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1 Introduction

This document is a reference to get the universal serial
bus (USB) module of the Freescale MCF522xx ColdFire
microcontroller unit (MCU) to work as a bridge between
a PC with Windows OS and two EEPROM memories
using SPI or IIC protocol. A basic knowledge about
USB, IIC, SPI protocol, Visual Studio® and C-language
is assumed. For more information about USB see
AN3492.
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2.1

USB/IIC/SPI Bridge’s Features

Getting Started with the ColdFire Example Software

Figure 1 shows the graphical user interface (GUI) included with this application note. The ColdFire
example software performs the following actions:
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Figure 1. GUI Main Window

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0

Interchanges data from the M52221DEMO (USB device) board to a PC (USB host) through a USB
connection.

Read and write 8-bit IIC and SPI memories as individual bytes (Figure 1) or entire memory device
content (Figure 2).
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IC Memory E|
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0x00 |8}"654321 | 0 | o
0x10 0 | FF3334 | FFFFFFOF &7

0x20 | 44754455 | 72206275 | 7320695E | 75035E74
|01(30 | 115633656 | 75205053 |696C69?ﬂ | 73207468
0x40 | 51742069 733 3 | 6F206174

0x50 3 0 0 0
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0x70 a 59595959 FEErrrrT T

0x80 | 65646465 | 64207379 | 73746560 | 2C206F72

Dx90 | 2063656C 345F | 6E652EFF | 65566567
OxAD | FFO2FF | FFFSFFF 123 | 7FFFFFFF
OxBO | FFSSFF | SSFFSSFF | 77FF77FF | FRRFFFFF
OxCO | AFFOOFF | FFOOFF | FFFFFF | 45202
0xDO | IFF1IFF | FFOOFF 0 | 22FFaeFF

OxEQ | FFOOFF | 77FF77FF | 99FF66FF | FFFFFFFF
0xF0 1 1 1 1

Update

Figure 2. Read Memory

3. Read 256-bytes memories.
4. PC USB driver installation is required one time only.
5. USB connection failures are notified by error alerts.

2.2 Basic Steps to Test the ColdFire Example Software

1. Download and install the CMX stack from www.freescale.com and accept the license of use.

2. Download AN3530SW.zip and unzip it inside the CMXUSB_LITE folder.

3. The following files are included in the Starting with USB folder:
— USB-IIC-SPI.exe: application running on the PC.
— Bulkusb.inf: Installation file requested by the PC when the ColdFire board is connected.
— Bulkusb.sys: Driver file requested when the ColdFire board is connected to the PC, must be in

the same folder as bulkusb.inf.

— Usb_app.elf.s19: flash object image for the MCF52221.

4. Flash usb_app.elf.s19 file into the M52221DEMO board.

5. Reset board and connect the M52221DEMO board to a PC with Windows® OS through a USB
cable (host).

6. The message in Figure 3 appears. Select the “Install from a list or specific location” option.

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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Getting Started with the ColdFire Example Software

Found Mew Hardware Wizard

Welcome to the Found New
Hardware Wizard

Thig wizand helps you install software for:

Bulk sk Sy= Freescale ColdFire USE Bulk 10 Test Board

I:-) If your hardware came with an installation CD
2 or floppy disk. insert it now.

What do you want the wizard to da?

(%) Install the software automatically (Recommended)
() Install from a list or specific location (Advanced)

Click Next to continue.

I Mext > l[ Cancel ]

Figure 3. Pop-up Window after Connecting the M52221DEMO Board
NOTE

For a further explanation about this board and how to use it, see the
M52221DEMO_UG document at www.freescale.com.

For more details about how to target code to ColdFire boards, look at the
Targeting Coldfire document inside the installation.

7. Select the “Include this location in the search” option. Browse the folder where the .inf and .sys
files are located, as shown in Figure 4. Click next.

Found New Hardware Wizard

Please choose your search and installation options. .

(%) Search for the best driver in thess locations.

Use the check boxes below to limit or expand the default search, which includes local
paths and removable media. The best driver found will be installed.

[[] Search removable media floppy, CD-ROM...)
Include this location in the search:

D-\Profiles\b 08862\ Desktop'\Starting with USB |+

() Dont search. | will choose the driver to install.

Choosge this option to select the device driver from a list. Windows does not guarantes that
the driver you choose will be the best match for your hardware.

[ < Back ][ Neat = ][ Cancel

Figure 4. Browsing the .inf and .sys Files

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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ColdFire USB Transactions Explanation

8. A message informing that the installation is finished appears (Figure 5).

Found New Hardware Wizard

Completing the Found New
Hardware Wizard
The wizard has finished installing the software for:

BulkUsb . Sys Freescale ColdFire USE Bulk /0 Test
Board

Click Finish to close the wizard.

Figure 5. USB Device Installation Completed

9. The USB-IIC-SPI.exe executable file is ready to read or write into the IIC and SPI memories.

NOTE

Figure 11 shows the electrical connections between the memories and the
ColdFire board.

3 ColdFire USB Transactions Explanation

3.1 USB Customized Data Packets between PC and ColdFire Board

Figure 6 explains how data is exchanged between the PC and the ColdFire board. According to the USB
specifications, all transfers are started from the host, so the ColdFire board is always listening from
endpoints 2 and 4. After receiving a specific code, the host initiates the writing/reading instructions to the
ColdFire.

For example, to read the entire SPI memory, the host sends two longwords through endpoint 4. The first
longword is the READ MEMORY command (0x500) code and the second longword is the memory
command code, SPI CODE (0x55) in this case. After sending the instructions, the host is set in listening
mode and expects 256 bytes from endpoint 3. The ColdFire device sends 256 bytes containing the data
read from the SPI memory. This is the case for the other transactions, except form endpoint 2 that doesn’t
return any data.

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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Endpoint 2 (OUT]): 3 longwords
_,_,—/\—._._
~ T
R R R
31 7 l o 31 7 l 0 31 7 l 0
IC_CODE = 0xAA T
SPICODE = 0x55 Address (0-255) Data (0-255) \é\:nstlglgrlnn‘;?n!%
Endpoint 4 (OUT): 2 longwords
M
~ N
IR
3 15 l 0
o~ B Reading into IIC or SPI
READ_IIC_BYTE = Ox1AA ‘ ‘ memory and sending 4
I bytes through
31 7 0 Endpoint 1 (IN)
READ_SPI_BYTE = 0x155 Address (0-255)
| [ ¢ ]
31 ?IIC COD+E 0 AOA Reading into 1C or SF|
_ — =X memory and sending
\_ READ_MEMORY = 0x500 256 bytes through
Endpoint 3 {IN})
| [ ¢ ]
3 7 v 0

SPI_CODE = 0x5%

Figure 6. USB Protocol

3.2 Testing Codes Between the Host and the ColdFire Board

The requirements are:

* A PC with Windows XP Professional service pack 2 or Windows XP Professional without service
pack.

* A USB protocol analyzer. This ensures the packets arrive in a reliable way.
A MS52221DEMO board rev C.

* Serial EEPROM AT24C02B (IIC protocol) and an AT25020A (SPI protocol). Figure 10 shows the
schematic.

4 Using the CMX USB Stack with ColdFire MCF5222x

AN3492 explains the USB and USB CMX stack in detail and can be found in www.freescale.com.

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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4.1

Using the CMX USB Stack with ColdFire MCF5222x

ColdFire Demo Software Features

The software associated to this application note has the following characteristics:

4.2

Project tested in Codewarrior 6.4v and 7.0v.

Uses a customized USB class to communicate between the PC and the ColdFire board.
Some customized packets are sent from the PC to the ColdFire to request an action.
Uses one control endpoint (default endpoint 0)

Has four bulk endpoints (2 IN and 2 OUT)

Always listening to two endpoints. After receiving a message, it is decoded and validated, and then
proceeds to send or receive information according to the message receive.

It doesn’t receive power from USB host, but takes it from an external power supply or the USB
debugger cable (default configuration) included on the M52221DEMO board.

The ColdFire board has connections to two kind of memories: IIC memory (part number: 2402)
and SPI memory (part number: 2502).

Two pull-up resistors were included for serial data (SDA) IIC memory and serial output (SO) SPI
memory because internal pull-ups in MCF5222x are too weak and these pins have an output
collector configuration.

A delay of 5 ms was included after each IIC memory write because of memory specs.

First Approach to the ColdFire Board

Figure 7 shows the tree code for MCF5222x with Codewarrior. Table 1 describes some of the files in the

project.

+{_] Code'W arrior
—=5 CM=USB_LITE
(27 wart-dry

-] terminal
=R ush-driver

B §.::0_config.h
{7 thirlib

+7 timer-dry

{2 mst-drv

2] hid-demo-flash
—-E3USE application

=-E3 Drivers

= iic

) bulk_descriptar.c

M bulk_descriptarh

M bulk_driver.c

- bulk_driver.h
@l app_main.c

Figure 7. Project in CodeWarrior

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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Using the CMX USB Stack with ColdFire MCF5222x

Table 1. Files Description

File Purpose
app_main.c Makes the USB/IIC/SPI bridge
possible.
bulk_driver.c Contains the USB bulk requests for

IN/OUT transactions.

bulk_descriptor.c

USB device descriptor

qspi.c SPI memory driver
iic.c IIC memory driver
usb_config.h CMX USB stack to point to demo

software

mcf5222x_vectors.s

Vectors table directs interrupts to the
proper exception routine.

4.3 Adding Interrupts in the CodeWarrior Project

USB/IIC/SPI bridge uses interrupts for USB (level 3), SPI (level 2), and IIC (level 1) giving a higher level
to USB and going down to SPI and IIC modules.

The USB handler has the highest priority because it needs to drive a fast response from the host to avoid
missing messages. Each ISR is mapped in MCF5222x_vectors.s file and defined on its respective driver
file as shown in Figure 8.

vectord2:
vectord3:
vectordd:
vectordS:
vectordbt:
vectord?:
vectordd:
vectordd:
vectorda:
vectordb:
vectordc:
vectordd:
vectorde:
vectordf :
vectors0:
vectoxrSl:
vectorS52:
vectorS3:
vectoxrty:
vectorSs:
vectorSe:
vectors?:
vectorS8:
vectors9:
vectorSa:
vectorSh:
vectorSc:

.long
. long
. long
. long
. long
. long
.long
. long
. long
.long
. long
long
.long
.long
long
.long
.long
leng
.long
.long
.long
.long
. long
.long
.long
. long
.long

irq _handlerd42 = EFF2 =~
irg_handler43 = EFF3 =/
irg handler4d4 = EPF4 =~/
irq _handler4S = EFFS =~
irg_handlerd4é = EFFe =
irg handler4? = EPF7 =~/
irq _handlerd48 = SWTI =~
irg_handlerd4d = DMAD =~
irg handlerdas ~# DMALl =~/
irq _handlerd4db = DMAZ =~/
irg _handlerdc = DMA3 =~
irg handlerdd = UARTO #~
irq _handlerd4e = UART1 =~
irg _handlerdf = UARTZ %~

12c_handler su L2C %/

33
irg handlerS3 # DTIMO #*~
irg _handlerS4 = DTIM1 =~
irg _handler55 = DTIHZ =~
irg handlerSe = DTIMI =
irq _handlerS57? = Reserved

.extern _irqg handler?S

.extern _irqg handler76
.extern _irg handler?7
.extern _irqg handler?78
.extern _irqg handler?9
.extern _irg handler?a
.extern _irg handler7b
.extern _irqg handler?c
.extern _irg handler?7d
.extern _irg handler7e
.extern _irqg handler7f
extern _low level init

[ .Exterln _usD_lt_handler
.extern _uart_it_handler
.extern _12c_handler

= 1orl * .extern _QSPIlIsr

TERTEIT ML
.bss

dil_reset:

_d0_reset: .long 0

dl_reset:

irg _handler58 ~= Reserved
irg handlerS$9 # Ressrved
irq _handlerSa = Reserved
irg _handlerSbh ~# Reserved
irg handlerSc % Reserved

—declspec({interrupt . 0)

void 12c_handler(void)

_dl_xeset: .long 0

Ctext

/% Tenp variable for dummy reads =~

hoo_ufd dummy_read;

s® Claayr the I2C Interrupt Flag., =~/
MCF_I2C_I25R &= ~MCF_I2C_I25R_IIF:

Figure 8. Steps to add an Interrupt in CodeWarrior

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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Using the CMX USB Stack with ColdFire MCF5222x

Changing the USB Device Descriptor

Bulk descriptor.c contains the device information that the USB host needs. To learn more about device
descriptors, see AN3492.

To modify the project for a different application, the following must be considered:

4.5

Customized USB class: this driver can define customized control packets, number of endpoints,
and other behaviors depending the programmer needs.

USB vendor and product ID: these parameters must be equal to the Windows INF file. The
operating system (OS) associates the device descriptor to a specific PC-USB driver.

Size of device descriptor: must be changed if some parameters are added or removed from device
descriptor.

Number, type, size, and direction of endpoints depend on the application.

— Number defines the amount of pipes created.

— Type selects from the 4 kinds of endpoints: control, bulk, isochronous and interrupt.
— Size is the maximum packet length driven by the device.

— Direction defines if packets come from or go to USB host.

Device Descriptor

Figure 9 shows the project endpoint map.

Device Descriptor

Configuration Descriptor

Interface Descriptor

32 Bytes A 32 Bytes
EndPoint 1 EndPoint 4
Bulk (IN) |32 Bytesy 256 Bytes Bulk (OUT)
EndPoint 2 EndPoint 3
Bulk (OUT) Bulk (IN)

Figure 9. Device Descriptor Map

In this application, the endpoints have the following functions:

Endpoint 1: sends the byte requested by the endpoint 2.

Endpoint 2: receives the USB requests to write a specific byte to a specific address and memory
(IIC/SPI). If a packet is decoded correctly and is a read memory packet, endpoint 2 sends through
endpoint 1 the requested byte. Otherwise, it writes the byte into a specific memory. Endpoint 2 is
always listening the USB host.

Endpoint 3: sends 256 bytes requested by the endpoint 4.

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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Using the CMX USB Stack with ColdFire MCF5222x

* Endpoint 4: receives commands, depending on the command it performs an action. If it is a request
to read entire memory, endpoint 4 sends through endpoint 3 all the information.

4.6 lIC and SPI drivers

Explaining the IIC and SPI modules is beyond the scope of this document. More information is available
at www.freescale.com. These modules are managed by interrupts because the USB host needs a fast
response. These drivers were adapted to specific memory vendors. To use another memory, some minor

changes need to be made.

4.7 USB Device Power

The board was designed to give power when it works as a USB host, but is unable to receive power when
it works as a USB device because of board connections. Table 2 describes the jumpers.

Table 2. Jumpers Position

Jumper Position
5V_SEL REMOVE
FLT SET

ILIM LO (HI/LO)
DPPD REMOVE
DMPD REMOVE

If a board needs USB device capability and is not self-powered, it should receive power from pin 1 of the

USB receptacle and also needs to be notified in its device descriptor.

2
ouT{E—m
3 i
sl e 3 —=C4
11 “T~ 100 E Tul
OUT 4 BAufF I
ouT 35V —
e EER JT_ ELEC —
seTE [ +3|3.~,_|
Lo |2 HI R37
69 1. *vK;

L 1o ¢
5K TTK
1%

_al_J J
DO MOT
\i .I'\LL

I

Figure 10. M52221 Schematic

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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PC USB Host Software

4.8 Electrical Connections

The following schematic is needed to test the software. An IIC 2402 and an SPI 2502, 256 bytes each, are
shown on Figure 11. Two pull-up resistances are included because, internally, memories have an open
collector configuration.

37K 33V
SDA SDA /WC
SCL scL Ef2:01
VSS

47K 2402

QSPI_C50 cs  VCC
QSPI_SCK SCKE /WP
QSPI_DOUT SI /HOLD
QSPL DIN bl 50 GND

MCF5222x 1502 —

Figure 11. Memories Connection to MCF5222x ColdFire

5 PC USB Host Software

5.1 Project Features

In this project, the PC is the USB Host, and the following characteristics are needed:
*  Windows operating system.
* Visual Studio 2005 using Visual C++.
* USB driver from Microsoft Windows Driver Kit (WDK), which can be found at
www.microsoft.com. After installing it, read the document C:\WinDDK\6000\relnote.htm. WDK

is replacing WinDDK to support the new Windows operating system called Windows Vista.
WinDDK is necessary to change or compile the Visual Studio project.

* Bulkusb.sys was built using WinXP x86 Free Build Environment command line found on
Programs>Windows Driver Kits>WDK 6000>Build Environments>Windows XP, a command line
program, and then using build command plus driver location.

5.2  Generic Driver for a PC Application

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

* Usb_api.c: includes the creation of all endpoints. It must change if the number of endpoints is
changed. It also contains functions to send and receive USB bulk packets. This is the heart of the
application.

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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PC USB Host Software

* Usb_driver.c: this file must not be changed. It includes the low-level communication between
Windows USB driver and any device connected to the PC.

+ ReadMemoryDlg.cpp, ReadSPImemory.cpp, USB-IIC-SPI.cppm and USB-IIC-SPI-DIg.cpp files
are used to handle GUI and usb_api.c. These files change if the application appearance (GUI:
buttons dialogs, etc) needs to look different.

» The INF file (bulkusb.inf in this project) vendor and product ID must be the same as included in
the device descriptor file, on the ColdFire board. In this example, the driver uses a VID of 1234
and a PID of 5678.

[Manufacturer]
tHMfgName¥=Microsoft, NTx86, NTiae64, NTamdé64d

[Microsoft .NTx26]
%U531VID_123&&FID_56?3IDeviceDesc%=3ULKU53.Dev, USElVID 1234&FPID SETSI

[Microsoft . NTiab4]
%U531vID 1234&PID 56?3'DeviceDe5c%=3ULKU53.Dev, USElVID 1234&FPID 56?3'

[Microsoft .NTamd64)
%USE‘VID 1234&FID 56?3|DeviceDesc%=3ULKU53.Dev, U531VID_123&&PID_56?3|

Figure 12. PID and VID on Bulkusb.inf File

5.3 Getting the Microsoft USB Host API

The use of Windows Visual Studio requires a license. Otherwise, WDK is free and can be downloaded
from Windows web site. USB driver from WDK can be compiled through a DOS command line. Microsoft
Visual C++ 2005 Express Edition, a free Microsoft tool, cannot be used with this project because it does
not contain some files needed by the USB driver.

These are the functions needed to drive USB host function:

usb open device ()
Is the USB initialization. Called one time before any USB transaction.

usb close device()
Called when the USB device and pipes handles need to be closed.

usb write (unsigned char * data, int length )
Sends an array of data through an specific endpoint of a specific length. Function declaration
includes the number of endpoint, so usb_api.c must be changed to define a new endpoint
number.

int usb read(unsigned char * data, int length )
Receives an array of data through an specific endpoint of a specific length. Function
declaration includes the number of endpoint, so usb_api.c must be changed to define a new
endpoint number.

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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PC USB Host Software

Solution Explorer - Solution 'USB-T1... -« @ X

= E
_: Solution 'USB-TIIC-SPI' (1 project)
= |54 USB-TIC-SPT
=l | Header Files
h] ReadMemaryClg.h
h] ReadSPImemory.h
] Resource.h
] stdafch
h] USB-TIC-SPLh
h] USE-IIC-5PIDIg.h
] usb_api.h
h] ush_driver.h
h] usb_user.h
+ | Resource Files
- |5 Source Files
Ej ReadMemoryClg.cpp
l'rj ReadSPImemory.cpp
] stdafx.cop
4| USB-TIC-SPL.opp
€+ USB-TIC-5PIDIg. cpp
o EXEEy
f-j usb_driver.cpp
=) |5 USE drivers
E[sg setupapi.lib
4 usbd.lib
[Z] ReadMe bt
- 5] USB_DRIVER (unavailable)

Figure 13. Visual Studio Overview

5.4 Compiling Microsoft USB Host API

The WinDDK must be previously installed to compile the USB-IIC-SPI project. Its size is around 1.6 GB.
The default USB driver is stored in the following path:

C:\WinDDK\6000\src\usb\bulkusb

A copy of this folder is called bulkusb_sys and stored in:
C:\WinDDK\6000\src\usb\bulkusb sys
After that, the build command is executed, as explained in Section 5.1, “Project Features™. The build

command outputs a SYS file that manages all low-level USB transactions between the host and the device.
This and the INF files are requested each time a device is connected to a new PC with Windows OS.

5.5  Starting a Project with Visual Studio and Microsoft USB Host API

The best way to start a new USB application is to use the USB-IIC-SPI project as a starting point because
it includes all the necessary files to compile. Otherwise, these steps are useful for the design of a new
project using Visual Studio:

1. Go to Files>New>Projec> Visual C++>MFC>MFC Application. A window pops up, select the
items as shown in Figure 14.

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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MFC Application Wizard - Test

[—
e Application Type

===

Qverview

Application Type

User Interface Features
Advanced Features

Generated Classes

Application type:
() Single document
() Multiple documents
() Dialog based
[ use HTML dialog
() Multiple top-evel documents
Document\iew architecture support

Resource language:

Project style:
Windows Explorer

(%) MFC standard

Use of MFC:
(") Use MFC in & shared DLL
(%) Use MFC in a static library

|Eng|i5h (United States) b

[ use Unicode libraries

[<Previous H Next = ” Finish H Cancel

Figure 14. Visual Studio Wizard

2. Selected the project properties as shown in Figure 15.

Bl General
Qutput Directory
Intermediate Directory
Extensions to Delete on Clean
Build Log File
Inherited Project Property Sheets
B Project Defaults

$(SolutionDir)${ConfigurationMame)

$(ConfigurationMame)

* obj;*.ilk; = tb; = di; . th; *.tmp; *.rsp; *.pac; *.pad; $(Targetf
§(IntDir)\BuildLog.hitm

Configuration Type Application {.exe)

| Use of MFC Use MFC in & Static Library | IR
Use of ATL Mot Using ATL
Minimize CRT Use in ATL Mo

| Character Set Use Multi-Byte Character Set ]

Common Language Runtime support
Whole Program Optimization

Mo Common Language Runtime support
Use Link Time Code Generation

Figure 15. Visual Studio Properties

3. All files from the other project must be added and customized to the project, except
ReadMemoryDlg.cpp, ReadSPImemory.cpp, USB-IIC-SPI.cpp, and USB-IIC-SPI-Dlg.cpp
because of relativity to the old project. However, they can be used to know how to use WinDDK
driver. SYS carpet with USB low-level code should also be added to the project, but not compiled.
This helps to avoid some errors during compilation.

4. Finally, the project must be compiled and tested with the device to be connected.

6 Conclusion

The USB module is a versatile module with 16 endpoints that allows the programmer to build robust
applications. The software included for Visual Studio and Codewarrior can be used as a starting point for
any project that needs communication between a PC and a ColdFire. With a few changes, the Windows
application can be used with other Freescale processors like 8/16-bit MCUs, Power Architecture, and

1.MX processors.

Building a USB/IIC/SPI Bridge with ColdFire OTG Module, Rev. 0
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