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1 Introduction
The i.MX family multimedia application processors, such as 
i.MX31 and i.MX27, contain three separate USB 2.0 
compliant modules—two dedicated USB host modules and 
one dual-role On-The-Go (OTG) module. The i.MX25 and 
i.MX35 processors contain one integrated host and one OTG 
port each. The dual-role OTG module can be used as a USB 
host, device, or an OTG port.

The host and OTG modules can be interfaced with serial 
transceivers for Full-Speed (FS) connection, or optional 
UTMI+ Low Pin Interface (ULPI) transceivers to provide 
High-Speed (HS) connectivity. The flexibility provided by 
the modules imply that there are a number of possible 
hardware configurations that allow different functionalities.

This application note shows block diagrams for possible 
configurations, and also discusses some hardware 
implementation issues. This application note does not 
discuss about the software development for USB.
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2 USB Host Hardware Configuration
The i.MX27 and i.MX31 processors have two dedicated USB host modules—one is Full-Speed 
(FS)/Low-Speed (LS) only, which is interfaced with an external serial transceiver, and the other is 
High-Speed (HS capable, also compatible with FS/LS), which is interfaced with an optional ULPI or serial 
transceiver.

Figure 1 shows a hardware setup of the FS/LS USB host module.

Figure 1. FS/LS USB Host Module
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Figure 2 shows the connections for HS Host/OTG with ULPI transceiver.

Figure 2. HS Host/OTG with ULPI Transceiver

2.1 Resistors
The 33 Ω series termination resistors are recommended for the FS/LS USB transceiver. These series 
termination resistors must be placed as close as possible to the transceiver to maximize the eye diagram 
for the data lines.

For the HS ULPI USB transceiver (that is, ISP1504 from NXP and USB3317 from SMSC), the D+/D- 
lines of the transceiver must be connected to the USB receptacle directly, without any series termination 
resistors. Optional Electro Static Discharge (ESD) circuit is recommended on the D+/D- lines for both FS 
and HS transceivers to improve safety and reliability.

The FS/LS USB host operation also requires 15 KΩ pull-down resistors on both the D+ and D- lines, but 
the HS USB host does not require external pull-down resistors on the D+/D- lines. Refer to USB 2.0 
specifications and Section 4, “USB Layout Considerations‚” for more information.

2.2 USB Connectors
A USB host uses a type-A connector. There are two different versions of A receptacle—a typical 
standard-size A receptacle, and a mini-A (usually combined with mini-B and mini-AB receptacle) or a 
micro-A receptacle. The USB 2.0 standard supports only the standard A receptacle, while the OTG 
supplement adds support to the mini-A receptacle too. A mini-A to standard-A receptacle adapter is 
commonly available if mini-A receptacle is used.
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The impact of cabling costs, board costs, and form factor must be considered when selecting which USB 
connector to use in a design.

2.3 VBUS
The i.MX processor does not include a signal for supplying the 5 V VBUS power for USB. An external 
power management chip or discrete logic for enabling VBUS is required for the host operation. The power 
distribution circuit must have over-current detection capability to be compliant with the USB standard.

For FS transceiver, using General Purpose Input/Output (GPIO) pads of the i.MX processor as OE 
(USBHOST_VBUS_EN) and OC (USBHOST_VBUS_OC) for the VBUS power distribution circuit is 
recommended (Figure 1). Most ULPI transceivers have a pair of VBUS_EN (Output) and FAULT (Input) 
pins (Figure 2). Some ULPI PHY even have a built-in charge pump to drive the VBUS. Refer to the 
specification of the particular ULPI transceiver for more information.

A switch designed specifically for USB power, such as the Maxim MAX1931, or a general purpose 
power-distribution chip, such as Micrel’s MIC2026, can be used.

3 USB OTG Connections
The i.MX OTG controller can be used either as a USB host or as a USB device (also known as a USB 
peripheral or function).

Figure 3 shows a typical hardware setup for the OTG controller that acts as a dual-role USB device with 
external ULPI transceiver.

Figure 3. OTG with ULPI Transceiver
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3.1 Resistors
The ULPI transceiver includes on-chip series termination resistors and programmable pull-up/pull-down 
resistors for the D+ and D- lines. This implies that the D+/D- lines from the ULPI transceiver must be 
connected to the receptacle directly, and optional ESD circuit is recommended for the ULPI transceiver.

3.2 VBUS
Some ULPI PHY (that is, ISP1504 from NXP) can source a VBUS supply, when acting as a host. However, 
there are certain limitations when using the charge pump on the PHY (refer to the specification of the 
particular PHY for more information). For applications where large current is needed on the VBUS supply, 
an external VBUS power switch can be used.

Some ULPI PHY (that is, USB3317 from SMSC) do not provide the charge pump for VBUS supply. An 
external power switch is necessary in this case if OTG controller acts as a host. Figure 2 shows a HS 
capable host implementation that uses a ULPI PHY, with an external 5 V VBUS source supply.

3.3 USB Connectors
Because a ULPI PHY can support all the host, device, and OTG operations, it can be connected to any 
USB receptacle according to the usage, and the required functionality determines the choice of receptacle. 
If OTG or dual-role functionality is required, then a mini-AB or micro-AB connector must be used (as 
shown in Figure 4). For host only operations, a standard-A or mini-A or micro-A connector can be used 
(as shown in Figure 2). If only the device functionality is required, then a standard-B or mini-B or micro-B 
receptacle can be used in place of the mini-AB receptacle.

4 USB Layout Considerations
This section describes the series termination resistor values and placement and provides the general USB 
layout suggestions.

4.1 Series Termination Resistor Values and Placement
While using the FS/LS serial transceiver, the 33 Ω series termination resistors on the D+ and D- lines are 
recommended. To obtain the optimal eye diagram, these series resistors must be placed as close as possible 
to the transceiver. No termination resistors must be used for the HS ULPI transceiver on the D+ and D- 
lines.

Optional ESD circuit with low parasitic capacitance is recommended to protect the serial and ULPI 
transceivers.

4.2 General USB Layout Suggestions
The general USB layout suggestions are as follows:

• Route the USB D+ and D- signals as parallel 90 Ω differential pairs.

• Match the trace lengths as closely as possible. Matching within 150 mils is a good guideline.

• Try to maintain short trace lengths, not longer than 15 cm.
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• Avoid placing USB differential pairs near signals, such as clocks, periodic signals, and I/O 
connectors, that might cause interference.

• Minimize vias and corners.

• Route differential pairs on a signal layer, next to the ground plane.

• Avoid signal stubs.

Figure 4 shows the USB routing example.

Figure 4. USB Routing Example

NOTE
USB connection is recommended for i.MX25 and i.MX35 processors.

Figure 5 shows the recommended USB connections for both the i.MX25 and i.MX35 processors.

Figure 5. USB Connections for i.MX25 and i.MX35 Processors
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5 Revision History
Table 1 provides the revision history for this application note.

Table 1. Document Revision History

Rev. 
Number

Date Substantive Change(s)

0 06/2010 Initial release



Document Number: AN4136
Rev. 0
06/2010

Information in this document is provided solely to enable system and software 

implementers to use Freescale Semiconductor products. There are no express or 

implied copyright licenses granted hereunder to design or fabricate any integrated 

circuits or integrated circuits based on the information in this document.

Freescale Semiconductor reserves the right to make changes without further notice to 

any products herein. Freescale Semiconductor makes no warranty, representation or 

guarantee regarding the suitability of its products for any particular purpose, nor does 

Freescale Semiconductor assume any liability arising out of the application or use of 

any product or circuit, and specifically disclaims any and all liability, including without 

limitation consequential or incidental damages. “Typical” parameters which may be 

provided in Freescale Semiconductor data sheets and/or specifications can and do 

vary in different applications and actual performance may vary over time. All operating 

parameters, including “Typicals” must be validated for each customer application by 

customer’s technical experts. Freescale Semiconductor does not convey any license 

under its patent rights nor the rights of others. Freescale Semiconductor products are 

not designed, intended, or authorized for use as components in systems intended for 

surgical implant into the body, or other applications intended to support or sustain life, 

or for any other application in which the failure of the Freescale Semiconductor product 

could create a situation where personal injury or death may occur. Should Buyer 

purchase or use Freescale Semiconductor products for any such unintended or 

unauthorized application, Buyer shall indemnify and hold Freescale Semiconductor 

and its officers, employees, subsidiaries, affiliates, and distributors harmless against all 

claims, costs, damages, and expenses, and reasonable attorney fees arising out of, 

directly or indirectly, any claim of personal injury or death associated with such 

unintended or unauthorized use, even if such claim alleges that Freescale 

Semiconductor was negligent regarding the design or manufacture of the part.

How to Reach Us:

Home Page: 
www.freescale.com 

Web Support: 
http://www.freescale.com/support

USA/Europe or Locations Not Listed: 
Freescale Semiconductor, Inc.
Technical Information Center, EL516
2100 East Elliot Road 
Tempe, Arizona 85284 
1-800-521-6274 or
+1-480-768-2130
www.freescale.com/support

Europe, Middle East, and Africa:
Freescale Halbleiter Deutschland GmbH
Technical Information Center
Schatzbogen 7
81829 Muenchen, Germany
+44 1296 380 456 (English) 
+46 8 52200080 (English)
+49 89 92103 559 (German)
+33 1 69 35 48 48 (French) 
www.freescale.com/support

Japan: 
Freescale Semiconductor Japan Ltd. 
Headquarters
ARCO Tower 15F
1-8-1, Shimo-Meguro, Meguro-ku 
Tokyo 153-0064
Japan 
0120 191014 or
+81 3 5437 9125
support.japan@freescale.com

Asia/Pacific: 
Freescale Semiconductor China Ltd. 
Exchange Building 23F
No. 118 Jianguo Road
Chaoyang District
Beijing 100022
China
+86 10 5879 8000
support.asia@freescale.com

For Literature Requests Only:
Freescale Semiconductor 

Literature Distribution Center 
1-800 441-2447 or
+1-303-675-2140
Fax: +1-303-675-2150
LDCForFreescaleSemiconductor

@hibbertgroup.com

Freescale, the Freescale logo, CodeWarrior, ColdFire, PowerQUICC, 
StarCore, and Symphony are trademarks of Freescale Semiconductor, Inc. 
Reg. U.S. Pat. & Tm. Off. CoreNet, QorIQ, QUICC Engine, and VortiQa are 
trademarks of Freescale Semiconductor, Inc. All other product or service 
names are the property of their respective owners. ARM is the registered 
trademark of ARM Limited.
© 2010 Freescale Semiconductor, Inc.

 
 


	Hardware Configurations for the i.MX Family USB Modules
	1 Introduction
	2 USB Host Hardware Configuration
	Figure 1. FS/LS USB Host Module
	Figure 2. HS Host/OTG with ULPI Transceiver
	2.1 Resistors
	2.2 USB Connectors
	2.3 VBUS

	3 USB OTG Connections
	Figure 3. OTG with ULPI Transceiver
	3.1 Resistors
	3.2 VBUS
	3.3 USB Connectors

	4 USB Layout Considerations
	4.1 Series Termination Resistor Values and Placement
	4.2 General USB Layout Suggestions
	Figure 4. USB Routing Example
	Figure 5. USB Connections for i.MX25 and i.MX35 Processors


	5 Revision History
	Table 1. Document Revision History





