS pin of the device to reduce signal
coupling from other circuits.

2.5.1.2 RBIAS Return Routing

The return ground on the RBIAS resistor should flow directly to the VSS pin nearest to the RBIAS pin
on the media controller. The ground via on the RBIAS resistor should NOT be shared with any other
devices, especially bypass capacitors. On QFN packages, the return ground should connect with a low
inductance connection to ground that is not shared with other circuits.
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2.5.2 USB Signal Routing

The USB lines are constrained by the USB 2.0 specification. Critical conditions for the lines are
detailed in this document:

2.5.2.1 Differential Impedance

The USB traces must be routed with a Zdiff of 90 Q +/-10 Q. Experimental data shows that traces with
a zdiff on the higher end of that range (94 Q -100 Q) accommodate a wider range of system issues
than traces with lower Zdiff values.

2.5.2.2 Differential Routing

The USB traces must be routed as differential pairs. They must not be exposed to cross-talk from
adjacent lines. Maintain a routing spacing (gap) of at least three to five times the differential spacing
between USB signals and signals outside of the USB pair.

Example: If the differential spacing is 7 mils, the spacing to signals not in the USB pair will be
21 mils — 35 mils.

2.5.3 Crystal Oscillator

XTAL1 and XTAL2 are the crystal oscillator connection pins.

2.5.3.1 XTAL1 and XTAL2 Routing

The crystal oscillator pins should route directly to the crystal pins and their associated load capacitors
and bias resistor. Route foreign traces no closer than five times the minimum trace spacing to these
traces.

2.6 Digital Signal Considerations

Example Media Interface Routing Plan 1. Route from Media controller to the xD connector,

2. Route from the xD connector to a T-region midway between the
SD/MMC connector and the MS connector.
3A. Route from the T-region to the SD/MMC connector.
3B. Route from the T-region to the MS connector.

Constraints:

A. Routing stubs at the xD connector must be near zero length.

B. Match the route length of the timing-sensitive signals within the paths (1)+(2)+(3A)

and (1)+(2)+(3B) per 2.6.1.

. C. Match each stub of each of the timing-sensitive signals in path 3A to its stub in
Media Controller path 3B, +/- 1.0".

v
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" - / "‘“\_&
(3A)
(2) (

xD SD | MMC4.0 MS Pro-HG

Figure 2.7 Example Routing Plan for the Media Interface Signals
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Media Signal Trace Lengths

Signal Timing to Hi-Speed media can be critical. Route all timing-sensitive media signals so that they
are the same length, +/- 0.5 inches.

SD_CLK

Route all other traces, including other SD interface signals, no closer than three times the minimum
trace spacing to these traces. Five times the minimum spacing is even more effective.

MS_CLK

Route all other traces, including other MS interface signals, no closer than three times the minimum
trace spacing to these traces. Five times the minimum spacing is even more effective.

CF_IORDY

Route all other traces, including other CF interface signals, no closer than three times the minimum
trace spacing to these traces. Five times the minimum spacing is even more effective.

Routing Multiplexed Signals

The media interface signals on the USB224x/i are multiplexed together. This condition presents an
additional challenge to the PCB designer of properly routing this multiplexed signal path. Please refer
to Figure 2.7 on page 6.

1. Route the media interface signals from the media controller to the xD socket.

2. Then, route the media interface signals from the xD socket at or near zero length stubs to a T-
region near the SD/MMC and MS connectors.

3. Route the stubs from the T-region to the SD/MMC connector.

4. Route the stubs from the T-region to the MS connector.

Notes: Stubs at the xD connector need to be zero or near zero in length. Stubs from the T-region to
SD/MMC and MS connectors need to be minimized and balanced so that the lengths are

matched per Figure 2.7 on page 6. This method reduces the reflection effects on the signals
in Hi-Speed use. The CD signals (SD_nCD and MS_INS) do not require length matching.
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Copyright © 2011 SMSC or its subsidiaries. All rights reserved.

Circuit diagrams and other information relating to SMSC products are included as a means of illustrating typical applications. Consequently, complete information sufficient for
construction purposes is not necessarily given. Although the information has been checked and is believed to be accurate, no responsibility is assumed for inaccuracies. SMSC
reserves the right to make changes to specifications and product descriptions at any time without notice. Contact your local SMSC sales office to obtain the latest specifications
before placing your product order. The provision of this information does not convey to the purchaser of the described semiconductor devices any licenses under any patent
rights or other intellectual property rights of SMSC or others. All sales are expressly conditional on your agreement to the terms and conditions of the most recently dated
version of SMSC's standard Terms of Sale Agreement dated before the date of your order (the "Terms of Sale Agreement"). The product may contain design defects or errors
known as anomalies which may cause the product's functions to deviate from published specifications. Anomaly sheets are available upon request. SMSC products are not
designed, intended, authorized or warranted for use in any life support or other application where product failure could cause or contribute to personal injury or severe property
damage. Any and all such uses without prior written approval of an Officer of SMSC and further testing and/or modification will be fully at the risk of the customer. Copies of
this document or other SMSC literature, as well as the Terms of Sale Agreement, may be obtained by visiting SMSC'’s website at http://www.smsc.com. SMSC is a registered
trademark of Standard Microsystems Corporation (“SMSC"). Product names and company names are the trademarks of their respective holders.

SMSC DISCLAIMS AND EXCLUDES ANY AND ALL WARRANTIES, INCLUDING WITHOUT LIMITATION ANY AND ALL IMPLIED WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, TITLE, AND AGAINST INFRINGEMENT AND THE LIKE, AND ANY AND ALL WARRANTIES ARISING FROM ANY COURSE
OF DEALING OR USAGE OF TRADE. IN NO EVENT SHALL SMSC BE LIABLE FOR ANY DIRECT, INCIDENTAL, INDIRECT, SPECIAL, PUNITIVE, OR CONSEQUENTIAL
DAMAGES; OR FOR LOST DATA, PROFITS, SAVINGS OR REVENUES OF ANY KIND; REGARDLESS OF THE FORM OF ACTION, WHETHER BASED ON CONTRACT,
TORT, NEGLIGENCE OF SMSC OR OTHERS; STRICT LIABILITY; BREACH OF WARRANTY; OR OTHERWISE; WHETHER OR NOT ANY REMEDY OF BUYER IS HELD
TO HAVE FAILED OF ITS ESSENTIAL PURPOSE, AND WHETHER OR NOT SMSC HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
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