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1 Introduction

This document is an introduction to a universal serial bus
(USB) on the go (OTG) module with Freescale’s
MCF522xx ColdFire microcontroller unit (MCU).

The USB module is a versatile module with 16 endpoints
that allow the programmer to build robust applications.
The application note demonstrates how to use the OTG
USB module with the ColdFire MCF5221x MCU and
the CMX USB stack. The PC uses WinUSB as the usb
driver and used as the device that sends and receives
information to a PC using the M52210 demo board.
Codes included for Visual Basic and Codewarrior can be
used as a starting point for any project that needs

communication between a PC and ColdFire.

Demonstrated in this application note is how to use the
USB OTG features with the included software. This
software consists of an MCU with a PC running
Windows@ XP or Vista OS. The MCU functions as a
USB device in three different modes, control, interrupt,

and bulk transfer.
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Getting Started with Software

2 Getting Started with Software

2.1 DEMO Software Features

The graphical user interface (GUI) included with this application note is shown in Figure 1. The GUI and
M52210DEMO (DEMO board) do the following:

» Send and receive data/information through a USB connection from the DEMO board (USB device)
to the PC (USB host).
* Send and receive the following data/information. See Figure 1:

— Interrupt transfer — receive accelerometer data on x, y and z axis periodically from Freescale
part number A7260.

— Control transfer — send and receive time using a real time clock (RTC) taking advantage that
the RTC must be enabled once.

— Bulk transfers — send typed information from the PC GUI text box to the DEMO board. The
Freescale board receives information using universal asynchronous receiver transmitter
(UART) interface.

B Freescale ColdFire MCF522xx App

Intermupt Transfer Control Transfer
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Enable RTC

z s [ seTTmME |
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GET_TIME
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UART: 115.2Kbps 8-N-1

Mumber of characters: 0

About

Figure 1. PC GUI

* The PC USB driver installation is required once.

* The PC USB driver used is the WinUSB from Microsoft Windows Development Kit (WDK). The
executable file was built using Microsoft Visual Basic 2008 Express Edition. The Dynamic link
library (DLL) includes an API to work with Freescale MCF522xx USB. All the software used on
the PC is free to distribute. The DLL name is FSLwinusb.dll.
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2.2

Getting Started with Software

Basic Steps for Testing the Application Note Software

To test this application note, the following steps must be followed:

2.
3.

Download the CMX stack from the Freescale webpage and accept the license.
Download the CMXUSB_LITE folder and unzip.

Download the AN3750SW.zip into the CMXUSB_LITE folder. This step is important because it
avoids access path problems during compilation.

The following files are included in the software:

— ColdFireUSB.exe — This is an application running on the PC. The NET Framework 2.0 must
be installed before using the executable file.

— FSLwinusb.zip — This is the installation file requested by the PC when the ColdFire board is
connected.

— usb_app.elf.s19 — Flash object image for the MCF52210 MCU.
— Bulk_app.zip — Code for the M52210DEMO board.

— VisualBasicUSB — Code for Visual Basic on the PC.

Download the usb_app.elf.s19 file onto the M52210DEMO board.

Connect the M52210DEMO board to a PC using a USB cable. The PC must have Windows XP or
Vista installed.

Reset the board. For more information on how to use the board go to the M52210DEMO Hardware
User Guide document written for Freescale, located on the web.

For details on how to download the code to ColdFire boards go to the following documents inside
the CodeWarrior path installation:

C:\Program Files\Freescale\CodeWarrior for ColdFire VV6.4\Help\PDF\ Targeting_ColdFire.pdf
After steps from 1 to 8 a default window appears. See Figure 2:

Found MNew Hardware Wizard

Welcome to the Found New
Hardware Wizard

Thiz wizard helps you inztall software for:

USE Device

\j If your hardware came with an installation CD
2 or floppy disk, insert it now.

Wwhat do you want the wizard to da?

% Install the software automatically [Fecommendedf

" Install from a list or gpecific location [Advanced)

Click, Mext to cantine,

< Back: I MWewt » I Cancel

Figure 2. Found New Hardware Wizard - Part 1
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Getting Started with Software

10. Select the option, Install from a list or a specific location [Advanced] and click Next. A new default
window appears. Click Browse and select the FSLwinusb carpet as shown in Figure 3. Click next.

Found New Hardware Wizard

Please choose your search and installation options. .

& Search for the best driver in these locations,

|Jze the check boxes below to limit or espand the default search, which includes local
pathz and removable media. The best driver found will be inztalled.

[ Search removable media [floppy, CO-ROM...)

V' Include this location in the search;
[CAFSLuinusb =]

" Don't search, | will choose the driver ko install

Choose this option bo zelect the device driver from a list. Windows does not guarantee that
the driver you chooze will be the best match for your hardware.

¢ Back | feut > | Cancel

Figure 3. Found New Hardware Wizard - Part 2

11. The INF and SYS files are then installed. See Figure 4 and Figure 5:

Found New Hardware Wizard

Please wait while the wizard installs the software. _. .
_\> WINLUSBdriver

7 [/

< Bach | et | Catize] |

Figure 4. Found New Hardware Wizard - Part 3
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Found New Hardware Wizard

Please wait while the wizard installs the software. _.

Getting Started with Software

_\> WML SB driver

WinlSEColnztaller.di
To CANWINDOWShapstemn3Z2

< Back [ext » | Lancel |

Figure 5. Found New Hardware Wizard - Part 3

12. A message then appears informing installation has been finished. See Figure 6. Click Finish.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

%

The wizard has finished installing the software for:

\> WIMUSBdriver

Click Finish to close the wizard.

< Back I Finizh I

[Carmel |

Figure 6. Completing the Found New Hardware Wizard

After following the prior steps, launch the ColdFireUSB file.
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Getting Started with Software

NOTE

The application note software does not work unless the ColdFire DEMO
board has enumerated with the PC.

The ColdFireUSB file can communicate with the DEMO board. The WinUSB is installed in the Add or
Remove Programs list from the control panel shown in Figure 7:

Currently installed programs:

& Add or Remove Programs

[T show updates

Sort by: IName - l

=10]x]

% Microsoft \MET Framework 1.1

ﬁ! Iicrosaft JMET Framework 1.1 Hotfix (KESZ&366)

ﬁl Microsaft Compression Client Pack 1.0 For Windows P
j Microsoft Office Communicator 2005

a Microsoft OFfice Communicator 2005 MUT Pack,
g} Microsoft Office Professional Edition 2003

ﬁl Microsoft OFfice Visio Yiewer 2007

E} Microsoft Organization Chart 2.0

ﬁ! Microsoft User-Mode Driver Framework Feature Pack 1.0

your computer, click Remove.

ﬁ! M3xML 4,0 SPZ (KB936181)
£ PowerDVD 5. 1

& QuickTime

& RealPlayer Enterprise

B p5a SecurID Software Token

ﬁl Shockwave

|88 Swmant e Antivie

Size

Size

Size

Size

Size

Size

Size

Size

Size

Size

-

13.99MB

11.32MB

694, 00ME

14.87MB

1.88MEB

Remave

2.60MB

1.73¥MB T
72.96MB
0.85MB

1.01MB

-
0 01ME:

Figure 7. Control Panel > Add/Remove Programs View

No additional hardware is needed to test this application note.

2.3

Running the ColdFireUSB Application

The software included with this application note has the following features:

Interrupt transfer — Move the DEMO board slowly and watch how the accelerometer (X/Y/Z)
readouts change

Control transfer — To start the real-time clock on the MCU, press the Enable RTC button:
a) Write actual time and date in the days, hours, minutes, and seconds boxes

b) To initialize the RTC values press the SET_TIME button
c) To retrieve the updated RTC reading press the GET_TIME button
Bulk Transfer — Configure the PC HyperTerminal to setting 115200,8—N-1
Connect the serial cable from the PC to the COM port on the DEMO board

Using a USB Device with ColdFire® OTG Module MCF522xx and a PC, Rev. 0
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3.1

ColdFireUSB Protocol

Type a text in the window. After completed, press the Send button to transmit the text box contents
to the DEMO board

NOTE
The text only transfers from the PC to the DEMO board.

ColdFireUSB Protocol

USB Customized Data Packets between the PC and Demo board

Data is sent and received between the PC and demo board using customized control packets for this
application note. RequestType numbers are arbitrarily selected.

Table 1. Customized Control Transfer Descriptions

Request Type Direction RequestType Description

UART_BULK_TRANSFER ouT 0x76 Sends the number of bytes
transferred on a bulk transfer

RTC_ENABLE ouT 0x35 Enables the RTC controller.
One byte is sent

RTC_GET_CLOCK IN 0x56 Receives RTC time. Five
bytes are received

RTC_SET_CLOCK ouT 0x49 Sends RTC time. Five bytes
are sent.

4

4.1

Using the CMX USB Stack with ColdFire MCF522xx

MCF522xx Software Features

The software released with this application note has the following characteristics:

Project tested in CodeWarrior 6.4 v and 7.0 v. An individual project file for each version is
provided.

One control endpoint (default endpoint 0)

One bulk endpoint (OUT) and one interrupt endpoint (IN)

Customized control transfers manage the RTC

Interrupt transfers manage the on board accelerometer

Bulk transfers manage the UART

A customized USB class to communicate between the PC and demo board

Customized control packets are sent from the PC to the demo board that requests an action for
controlling the RTC and bulk transfer length.

The demo board periodically sends USB interrupt transfers. These tranfers are read every 16
miliseconds.

Using a USB Device with ColdFire® OTG Module MCF522xx and a PC, Rev. 0
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Using the CMX USB Stack with ColdFire MCF522xx

» By changing the power jumpers on the demo board, the demo board receives power from the HOST
controller .

» After starting the RTC controller it uses energy from the capacitor (1.5 F) acting as a battery.
* The following MCF52210 modules are used:

— USB OTG controller

— RTC

— ADC

— DMA

— UART

4.2 First Approach to the Demo Board

Figure 8 shows the organized codes for the MCF5221x with CodeWarrior. Table 2 shows the function of
each file:

+{_] Code' amriar k. g =
+{_3 CM=USE_LITE AE. aE
—-E3 USB application 7K 218 -
=423 Drivers T BT .
- uart-dma 1K, 0«
Bl uvart-dma.c 1504 0 e
- uart-dma.h 0 0
S ush 1k 183 +
~f ush_descriptar.c 520 170«
-l ush_descriptarh 0 0
Bl ush_diver.c 1260 13 =
Bl ush_diverh 0 0
3 qzpi 1k a0
@l gspi.c 1344 a0
-l qzpih 0 0
=] ic 2K, 554
o A 2224 Ah4
- i2ch 1] 1]
1 E9 ad: 228 0+
-~ ade.c 224 0+
-l ade.h 0 0
e L0 516 0«
Ml re.c B1E 0 e
-l rteh 0 0
@ app_main.c 416 1 +
27 files a2k 1k

Figure 8. Files in Project
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Using the CMX USB Stack with ColdFire MCF522xx

Each file has an action. These actions are illustrated in Table 2:
Table 2. File Description

File names Functions
app_main.c Joins the entire project making
possible the USB communication
usb_driver.c File containing the USB
control/interrupt/bulk request for
IN/OUT transactions
usb_descriptor.c USB descriptors for the device
gspi.c Driver that controls a SPI memory
iic.c Driver that controls an IIC memory
uart_dma.c Driver that controls DMA with UART
adc.c Driver that controls the
accelerometer using ADC
rtc.c Driver that control the RTC
usb_config.h Link between CMX stack and

application note software

mcf5222x_vectors.s |Vector table connects the interrupts
to the proper exception routine

4.3 Changing the USB Device Descriptor in the Project

The Usb_descriptor.c contains the device information. To learn more about device descriptors consult
Freescale application note AN3492 — USB and Using the CMX USB Stack.

In this example code and for future applications, the following information is highlighted and must be
customized for each descriptor:

» Customized USB class — This can define customized control packets, number of endpoints, and
other behaviors depending upon the programmer’s needs.

» USB vendor and product ID — These two variables must be equal to the INF file in Windows. The
operating system (OS) associates the device descriptor to a specific PC USB driver. The VID and
PID are selected arbitrarily in this application and are not intended to be used for production.

» Size of the device descriptor — If variables are added or removed from device descriptor, the size
variable must be changed.

* Number, type, size and direction of endpoints — Depending on your application; number defines
the amount of pipes created, type selects from four kinds of endpoints (control, bulk, isochronous,
and interrupt), size is the maximum packet length driven by the device, and direction defines if the
packets come from or go to a USB host. The project endpoint map is shown in Figure 9.

Using a USB Device with ColdFire® OTG Module MCF522xx and a PC, Rev. 0

Freescale Semiconductor 9



Using the CMX USB Stack with ColdFire MCF522xx

Device descriptor

Configuration descriptor

Interface descriptor

EndPoint 1 EndPoint 2
interrupt bulk
(IN) (OUT)

Figure 9. Device Descriptor Map

In this application, endpoints have the following functions:

» Endpoint 0 (default IN/OUT) — Sends and receives standard control transfers. Customized
packets are added for control:

— Bulk transfer length

— RTC enable command

— RTC receive-clock

— RTC send-clock
» Endpoint 1 (IN) — Periodically sends the state of the accelerometer.
* Endpoint 2 (OUT) — Receives bulk transfers from the host.

NOTE

A control transfer sends the length of a transfer. The data length is limited
to 1024 bytes.

4.4 UART, DMA, RTC and ADC Drivers

For a fast response from the PC the UART, DMA, RTC and ADC modules are managed by interrupts.
These drivers are adapted to manage peripherals. For example, the accelerometer and the 32.768 KHz
oscillator. The data read from the accelerometer is sent in a raw format to a PC. No filter is applied.

4.5 USB Device Jumpers

The board was designed to give power when working as a USB host and receive power when working as
a USB device. Table 2 are the required positions for the jumpers.

Using a USB Device with ColdFire® OTG Module MCF522xx and a PC, Rev. 0
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PC USB Host Software

Table 3. Jumper Positions

Jumper Position

+5V_SEL VUSB
+3V_SEL VUSB

FLT SET
MODE P

DP REMOVE
DM REMOVE
JP1 RTC

J4 1-2

If the demo board is not self-powered it must receive power from the USB receptacle and notifies
self-power change to the device descriptor.

JP1 must be set to the RTC option for oscillator to work, otherwise it does not work. If JP1 is not set the
GUI time buttons (Enable RTC, Get RTC and Set RTC) freeze the firmware and the GUI.

5 PC USB Host Software

5.1 Project Features

The GUI has the following characteristics:
* Programmed with the Microsoft Visual Basic 2008 Express edition.
» FLSwinusb.dll file is used to communicate the USB low-level driver and the GUI.

» WidfColnstaller01005.dll and WinUSBColnstaller.dll are files needed for the USB low level
drivers. These files come from Windows Development Kit libraries, available on the Microsoft
website.

» The GUI only works on computers with .NET Framework 2.0 or greater.
» The USB driver can be installed on Windows XP with SP2 and Windows Vista 32-bit edition.

5.2  Generic Driver for a PC Application

The following details must be used to change the Visual Basic project included with this application note:

* USB_API.vb — Connects the DLL file containing all the functions available from the usb driver.
A brief explanation of each function is included.

* GUIl.vb — Contains all the DLL functions and how it works when opening and closing the USB
port on the PC.

The INF file (FSLwinusb.inf) vendor and product ID must be the same as included in the device descriptor
file of the demo board. In this example, the driver uses a VID = 0x1983 and a PID = 0x0101 shown in
Figure 10.

Using a USB Device with ColdFire® OTG Module MCF522xx and a PC, Rev. 0
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PC USB Host Software

The 32 hexadecimal DevicelnterfaceGUIDs number must be the same for the executable file and the INF
file.

[Manufacturer]

%ProviderName% = MyDevice_winUSB,NTx86,NTamd64

;5> use your own PID and VID

[MyDevice WinUSB_NTx86]

%USB\MyDevice.DeviceDesc%=USB_Install, USB\\VI D_1983&PID_0101 |

[MyDevice WinUSB.NTamd64]
%USB\MyDevice.DeviceDesc%=USB_Install, USB\VID_1983&PID_0101 |

[Dev_AddReq]
; use your own GUID!!!
HKR, ,DevicelnterferaceGUIDs,0x10000, "{jC3AFBF6C—7C33—11DC—9733—2CD755D8959$}"

Figure 10. PID and VID on the FSLwinusb.INF File

Figure 11 explains how these variables must match.

PC Demo Board
USB executable file INF
(visual basic) emedQed
application
GUID number GUID number
ColdFire USB
descriptor
DLL
FSLwinusb.dll PID/VID i PID/VID
usB
HOST < » DEVICE

Figure 11. Variables in the PC, INF, and Demo Board

5.3 WinUSB API

The use of the Visual Basic 2008 Express Edition does not require buying a license and can be downloaded
from the Microsoft web page. The DLL provided with this application note is a generic file that does not
need to be changed and can be used on more complex USB applications. The only files that need to be
changed are the Visual Basic code and the INF file.

The PC USB application source code and description is provided with this application note.

For more information about WinUSB functions, consult the WinUSB API from the Microsoft website.

Using a USB Device with ColdFire® OTG Module MCF522xx and a PC, Rev. 0
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Conclusion

5.4  Starting a Project with Visual Basic and FSLwinusb DLL File

The best way to start a new USB application is to use the Visual Basic USB source code as a starting point.
It contains data types, and functions needed by the USB DLL. The DLL file names can not be changed or
the application will not work.

6 Conclusion

This application note proposes a simple and low cost solution for the MCF522xx OTG MCU family that
requires a method to send and receive information to a PC running Windows XP or Vista OS.

Included is the application note software that can be used as a starting point to build more complex USB
applications with a few changes.

7 Considerations and References
» Find the newest software updates and configuration files for the MCF522xx on the Freescale
Semiconductor home page, www.freescale.com.

» This application note uses MCF52210 and MCF52211 MCUs. However it can be adapted to all V2
with internal ROM memory and a USB OTG controller.

* The M52210DEMO Development Board was employed for the USB software demo.

* For more information of the USB for the MCF52211 go to the MCF52211 ColdFire Integrated
Microcontroller Reference Manual at www.freescale.com.

» The USB application software was developed in CodeWarrior for ColdFire 6.4 vand 7.0 v.

» Download the application note software from www.freescale.com. Inside the AN3750SW.zip are
CodeWarrior source codes and a Visual Basic project to control the USB in a PC with Windows
XP or Windows Vista 32-bit edition.

Using a USB Device with ColdFire® OTG Module MCF522xx and a PC, Rev. 0
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