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Renesas USB MCU and USB ASSP 
LibUSB - A Complete RX USB Function and PC Host Solution 

Introduction 
You don’t necessarily have to follow a class specification to use USB. That is, in many fields it is not necessary to 
follow a certain USB class specification.  

Certain professional domains mandate a certain class, and sometimes it is more convenient for a user to not have to do 
any installs for common device classes, where drivers are already installed on a system (a mouse, a keyboard). In such 
case, Renesas has support for many classes. For other situations, where an application is unique, simple, etc, there is no 
reason to follow a complicated class specification. In this case one is free to use a so called "Vendor" class, and for that, 
use "LibUSB". This can make development significantly faster. LibUSB is the “easy” choice for deploying a product. 

LibUSB is a PC driver library that enables user space application programs to communicate with USB devices. For 
example for Windows, this is described in the “libusb-win32” download available at  
https://sourceforge.net/apps/trac/libusb-win32  

Even if a class must be used, LibUSB can be used to issue host-to-device Standard Control commands to easily during 
development test the target driver’s behavior. For example, iterate through enumeration step by step when developing 
the RX target code. 

Summary: LibUSB is a great tool for getting prototype targets up and running fast, to exchange data with a USB host, 
without having to follow the rigid specs of a class, when not necessary. This document explains how to use the 
Peripheral LibUSB Demo on the RSK-RX63N, together with the PC host application Renesas_libusb_host.  

Target Device 
USB Full Speed: RX62N Group, RX621 Group, RX63N Group, RX631 Group. 
USB High Speed: R8A66597 ASSP. 

 

 

 

 

 

 

 

  

 

 

 

  
Figure 1. In this document, LibUSB is explained, and a sample application is described. 
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1. Overview 
This document explains using a standard PC host “LibUSB” driver together with an RX peripheral running the modified 
application level example code of the Renesas RX “Basic FW” (r01an0512ej_usb_basic). 

1.1 Functions and Features 
The RX peripheral LibUSB Demo source code will communicate with a LibUSB host PC application. 
 

1.2 Related Documents 
1. Universal Serial Bus Revision  2.0 specification 

http://www.usb.org/developers/docs  

2. Renesas Electronics USB Devices 
http://www.renesas.com/prod/usb/ 

3. Renesas USB MCU and USB ASSP USB Basic Firmware Application Note (Document No. R01AN0512EJ) 

4. RX62N Group, RX621 Group User's Manual: Hardware (Document No. R01UH0033EJ) 

5. RX62N Group Renesas Starter Kit + for RX62N User's Manual (Document No. REJ10J2198-0201) 

6. RX630 Group User's Manual: Hardware (Document No. R01UH0040EJ) 

7. RX630 Group Renesas Starter Kit for RX630 User's Manual (Document No. R20UT0292EG0100) 

8. RX63N Group, RX631 Group User’s Manual: Hardware (Document No. R01UH0041EJ) 

9. RX63N Group Renesas Starter Kit + for RX63N User’s Manual 

10. R8A66597 Datasheet (Document No. REJ03F0229) 

1.3 Terms and Acronyms 
The following terms and acronyms are used in this document: 

• ASSP : Application Specific Standard Produce 
• GUI : Guided User Interface. 
• LibUSB backend  The Windows USB driver libusb0_x.x.dll, downloaded together with libusb-win32 if you are   

   using Windows. 
• non-OS : USB basic firmware for OS-less system 
• pstd : Prefix of function and file for Peripheral USB-BASIC-F/W 
• RSK   Renesas Starter Kit 
• RTOS : USB basic firmware for uITRON system 
• R8A66597 : Renesas Hi-Speed USB2.0 ASSP R8A66597 board. Use in combination with RX62N- 

   RSK. 
• SW1/SW2/SW3 : User switches on the RX62N-RSK and RX63N-RSK and RX630-RSK. 
• USB : Universal Serial Bus 
• USB Basic FW : USB basic firmware for Renesas USB device (non-OS& RTOS) 

http://www.usb.org/developers/docs
http://www.renesas.com/prod/usb/
http://www.renesas.com/products/mpumcu/rx/rx600/Documentation.jsp##
http://documentation.renesas.com/eng/products/mpumcu/rej03f0229_r8a66597ds.pdf
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2. Physical Configuration 
The peripheral LibUSB Demo source code allows the USB PC host application Renesas_libusb_host  to manipulate the 
connected RSK board via USB. 

Host PC
RSKVariable

resistor

LCD

LED

USB
PERI

USB
HOST

 
 

Figure 2.  System physical setup. 

 

3. LibUSB Demo Description 
• Enumeration occurs when the target RX board  is connected to the USB host (a PC in most cases). 

• When the PC USB host application Renesas_libusb_host is run a connection via the PC LibUSB backend to the RX 
target occurs if host finds a matching VID and PID. By default in the firmware, VID is 0x45B, and PID is 0x512. 
This must be changed for the peripheral by the customer when developing a product! 

• LED demo: The RX board LED light pattern is changed when the LED command is sent from the host. 

• LCD demo: The RX board LCD display is changed using user input from host when the LCD command is sent 
from the host. 

• AD demo: The RX board AD value is sent to the host PC when the read ADC command is sent from the host. The 
value of the variable resistor connected to the AD as shown in the above figure is read and sent to the host PC. 
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4. USB Host 
This section will show how to get the LibUSB driver and host LibUSB Demo running from the host’s perspective (the 
PC). Also how to create your own INF-file. 

4.1 Run the Demo 
1. Copy the RX board specific code from ..\Workspace\HwResourceForUSB_RX6xyz 

to ..\Workspace\HwResourceForUSB.  

2. If using HEW: Switch to the appropriate debug session (e.g. with RSK63n use E1E20_63N). 

3. Compile, download and run the target board.  

4. Connect an A-to-Mini-B USB cable between PC and RX target board. 

Install the LibUSB PC driver libusb.dll 
5. Windows should show the "Found New HW Wizard". Point to the ..\LibUSB_Host_PC folder which contains INF-

files for the default demo.  
You must later create your own INF file, for your product with your VID and PID. See ’Create Your Proprietary 
Product INF-file’ below. 

6. If libusb_x.sys is not already on your PC, point to the folder ..\LibUSB_Demo\LibUSB_Host_PC\libusb-win32-bin-
1.2.x.0\bin 

7. The Found New HW Wizard should copy the driver to e.g. ../Windows/system32. If you are having any problems 
installing the driver, see separate section “Windows ‘Found New Hardware Wizard’ (application note). 

Run the host demo program 
8. Run ..\LibUSB_HostPC\host_exe\Renesas_libusb_host\dist\Renesas_libusb_host.exe.  

The host will manipulate in order the LEDs, the LCD, then read the ADC, in a loop. 

9. If you prefer using a GUI, run  
..\LibUSB_HostPC\host_exe\Renesas_libusb_host_gui\dist\Renesas_libusb_host_gui.exe 

Connect with the target board using the “Connect” button with VID and PID set as in file 
r_usb_vendor_descriptor.c. Then, manipulate the LED, the display, and read the board ADC using the control 
buttons in the GUI.  

 
Figure 3. The commands to control the LED, the display, etc from the host PC  
user application, are implemented via the PC host “LibUSB backend”, that is,  
the driver libusb.dll. 
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4.2 Create Your Own Product INF-file 
1. Change the VID and PID number in ..\Workspace\SmplMain\APL\r_usb_vendor_descriptor.c. Compile, connect, 

download, and run.  

2. Run ..\libusb-win32-bin-1.2.4.0\bin\inf-wizard.exe and follow the GUI. The RX with your new VID and PID 
should show up. Enter desired Manufacturer and Device. 

3. Enumeration: When Windows shows the "Found New HW Wizard", point to the above created INF file. 

4. If libusb0.sys is needed, point to the folder ..\LibUSB_Demo\LibUSB_Host_PC\libusb-win32-bin-1.2.6.0\bin 

5. The Found New HW Wizard should copy the driver to e.g. Windows/system32. 

4.3 Following the Demo in the Debugger 
Set a breakpoint in file r_usb_vendor_papl.c at  
   usb_plibusb_LibUsbCmdChk(); 

When a command to a demo endpoint is received, the break will trigger and you can follow the demo on the target. 

4.4 Creating Your Own Host Application 

Python 
There is no need to purchase a license to use Python. See the included files Renesas_pyusb.txt and 
Renesas_libusb_host .py for instructions how to run Python and PyUSB. Once these are installed, the Python code for 
PC is easy to change. Run the code by right-clicking on Renesas_Host_LibUSB.py and selecting "Edit with Idle". 

4.5 Windows ‘Found New Hardware Wizard’ 
Do the following in detail to learn how this works, to understand how to implement it for customer doing this for your 
new product, or if you are having any difficulty with the LibUSB driver. 

1. Start Windows Device Manager (type “device manager “ into the Windows Run menu) to keep track of 
enumeration status. Keep it open. 

2. Restart the target by disconnecting and reconnecting the cable. We will follow the ‘Found New HW Wizard’. (The 
correct driver (libusb0.sys) will be found automatically by Windows if the vendor and product ids were used by 
Windows at some time in the past.) 

3. If the ‘Found New HW Wizard’ does not appear, right click on ‘Lib USB Demonstration’ in the Device Manager 
and click on ‘Update Driver.’ Then follow these same steps. 

4. In the Windows ‘Found New HW wizard’, select “No, not this time’ (Win7; Browse my computer…), then ‘Install 
from a specific location’ (Win7; Let me pick…).  

5. If you saved your INF-file to Window’s INF-directory and are given a choice of several INF-files, identify yours 
by matching  manufacture name. 

6. To be completely specific, select ‘Don’t search, I will choose driver…’ then ‘Have disk’, to make sure we pick the 
right INF-file. 

7. The LibUSB driver for windows; libusb0.sys was probably already installed if you ran the INF Wizard, to the 
c:\Windows\system32 folder, but if asked, select ‘Browse’ and point to directory  ..\LibUSB_Host_PC\libusb-
win32-bin-1.2.5.0\bin\x86. 

8. Press OK and Finish. 
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Figure 4. If something goes wrong, restart the target firmware, uninstall the driver by right-clicking on the 
device in Device Mgr, then redo the procedure. Example above is for WinXP. Elow for Win7. 

 
 

9. Check that Windows has enumerated the RX properly. In Windows Device Manager you should see the RX 
LibUSB peripheral. See step 1 and Figure 5.  
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Figure 5. The RX LibUSB peripheral should shows up in Device Manager, listed under the “libusb-win32 
device” class. 

 

5. USB Peripheral  

5.1 Software Configuration 
LibUSB Demo is implemented using the USB Basic Firmware. There is a separate manual for the Basic FW as noted in 
Related Documents above. This manual must be studied to set up the code for the RX MCU device you are using. For 
example, the HwResources folders in the source code must be set up accordingly. Here we will focus on the LibUSB 
specific changes made to the Basic FW package to implement the LibUSB Demo. 

5.2 Block Diagram 
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Figure 6. Software block diagram 
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5.3 Code Change vs. USB Basic FW 
The table below lists the most important functions that were added to for the LibUSB Demo. The function 
usb_pvendor_apl_task was also modified slightly to not invoke read and write of demo endpoints until the user (host) 
asks for data. Other functions, e.g. to read ADC and were also added. 

File Code Outline 
SmplMain\ APL\  
r_usb_vendor_papl.c 
 

usb_plibusb_ 
LibUsbCmdChk() 

Demonstrates usage of bulk OUT endpoint: 
    Host writes to EP to control LED 
    Host writes to EP to control LCD 
Demonstrates usage of bulk IN endpoint: 
    Host reads EP to get ADC value 

SmplMain\ APL\ 
r_usb_vendor_papl.c 

usb_vendor_int_ 
in_test_func() 

Demonstrates usage of interrupt IN endpoint: 
    Host reads switch press. (Not used in primary 
demo.) 

SmplMain\ APL\ 
r_usb_vendor_descriptor.c 

usb_gpvendor_smpl
_eptbl1[] 

Pipe Information Table, and EP descriptors changed:  
PIPE1 <=> EP1 OUT 
PIPE2 <=> EP2 IN 

 

5.4 Pipe (Endpoint) Information Table 
The Pipe Information Table is where endpoint numbers are selected for the demo. This is also where peripheral pipes 
are paired with endpoints for the peripheral. (The host selects its own pipes for these endpoints.) This is done in the 
array usb_gpvendor_smpl_eptbl1 in file  
 ..\WorkSpace\SmplMain\APL\r_usb_vendor_descriptor.c.  Here, for the LibUSB  demo, Endpoint 1 is used and paired 
with Pipe1, EP2 is paired with Pipe 2. EP3 is paired with Pipe 6 and is an interrupt endpoint that is not used in the 
primary demo, but is used in conjunction with a switch on the board and a response output in the host demo to show 
how it is used. The interrupt timing period can be decreased by setting bInterval in the endpoint descriptor in the same 
file (5.5.1).  

5.5 Descriptors 
This section describes the default descriptors of the LibUSB Demo source code, which are in file 
r_usb_vendor_descriptor.c.  File r_usb_usrconfig.h contains the most typical fields changed by the product designer, 
but of course any field is to be changed subject to the end product purpose. 

5.5.1 Device  
Field Nr bits Value Description 

bLength 8 0x12 Descriptor size is 18 bytes. 
bDescriptorType 8 0x01 DEVICE descriptor type. 

bcdUSB 16 0x0200 USB specification version 2.00. 
bDeviceClass 8 0xFF Device Class is vendor-specific. 

bDeviceSubClass 8 0xFF Device Subclass is vendor-specific. 
bDeviceProtocol 8 0xFF Device Protocol is vendor-specific. 

bMaxPacketSize0 8 0x40 Maximum packet size for endpoint zero is 64. 
idVendor 16  Vendor ID 0x45B. Customer must later change this. 
idProduct 16  Product ID 0x512. Customer must later change this. 

bcdDevice 16 0x0100 Device release number is 2.00. 
iManufacturer 8 0x01 Manufacturer index in string descriptor is 1. 

iProduct 8 0x02 Product index in string descriptor is 2. 
iSerialNumber 8 0x03 Serial number index in string descriptor is 3. 

bNumConfigurations 8 0x01 Device has one possible configuration. 
 



Renesas USB MCU and USB ASSP RX LibUSB Demo 

R01AN0492EJ0200  Rev. 2.00  Page 10 of 14 
Sep 30, 2012.  

5.5.2 Configuration  
Field Nr bits Value Description 

bLength 8 0x09 Descriptor size is 9 bytes. 
bDescriptorType 8 0x02 CONFIGURATION descriptor type. 

wTotalLength 16 0x0037 The total length of data for this configuration. 
bNumInterfaces 8 0x02 This configuration supports two interfaces; 0 and 1. 

bConfigurationValue 8 0x01 Configuration  nr 1 - the only configuration. 
iConfiguration 8 0x00 String descriptor index describing  this configuration  

(All string descriptors, starting with the first, belong to this 
configuration). 

bmAttributes 8 0xC0 Configuration characteristics. 
bMaxPower 8 0x32 Maximum power 100 mA. 

 
5.5.3 Interface  
Field Nr bits Value Description 

bLength 8 0x09 Descriptor size is 9 bytes. 
bDescriptorType 8 0x04 INTERFACE descriptor type. 

bInterfaceNumber 8 0x00 The number of this interface is 0. 
bAlternateSetting 8 0x00 No alternate setting. 

bNumEndpoints 8 0x02 The number of endpoints used by this interface is 3. 
bInterfaceClass 8 0xFF Vendor-specific. 

bInterfaceSubClass 8 0xFF Vendor-specific. 
bInterfaceProtocol 8 0xFF Vendor-specific. 

iInterface 8 0x00 String descriptor index describing  this interface. Example 
string descriptors are common to bother interfaces. 
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5.5.4 Endpoints  
Field Nr bits Value Description 

bLength 8 0x07 Descriptor size is 7 bytes. 
bDescriptorType 8 0x05 ENDPOINT descriptor type. 

bEndpointAddress 8 0x01 OUT endpoint number 1. 
bmAttributes 8 0x02 Type – BULK only. 

wMaxPacketSize 16 0x0040 Maximum packet size for this endpoint is 64 bytes. 
bInterval 8 0x01 The polling interval is every 1 ms (every frame). 

 
 
Field Nr bits Value Description 

bLength 8 0x07 Descriptor size is 7 bytes 
bDescriptorType 8 0x05 ENDPOINT descriptor type 

bEndpointAddress 8 0x82  IN endpoint number 2. 
bmAttributes 8 0x02 Type – BULK only 

wMaxPacketSize 16 0x0040 Maximum packet size for this endpoint is 64 bytes. 
bInterval 8 0x01 The polling interval is every 1 ms (every frame). 

 
Field Nr bits Value Description 

bLength 8 0x07 Descriptor size is 7 bytes 
bDescriptorType 8 0x05 ENDPOINT descriptor type 

bEndpointAddress 8 0x83 IN endpoint number 3. 
bmAttributes 8 0x03 Type – INTERRUPT only. 

wMaxPacketSize 16 0x0010 Maximum packet size for this endpoint is 16 bytes. 
bInterval 8 0x04 The polling interval is every 4 ms (every 4 frames). 

 

5.6 Application details 
The application layer programmer should mainly have to deal with file ..\src\SmplMain\APL\r_usb_vendor_papl.c. To 
understand application level fundamentals for using the underlying USB Basic FW, a “must read” is General operation 
using ANSI API in the Basic FW application note; “USB Basic Host and Peripheral firmware”. See related documents. 

5.6.1 Peripheral Demo Processing 
The LibUSB application top level user control is described in 3.  

When the application receives PIPE1 data whose first byte is a command (1, 2, or 4 in the demo), the demo application 
layer takes action depending on the command. As a user application programmer, you can see the action take place 
starting with execution of function usb_plibusb_LibUsbCmdChk. 

The above procedure is illustrated in the next flowchart. 
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Open of usb “file”
usb_spvendor_bulk_fn

successful

Using usb_spvendor_bulk_fn:
Use control() to register callback for read() when 

bulk OUT transfer completes

Init receive transfer by calling read() for bulk OUT

Check pipe number

If pipe nr 1 (EP1), call
usb_plibusb_LibUsbCmdChk()

usb_plibusb_LibUsbCmdChk()

case USB_LIBUSB_CMD_LED:
Toggle the LEDs

case USB_LIBUSB_CMD_LCD:
Write to LCD

case USB_LIBUSB_CMD_ADC:
Read A/D converter
Send data over PIPE2/EP2 (Bulk IN)

Wait for USB IN data

Wait for USB IN data

Bulk IN data received
(Message 

USB_PSTD_BULK_RECEIVE_END)

 
Figure 7.  LibUSB application level processing flow. See file r_usb_vendor_papl.c,  
procedure usb_pvendor_apl_task. 
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5.7 Command Protocol Details 
The LibUSB Demo has three application level commands; "Toggle LED," "Read ADC," and "Set LCD." The first byte 
in the host PIPE1 transfer contains the command number. The second and subsequent bytes are not used. See the table 
below for details. For more info, see file ..\src\SmplMain\APL\r_usb_vendor_papl.c, function 
usb_plibusb_LibUsbCmdChk. 

5.7.1 Toggle LED 
Host Direction 

Host-Per. 
LibUSB Application 

First byte of host OUT transfer = Command byte: 
 0x01  

Received in PIPE1. 

  Command processing 
Turns off the LED if it is currently on. 
Turns on the LED if it is currently off. 

 
Only the first byte is recognized as a 

command. 
The 2nd and subsequent bytes are not 
used. 

 
5.7.2 Read ADC 
Host  LibUSB Application 
First byte of host OUT transfer = Command byte: 
 0x02  

Received in PIPE1. 

  Command processing 
Reads AD data. 

 
Only the first byte is recognized as a 

command. 
The 2nd and subsequent bytes are not 
used. 

 

 

Returns AD data (2-4 bytes). 
 
The first byte has the following meaning: 
    0: OK. 
    1: NOT OK. 
 
The 3 bytes starting at the 2nd byte contain 
the AD value in little endian. 

 
 
5.7.3 Set LCD 
Host  LibUSB Application 
First byte of host OUT transfer = Command byte: 
 0x04  

Received in PIPE1. 

Seconded byte = Line number of LCD: 
  This can zero (0x00) or one (0x01) 
  A larger number clears the display 

 
 

Command processing 
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6. Website and Support 
Renesas Electronics Website 

http://www.renesas.com/ 
 
Inquiries 

http://www.renesas.com/inquiry 
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General Precautions in the Handling of MPU/MCU Products 
 
The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the 
products covered by this document, refer to the relevant sections of the document as well as any technical updates that 
have been issued for the products. 
 

1.  Handling of Unused Pins 

Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual. 

⎯ The input pins of CMOS products are generally in the high-impedance state. In operation with an 
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an 
associated shoot-through current flows internally, and malfunctions occur due to the false 
recognition of the pin state as an input signal become possible. Unused pins should be handled as 
described under Handling of Unused Pins in the manual. 

2.  Processing at Power-on 

The state of the product is undefined at the moment when power is supplied. 

⎯ The states of internal circuits in the LSI are indeterminate and the states of register settings and 
pins are undefined at the moment when power is supplied. 
In a finished product where the reset signal is applied to the external reset pin, the states of pins 
are not guaranteed from the moment when power is supplied until the reset process is completed. 
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function 
are not guaranteed from the moment when power is supplied until the power reaches the level at 
which resetting has been specified. 

3.  Prohibition of Access to Reserved Addresses 

Access to reserved addresses is prohibited. 

⎯ The reserved addresses are provided for the possible future expansion of functions. Do not access 
these addresses; the correct operation of LSI is not guaranteed if they are accessed. 

4.  Clock Signals 

After applying a reset, only release the reset line after the operating clock signal has become stable. 
When switching the clock signal during program execution, wait until the target clock signal has 
stabilized. 

⎯ When the clock signal is generated with an external resonator (or from an external oscillator) 
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. 
Moreover, when switching to a clock signal produced with an external resonator (or by an external 
oscillator) while program execution is in progress, wait until the target clock signal is stable. 

5.  Differences between Products 

Before changing from one product to another, i.e. to a product with a different part number, confirm 
that the change will not lead to problems. 

⎯ The characteristics of an MPU or MCU in the same group but having a different part number may 
differ in terms of the internal memory capacity, layout pattern, and other factors, which can affect 
the ranges of electrical characteristics, such as characteristic values, operating margins, immunity 
to noise, and amount of radiated noise. When changing to a product with a different part number, 
implement a system-evaluation test for the given product. 
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