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Notice 
1. All information included in this document is current as of the date this document is issued. Such information, however, is 

subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please 
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to 
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website. 

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights 
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.  
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights 
of Renesas Electronics or others. 

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You are fully responsible for the incorporation of these circuits, software, 
and information in the design of your equipment.  Renesas Electronics assumes no responsibility for any losses incurred by 
you or third parties arising from the use of these circuits, software, or information. 

5. When exporting the products or technology described in this document, you should comply with the applicable export control 
laws and regulations and follow the procedures required by such laws and regulations.  You should not use Renesas 
Electronics products or the technology described in this document for any purpose relating to military applications or use by 
the military, including but not limited to the development of weapons of mass destruction.  Renesas Electronics products and 
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited 
under any applicable domestic or foreign laws or regulations. 

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics 
does not warrant that such information is error free.  Renesas Electronics assumes no liability whatsoever for any damages 
incurred by you resulting from errors in or omissions from the information included herein. 

7. Renesas Electronics products are classified according to the following three quality grades:  “Standard”, “High Quality”, and 
“Specific”.  The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as 
indicated below.  You must check the quality grade of each Renesas Electronics product before using it in a particular 
application.  You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior 
written consent of Renesas Electronics.  Further, you may not use any Renesas Electronics product for any application for 
which it is not intended without the prior written consent of Renesas Electronics.  Renesas Electronics shall not be in any way 
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an 
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written 
consent of Renesas Electronics.  The quality grade of each Renesas Electronics product is “Standard” unless otherwise 
expressly specified in a Renesas Electronics data sheets or data books, etc. 

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual 
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots. 

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support. 

“Specific”:  Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or 
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, 
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation 
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or 
damages arising out of the use of Renesas Electronics products beyond such specified ranges. 

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have 
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
Renesas Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to 
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a 
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire 
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.  Because 
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system 
manufactured by you. 

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental 
compatibility of each Renesas Electronics product.  Please use Renesas Electronics products in compliance with all applicable 
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS 
Directive.  Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with 
applicable laws and regulations. 

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas 
Electronics. 

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this 
document or Renesas Electronics products, or if you have any other inquiries. 

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-
owned subsidiaries. 

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics. 
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SH7262/SH7264 
Guidelines for Hi-Speed USB 2.0 Board Design 

Summary 
This document describes the guidelines for Hi-Speed USB 2.0 board design. 

Target Device 
The application explained in this document applies to the following LSIs. 

• SH7262/SH7264 (In this document, SH7264/SH7262 are described as "SH7264".) 
 

Note: The contents in this document are provided as a reference example based on the USB specification, and the 
signal system quality is not guaranteed. When implementing this example into an existing system, the overall 
system should be thoroughly evaluated, and the user should integrate at their own discretion. 
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1. Introduction 
This document is described by using the pin names of the USB 2.0 host/function module. Table 1 lists the outline of the 
USB 2.0 host/function module pin. 

 

Table 1 Outline of the USB 2.0 Host/Function Module Pin 

Pin Number 
SH7262 SH7264 

Pin Name I/O Name Function 

71 83 DP I/O USB D+ data USB bus D+ data 
70 82 DM I/O USB D- data USB bus D- data 
72 84 VBUS I VBUS input Connected to USB bus VBUS 
75 87 REFRIN I Reference input Connected to USBAPVss via a 

5.6 kΩ ± 1% resistor 
65 77 USB_X1 I 
66 78 USB_X2 O 

USB crystal resonator/ 
External clock 

Connected the USB crystal resonator. 
An external clock can also be input to 
the USB_X1 pin. 

76 88 USBAPVcc I Transceiver analog pin 
power supply 

3.3 V analog power supply for pins 

77 89 USBAPVss I Transceiver analog pin 
ground 

3.3 V analog ground for pins 

68 80 USBDPVcc I Transceiver digital pin 
power supply 

3.3 V digital power supply for pins 

69 81 USBDPVss I Transceiver digital pin 
ground 

3.3 V digital ground for pins 

78 90 USBAVcc I Transceiver analog core 
ground 

1.2 V analog power supply for core 

79 91 USBAVss I Transceiver analog core 
ground 

1.2 V analog ground for core 

73 85 USBDVcc I Transceiver digital core 
power supply 

1.2 V digital power supply for core 

74 86 USBDVss I Transceiver digital core 
ground 

1.2 V digital ground for core 

80 92 USBUVcc I 480 MHz power supply 
for the USB 2.0 
host/function module 

Power supply for 480 MHz sections 

81 93 USBUVss I 480 MHz ground for the 
USB 2.0 host/function 
module 

Ground for 480 MHz sections 

PVcc I Power supply for I/O 
circuits 

3.3 V power supply for I/O pins 

Vcc I Power supply 1.2 V power supply for CPU internal 
core 

Note 

Vss I Ground for I/O circuit/ 
Ground 

3.3 V ground for I/O pins and 
1.2 V ground for CPU internal core 

Note: PVcc, Vcc, and Vss pins are LSI I/O power supply and power supply for core other than USB power 
supply. 
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2. USB Transmission Line 
The USB transmission line indicates the wiring pattern that connects the USB connector and the SH7264 embedded 
USB transceiver. 

USB 2.0 has three communication modes: Hi-Speed, Full-Speed, and Low-Speed modes. The Hi-Speed mode has a 
480 Mbps communication speed. Therefore, the USB transmission lines must be designed as a high-frequency circuit. 
Impedance control is required for the USB transmission lines. 

Notes on designing the wiring pattern of the USB transmission lines are described below. 

 

• The characteristic impedance required for the USB transmission lines is the differential impedance 90 Ω ± 15%. 
• The pattern width and pattern pitch for impedance control vary depending on board thickness, material, and layer 

configuration. Contact the board manufacturer for more details. 
• The wiring pattern length of the USB transmission lines from the SH7264 to the USB connector must be designed 

not to exceed the maximum delay time which is regulated by the USB specification. To stabilize the waveform 
quality for High-Speed communication, design the wiring pattern length as short as possible. Table 2 lists the 
recommended values for the wiring pattern length of the USB transmission lines not to exceed the maximum delay 
time on typical PCB. 

 

Table 2 Recommended Values For the Wiring Pattern Length Not to Exceed the Maximum Delay Time 

 Maximum Delay Time  
(USB specification) 

Wiring Pattern Length D+ and D- Wiring 
Differential 

Host controller 3 ns 300 mm or less 2.5 mm or less 
Function controller 1 ns 100 mm or less 2.5 mm or less 

Note: This is the example for the wiring delay is 100 ps/cm. 
 

• The lower layer of the USB transmission lines must be a ground plane. The ground plane must be at least 2 mm 
wider than the USB transmission lines. The power supply for the ground plane is USBDPVss. 

• Do not allocate other signal lines near the USB transmission lines. Particularly, lines of heavily fluctuating signals, 
such as clock and data bus lines must be allocated far from the USB transmission lines. Moreover, the USB 
transmission lines and other lines must not cross. 

• The same layer (surface layer) as the USB transmission lines should be allocated 2 mm far from the USB 
transmission lines, and grounded with a guard ring. 

• The USB transmission lines should be allocated on the same layer without passing through a hole. In addition, 
wiring should not be divaricated. 

• The USB transmission lines should be wired with uniform spaces. 
• The USB transmission lines should be allocated far from the oscillator, power supply circuit, and other I/O 

connectors. 
• The USB transmission lines should be wired with straight lines. If they are bent, they should be bent gently in an arc 

or up to 135 degrees, and should not be bent at acute angles (right angles). 
• It is recommended that the clock, reset, read, write and chip select signals should be grounded with a guard ring. 
 

Figure 1 shows a design example of a Host controller USB transmission line pattern, and Figure 2 shows a design 
example of a function controller USB transmission line pattern. 
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Figure 1 Design Example of the Host Controller USB Transmission Line Pattern 

 

 

Figure 2 Design Example of the Function Controller USB Transmission Line Pattern 
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3. Power Supply and Ground Pattern 
Notes on designing a power supply/ground pattern are described below. 

• Power supplies and ground patterns should be separated into digital and analog. Table 3 and Table 4 list the power 
supply and ground classifications. 

 

Table 3 USB Power Supply Classifications 

Power Supply Classifications 
Pin Name Analog Power 

Supply (1.2 V) 
Digital Power 
Supply (1.2 V) 

Analog Power 
Supply (3.3 V) 

Digital Power 
Supply (3.3 V) 

USBAVcc     
USBDVcc   *1   
USBUVcc   *1   
USBAPVcc     
USBDPVcc     *2 
Vcc   *1   
PVcc     *2 
 indicates power supply to use. 

Notes: 1. USBDVcc, USBUVcc, and Vcc pins are connected internally. 
 2. USBDPVcc and PVcc pins are connected internally. 
 

Table 4 USB Ground Classifications 

Ground Classifications SH7264 Pin Name/ 
USB connector Analog Ground (AGND) Digital Ground (DGND) 
USBAVss  *3  
USBDVss   *4 
USBUVss   *4 
USBAPVss  *3  
USBDPVss   *4 
Vss   *4 
USB connector ground 
(including Frame Ground) 

  

 indicates ground to use. 
Notes: 3. USBAVss, and USBAPVss pins are connected internally. 
 4. USBDPVss, USBDVss, USBUVss, and Vss pins are connected internally. 
 

• Pins internally-connected should be low-impedance on the board. 
• The patterns of power supplies and grounds should be designed with as wide a surface layer as possible. 
• Tantalum capacitors or ceramic capacitors having excellent high-frequency characteristics are recommended as 

power supply capacitors. 
• Aluminum electrolytic capacitors affect the jitter value when measuring the EYE pattern. The capacitors should be 

thoroughly designed and tested before use. 
• As the capacitance value of decoupling capacitor, it is recommended that the capacities for 0.001 μF, 0.01 μF, 

0.1 μF, and 10 μF are allocated closest to the USB power supply pin. Figure 3 shows an example of decoupling 
capacitor allocation. 
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Figure 3 Example of the Decoupling Capacitor Allocation 

 

4. Oscillation Circuit 
Notes on designing an oscillation circuit are described below. 

• The oscillation circuit should be allocated near the USB_X1 pin, the USB clock input pin. Grounding the USB_X1 
pin with a guard ring is recommended. 

• Oscillation components that fulfill the frequency shown in Table 5 should be used. 
 

Table 5 USB_X1 Clock Input Frequency 

Function Frequency (fEX) 
High-speed transfer used 48 MHz ± 100 ppm 
Host controller used (high-speed transfer is not used) 48 MHz ± 500 ppm 
Neither the high-speed transfer nor the host controller used 48 MHz ± 2500 ppm 

 
• When using a crystal resonator, the manufacturer should be consulted before deciding the circuit constant. 
 

Figure 4 shows a connection example when the crystal resonator is used, and Figure 5 shows a connection example 
when the oscillator is used. 



SH7262/SH7264 
Guidelines for Hi-Speed USB 2.0 Board Design 

REJ05B1216-0100/Rev.1.00 March 2009 Page 7 of 14 

 

USB_X1

SH7264

USB_X2

Digital ground
(DGND)

Feedback
resistor

Limiting 
resistor 

The feedback resistor, limiting resistor, and load capacity constants 
should be determined after an oscillation characteristic matching 
evaluation is performed on the crystal resonator used. Depending 
on the oscillation characteristics, the feedback resistor and limiting 
resistor may not be necessary.

Load capacity Load capacity

 

Figure 4 Example of the Crystal Resonator Connection 

 

Figure 5 Example of the Oscillator Connection 
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5. VBUS Power Supply Circuit 
Notes on designing the VBUS power supply circuit are described below. 

 

• When the SH7264 is used as a host controller, the additional capacity of the VBUS line should be designed to be 
120 μF or more. 

• When the SH7264 is used as a function controller, the additional capacity of the VBUS line should be designed to 
be within 1.0 μF to 10 μF. 

• The VBUS line should include a filter circuit as an overshoot may be caused by inconsistent impedance when the 
USB cable is connected. The 1.0 μF to 10 μF capacitor and the 100 Ω to 1 kΩ resistor should be added as a filter 
circuit. The constants should be defined after confirming that an overshoot has not occurred on the board. Also, a 
resistor of more than 1 kΩ should not be added. 

• When the SH7264 is used as a host controller, the VBUS power should be supplied to the function devices. A 
power switch IC with over-current protection for the USB power bus (hereinafter called “USB power switch IC”) is 
recommended for the VBUS power supply control. Make sure to consider the limitation value of the current of 
VBUS power supply line based on the current value used by the system power supply applied and the USB function 
devices communicated. In addition, refer to the USB power switch IC datasheet used for the VBUS power supply 
control circuit. 
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Figure 6 shows an example of the VBUS power supply circuit when the SH7264 is used as a host controller. 

Figure 7 shows an example of the VBUS power supply circuit when the SH7264 is used as a function controller. 

 

SH7264

USB power 
supply

switch IC

VBUS
VBUS

Digital ground
(DGND)

100 Ω to 1 KΩ

1.0 µF  to 10 µF

More than 
120 µF

Filter circuit

USB connector

 

Figure 6 Example of the Host Controller VBUS Power Supply Circuit 

 

 

Figure 7 Example of the Function Controller VBUS Power Supply Circuit 
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6. REFRIN Pin 
Notes on designing the circuit around the REFRIN pin are described below. 

 

• A resistor of 5.6 kΩ ± 1% (hereinafter called “reference resistor”) should be allocated between the REFRIN pin and 
USBAPVss. 

• A reference resistor should be allocated as close as possible to the SH7264. 
• The REFRIN pin, the reference resistor, and USBAPVss should be connected with a bold, minimal pattern. 
• The reference resistor and USBAPVss should be connected in an exclusive pattern, and then connected to the 

analog ground. The pattern should be designed to avoid common impedance with other signals. 
• To prevent cross talk, heavily fluctuating signals such as DP, DM, clocks, address data, and control signals should 

neither cross nor go side by side with reference resistor and patterns. It is recommended that reference resistor and 
patterns be grounded with a guard ring. 

 
Figure 8 shows the block diagram of the pin connection and the design example of pattern around the REFRIN pin. 

 

USBAPVss

SH7264

REFRIN REFRIN

USBAPVss

Analog ground
(AGND)

5.6 KΩ
Chip resistor

Pin 1

Pattern Design Example  

SH7264

Pin Connection Block Diagram 

Digital ground (DGND)
via guard ring.

5.6 KΩ

Analog ground
(AGND)

 

Figure 8 Pin Connection and Design Example of the Pattern Around the REFRIN Pin 
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7. EMI/ESD Workarounds 
Notes on EMI/ESD workarounds are described below. 

 
• When components for EMI/ESD workarounds such as coils and diodes are mounted on the USB transmission lines, 

they should be allocated near the USB transmission lines and the wiring should be as short as possible. 
• The components for the EMI/ESD workarounds must be USB 2.0 compliant. Also, by mounting EMI/ESD 

workaround components, inconsistent impedance may occur on the USB transmission lines, and the waveform may 
become distorted. Components for use should be selected after thorough evaluation. 

 
Figure 9 shows the block diagram of a connection example when the components for EMI/ESD workarounds are used. 

 

 

Figure 9 Connection Example When Components for EMI/ESD Workarounds are Used 
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8. References 
• Hardware Manual 

SH7262 Group, SH7264 Group Hardware Manual Rev. 1.00 
(Download the latest version from the Renesas website.) 
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Website and Support 
Renesas Technology Website 

http://www.renesas.com/ 
 
Inquiries 

http://www.renesas.com/inquiry 
csc@renesas.com 

 
 

Revision History 
Description  

Rev. 
 
Date Page Summary 

1.0 Mar. 13, 2009 — First edition issued 
    
    
    
    
    
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
 
All trademarks and registered trademarks are the property of their respective owners. 

http://www.renesas.com/
http://www.renesas.com/inquiry
mailto:csc@renesas.com


SH7262/SH7264 
Guidelines for Hi-Speed USB 2.0 Board Design 

REJ05B1216-0100/Rev.1.00 March 2009 Page 14 of 14 

 

 

 
© 2009. Renesas Technology Corp., All rights reserved. 


	1. Introduction
	2. USB Transmission Line
	3. Power Supply and Ground Pattern
	4. Oscillation Circuit
	5. VBUS Power Supply Circuit
	6. REFRIN Pin
	7. EMI/ESD Workarounds
	8. References

