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1 Introduction

This application note covers the operation and use of a
bootloader for the S12 and S12X microcontroller families
based on 180 nm technology.

The bootloader can be a convenient way to support
programming during production or “ in-system ” , where
support for the dedicated HCS12 Background Debug interface
(BDM) may not be available. Users must pre-program the
S12(X) with the bootloader during pre-production or at a
programming vendor. The bootloader resides in the MCU for
further use.

This bootloader implementation allows user software to be
downloaded into the MCU flash memory using the SCI serial
interface.

The bootloader described in this document is only an example
and comes with no guarantees and no support.

2 Hardware Compatibility

There are two versions of the bootloader:

¢ The first one is written for S12 derivatives (S12P,
S12HY, S12HA and S12G)

¢ The second one is intended for S12X derivatives
(S12XS, S12XE and S12XF)
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rnequirements
This application note applies to both versions unless otherwise noted.

The bootloader for S12 microcontrollers is not optimized for the smallest derivatives. Therefore, microcontroller
MC9S12GN16 is not supported.

Programming of D-Flash or EEPROM memories is currently not supported.

3 Requirements

For successful operation of the bootloader it is necessary to follow a few requirements.

3.1 Input pin

There are several ways to distinguish whether to start the bootloader or user application. The selection can be made on the
basis of the state of the input pin, the state of the memory cell in EEPROM memory, or on the basis of the command received
via a communication interface

This bootloader uses the first approach. After reset, the bootloader enables the pull up resistor on pin PPO and reads the status
of pin PPO to find out if the you want to execute the bootloader or the user application.

A switch, jumper, or push button with an optional pull up resistor may be placed on this pin.

VDD

10K

I] PPO

GND

Figure 1. Pin connection

3.2 Serial interface

All S12(X) microcontrollers include an on-chip serial communication interface. Notice that the RS-232 level shifter is
necessary to communicate with PC.

By default, the serial communication is set to format:
¢ 8-data bit
¢ one start bit
* one stop bit
* no parity
¢ Xon / Xoff flow control

Default baud rate is 9600. The baud rate can be changed via the bootloader’s menu to 38400, 57600, or 115200 bps.
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Functional Description

3.3 Terminal emulation program

Microsoft HyperTerminal or similar software can be used on a PC to communicate with a microcontroller. A terminal
emulation program must support communications over serial COM ports, Xon / Xoff flow control, and it must be able to send
a text file.

3.4 Oscillator

An external crystal is not necessary in the case of S12 microcontrollers. S12 microcontrollers feature an internal 1 MHz RC
oscillator used by the bootloader. The bootloader sets the bus clock frequency to 25 MHz to allow high serial communication
speeds.

S12X microcontrollers require a crystal or external oscillator for its operation. Configure the PLL in the bootloader to reach
the bus clock frequency of 40 MHz. This is to allow high serial communication speeds that increase code downloading.

4 Functional Description

The operation of the bootloader is straightforward. This section describes only the most important and specific points.

4.1 Operation

The bootloader handles all reset vectors. After reset, the bootloader’s startup routine is called. As a first step, the bootloader
reads the PPO pin status. If the value of the pin is logical zero, the bootloader starts its operation. If the value of this pin is a
logical one, the user application’s startup routine is then called. If the reset vector of the user application is not available
(word at address OXEFFE-OXEFFF is in erased state) then the bootloader is executed in any case. The user can rewrite this
code to start the bootloader or user application upon another condition.

4.2 Interrupt vectors

In case the user application is using interrupts, it is necessary to relocate the interrupt vector table using the IVBR register.
The bootloader resides in the upper fixed block at address 0xFOO0-OxFFFF. This area is protected, so the user application
cannot rewrite a default location of the interrupt vector table at 0xFF10-OxFFFF. The advantage of this solution is that the
bootloader cannot be affected by power failure that could occur when rewriting interrupt and reset vectors.

4.3 Mask set and part ID

Each silicon mask set has a unique part ID, located in two 8-bit registers, PARTIDH and PART IDL at addresses 0x001A
and 0x001B.

When the s-record is going to be programmed to the flash memory, the bootloader checks if the addresses fall within the
physical flash memory. An error is returned in case of invalid address.

The list of the currently supported mask sets and part IDs can be found in the file PartID.h in the bootloader project.

Serial Bootloader for S12(X) Microcontrollers Based on 180 nm Technology, Rev. 0, 2/2011
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5 User Guide

This section describes the step-by-step procedure to use the bootloader.

5.1 Setup procedure for the S12 bootloader

1. Open the Bootloader_S12 project in CodeWarrior Development Studio for the S12(X) v5.x. The bootloader was tested

in current versions v5.0 and v5.1.
2. Select the target as shown in Figure 2.

Figure 2. Target selection S12
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3. The decision to start the bootloader or the user application is made on the basis of pin PPO. If the PPO is low then the
bootloader is started, if the PPO is high then user application will start. If this default setting is not suitable, the user can

rewrite this code in the file Start12.s.
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5.2 Setup procedure for the S12X bootloader

1. Open the Bootloader_S12X project in CodeWarrior Development Studio for the S12(X) v5.x. The bootloader was

tested in current versions v5.0 and v5.1.
2. Open the file Config.h and set the following:
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» Set the FLASH_PRESCALER (value loaded to the FCLKDIV register) to achieve the flash operating frequency
800—1050 kHz as per the reference manual.
» Set the PLL to achieve bus frequency 40 MHz. The PLL calculator attached to this application note can be used.

3. Select the target as shown in Figure 3

Figure 3. Target selection S12X

:i7 Freescale CodeWarrior - [main.c]

Eile Edit View Search Project Processor Expert Device Inifialization  Windaow

1 B= A NG e I =R TR
Bk N | T

Bootloader_S12X.mcp l

736 3E 36 3 3E 36 33 3
*
[Dv Peemtink Croone Pre ~| ik B0 7 B | X TITSECSS
*# ALL RIGH
Files I I rder  Targets | 363636 363636 3633 6
Services p
E / Tagets X any warran
0 5124564 and functi
@ 51245128 held liabl
FREESCALE
@. 5125256 BUT HOT LI
4. 512:4EP100 4 PARTICUL
@, S12<EP7E BY FREESCA
@, 5124EQ512 SHALL FREE
@ 5121354 THIS AGREE
B 512<Ex256
@ 5124Ex128 CUSTOMER a
@ 512<F512 actions by
@ 512<F354 contractua
@ 5124F 256 or assista
supplied u
6336 363 3E 3
* File

4. The decision to start the bootloader or the application is made on the basis of pin PPO. If the PPO is low then the
bootloader is started. If the PPO is high then the user application will be executed. If this default setting is not suitable,
the user can rewrite this code in file StartS12X.s.

5.3 Bootloader Guide

1. Compile the project and download the bootloader to the MCU via BDM device.

2. Open the Microsoft HyperTerminal or a similar utility. Set the baud rate 9600 bps, 1 start bit, 8 data bits, 1 stop bit, and
flow control Xon / Xoff.

3. Make sure there is a serial cable connection between the PC and the board.

4. Hold the pin PPO low and reset the MCU.

5. The bootloader is started and the following response is received in HyperTerminal. See Figure 4.

Figure 4. Initial screen
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6. Type “a” to erase the flash memory. This is not necessary the first time because the flash has been already erased by
the BDM device.

7. Type “b ” to program the flash.

8. Now send the desired S-record as a text file — See Figure 5. Browse for S-record which is downloaded to the MCU.
For testing purposes, use demo S-records that are attached to this application note. The S-records must have a specified
format. Refer to Chapter 6, "How to write a user application" and to Chapter 7, "How to convert S-Record that will be
downloaded by the bootloader".

Figure 5. Send text file
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9. Confirm the dialog and the S-record are downloaded to the MCU. One printed star (*) means that one line of S-record
has been programmed. See Figure 6.

Figure 6. Downloading user application

Serial Bootloader for S12(X) Microcontrollers Based on 180 nm Technology, Rev. 0, 2/2011
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How to write a user application
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6 How to write a user application

You must ensure that the user application does not interfere with bootloader area 0xFO00-OxFFFF.
1. Create a new project in CodeWarrior Development Studio for Freescale HCS12(X) Microcontrollers.
2. Open the .prm file
3. Trim the segment ROM_CO000 from the origianl size 0OxCO00—0xFEFF to 0OxCO0O0—OxEFDF. This is because the area
0xFO00-OxFFFF is occupied by the bootloader and the area at address OXEFEO—OxEFFF will be used for the user
application reset vector.

If interrupts are used:

4. Trim the segment ROM_4000 from the original size 0x4000-0x7FFF to 0x4000-0x7FOF. The area 0x7F10-0x7FFF
will be used for the relocated interrupt vector table.

5. Create a vector table as shown in the attached demo applications and set the IVBR register accordingly. The IVBR sets
the interrupt vector table base address and in this case must be set to Ox7F.

Serial Bootloader for S12(X) Microcontrollers Based on 180 nm Technology, Rev. 0, 2/2011
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7 How to convert S-Record that will be downloaded by the
bootloader

The bootloader accepts s-records with global (linear) addressing. All records must be aligned to 32 bytes and the length of

records must be 32 bytes.
1. Open the SRecCvt utility (SRecCvt-GUIexe).

2. Select the device MC9S12... (it depends on used derivative), select Flash memory, and select Convert File operation.
3. Select input file format as Banked and output file format as Linear.
4. Make sure the S-record size is set to 32.
5. Browse for input file (S19 file generated by CodeWarrior) and select the destination of the output file.
6. Click on Convert.
=10 i
File Edit Help
Input File Format——— Device: Imcg513p123 j Output File Format
i (o
Banked Memory: Im Banked
 Linear & Linear
Qperation: ICl:nn'-.-'ert File j

PPAGE Base: I 8 Pages: I 8 S-Record Size: I 32

Input File 1 | |F‘|'-3'e-:.3|35.51? Outpufk File | IDEI'I'IIIIP-DDSIEPIEBLSIQ
Irput FHle 2 | |

Options
[ Flash Erased State IFF [~ Linear $4000 - $FFFF to Paged

[~ Map Fill Data |FF [T S-Record Offset I':'

Convert

Figure 7. SRecCvt

8 How to merge the user application and bootloader

The user application can be developed independently, that is without the bootloader. The user application can be loaded into
the microcontroller and can be debugged directly via the BDM device. However, for production purposes it is worth merging
the user application and bootloader together, so it can be downloaded into the microcontroller all at once as a single s-record.

This is a recommended procedure:

Serial Bootloader for S12(X) Microcontrollers Based on 180 nm Technology, Rev. 0, 2/2011
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Testing

. Open the user application that was created as per Chapter 6, "How to write a user application" in the CodeWarrior

Development Studio for the S12(X) v 5.x.

. Place a user application reset vector at address OXEFFE, so the bootloader can use this vector. Copy the following three

lines to main.c:
* extern void near _Startup(void)
* typedef void (*near tFunc)(void)
* const tFunc rst_vec @OxEFFE = _Startup

Remove the original user application reset vector.
Comment out this line in Project.prm file:
//IVECTOR 0 _Startup

. Copy the ready—made bootloader .s19 file to ..\user_application_project\bin. For example, the s-record file can be

renamed to the bootloader.s19.

. Link this file to the user application.

Use this command at the beginning of Project.prm:
HEXFILE bootloader.s19

Add the following command into the file ..\user_application_project\cmd\P&E_Multilink_CyclonePro_Preload.cmd:
FLASH NOUNSECURE

This command ensures that the burner will not automatically change the flash security byte at address OXxFFOF to an
unsecured state (OXFE) during MCU programing, therefore this phrase (0xFF08-0xFFOF) can be loaded with values
defined in the bootloader. If this command is not used, it will lead to an ECC error on this phrase, the chip will be
secured and the flash will be fully protected.

. Make the project. The final s-record is ready to be downloaded into the microcontroller by the BDM device.

Testing

The bootloaders were tested on demoboards:

DEMO9S12PFAME
DEMO9S12HY 64
TWR-S12G128
DEMO9S12XSFAME
EVBO9S12XEP100

10 Content of Zip file

All mentioned projects and utilities can be found in a zip file associated with this application note:

Bootloader_S12 — Bootloader project for S12 microcontrollers.

Bootloader_S12X — Bootloader project for S12X microcontrollers.

Demo_applications — Projects that show how to write user applications.

Converted_srecords — S-Records taken from Demo_applications that have been coverted by SRecCvt utility. These S-
Records can be downloaded into the MCU by the bootloader.

Demo_applications_with_linked_bootloader — User applications that include bootloader.

SRecCvt — Utility for S-Record converting.

S12XE_PLL_Calculator — Utility that helps to set the PLL module.

Serial Bootloader for S12(X) Microcontrollers Based on 180 nm Technology, Rev. 0, 2/2011
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