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Course Introduction
Purpose:
• The intent of this course is to explain how to configure and program/erase 

the FLASH memory.

Objectives:
• Identify the main features of FLASH memory.
• Describe security and block protection.
• Describe FLASH program and erase operations.
• Describe EEPROM emulation using FLASH.

Content:
• 23 pages
• 4 questions

Learning Time:
• 40 minutes

The intent of this course is to explain how to configure and program/erase the 9S08 
FLASH memory. 

This training course presents the main features of FLASH memory, security, and 
block protection. This course looks at how the registers related to the FLASH can 
be used and how the FLASH program and erase operations work. Furthermore, the 
EEPROM Emulation method using FLASH will be discussed.
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FLASH Memory

• Page consists of 512 bytes
• Erase operation supports one page erase and mass erase 
• Program operation performs on a one byte basis
• FLASH can be read, programmed and erased at min VDD 1.8V without any 

external voltage other than VDD.

• An internal state machine makes FLASH program/erase simple, quick, and 
easy

– One byte can be programmed in 45 µsec 
– 512 byte page can be erased in 20 ms, mass erase in 100 ms

• In-application re-programming makes field upgrade easy
• Flexible block protection and enhanced security
• Program/erase: minimum of 10K cycles, and typically 100K cycles
• Data retention: 15 year minimum and 100 year typical

Let’s begin with a look at FLASH memory. For the 9S08 microcontroller, the FLASH memory usually consists 
of one array and is organized into 512 byte pages. The minimum erase block size is a single page of 512 
bytes and programming operation is performed on a one-byte basis. An erased bit reads as a logic 1 and a 
programmed bit reads as a logic 0.

FLASH can be read, programmed and erased at a minimum 1.8V power supply. Since a charge pump is built 
inside, any external voltage other than VDD is not required. 

Program and erase operations are simple, quick, and easy as they are performed by a command driven 
interface from the microcontroller using an internal state machine. It is not possible, however, to read from 
FLASH while it is being erased or programmed.

One byte programming time is 45 µsec, but when a byte burst program is used, the one byte programming 
time is 20 µsec. A 512 byte page erase time is 20 ms and the mass erase time is 100 ms. Since 
programming time is short, production programming costs and power consumption can be reduced.

FLASH can be re-programmed via Background Debug Controller (BDC) interface, so that field upgrade 
programming is made easy. 

FLASH protection is provided with different block sizes. Security is also enhanced to prevent intrusive access 
to the microcontroller and it is stored within the FLASH module.

Program/erase endurance is 10,000 cycles minimum and typically 100,000 cycles. Data retention is 15 years 
minimum and 100 years typically. 
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MC9S08QG8 Block Diagram

This is the MC9S08QG8 block diagram. This diagram shows the modules that are 
embedded in the MC9S08QG8. One of the modules is FLASH memory. For this 
device, the FLASH memory size is 8K bytes. 

Click “Block Diagram” to examine the MC9S08QG8 block diagram in further detail. 
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MC9S08QG8 Block Diagram

Reference material for previous page
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Memory Map and Control Registers

This is the MC9S08QG8 memory map. FLASH is located from $E000 through 
$FFFF which is 8192 bytes total. 

The registers related to the FLASH are located from $1820 through $1826 and from 
$FFB0 through $FFBF. As you see in the memory map, the registers from $FFB0 
through $FFBF consist of FLASH. The details of these registers will be discussed 
next.
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FCDIV
Mouse over each field in the register for a description.

From now, the registers used for the FLASH operations will be discussed. The FLASH 
Clock Divider register (FCDIV) is located at address $1820. For the FLASH operations to 
be a success, it is very important to set this register properly.

Prior to issuing FLASH commands, it is necessary to initialize this register to divide the 
bus frequency to a range of between 150 kHz and 200 kHz. FLASH commands will not 
function if this register has not been initialized. However, this register does not need to be 
set for every FLASH operation unless the bus frequency is changed. The FLASH clock is 
usually configured during reset initialization. 

The Divisor Loaded Status Flag bit (DIVLD) is set when the FCDIV is written to after 
reset. The Prescale FLASH Clock by 8 bit (PRDIV8) and the Divisor for FLASH Clock 
Divider bit field (DIV[5:0]) are provided to give the user full control to select the required 
FLASH clock to between 150 kHz and 200 kHz regardless of the bus clock frequency. 

Roll your mouse pointer over each field in the register to see a description.

To see a formula for calculating a divider value to meet the required FLASH clock 
frequency, click “Formula”. 
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Formula

If (fBUS > 12.8 MHz)
PRDIV8 = 1

else
PRDIV8 = 0

If (PRDIB8 == 1)
fCLK = fBUS / 8

else
fCLK = fBUS

DIV[5:0] = round up INT(fCLK /200KHz) - 1
5 µs =< fFCLK = fCLK / (DIV[5:0] + 1) =< 6.7µ s

When a bus clock is higher than 
12.8 MHz, the PRDIV8 must be 
set. A FLASH clock frequency 
(fFCLK) must be between 5 µs 
and 6.7 µs.

Reference material for previous page
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Memory Security

• A security feature is implemented to prevent unauthorized access to the 
contents of FLASH and RAM

• Security is controlled by the two LSBs in NVOPT and FOPT registers
– Two bits of opposite polarity are used to prevent the security 

mechanism from being “tricked’.

• Backdoor key, which consists of eight FLASH bytes (8-Byte Comparison 
Key), is available to disable the security temporarily.

Now, let’s look at memory security. A memory security mechanism prevents 
unauthorized access to FLASH and RAM. 

Security condition is controlled by the two LSBs (SEC01 and SEC00 bits) stored at 
the Non-volatile Options register (NVOPT) located at FLASH. The two bits of 
opposite polarity are used to prevent the security mechanism from being “tricked’. 
The contents of the NVOPT is loaded into the FLASH Options register (FOPT) 
automatically during reset to determine whether the security enables or not. This 
security also protects the FLASH module from intrusive reads via BDC commands. 

However, the user can disable the memory security mechanism temporarily by 
providing an eight byte data contained in the comparison key register 
(NVBACKKEY) located at FLASH. The NVBACKKEY are $FFB0 through $FFB7. 
This key ensures that the security can not be easily disabled by a hacker. However, 
if the security mechanism is enabled but the user needs to perform product analysis, 
the security must be disabled by using the backdoor key or the array must be totally 
erased. 
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FOPT and NVOPT
Mouse over each field in the register for a description.

FOPT and NVOPT Register Field Descriptions

Here, you can see the FOPT that is located at $1821. The NVOPT consists of 
FLASH and is located at $FFBF. Both registers have the same functional bits.

The contents of the NVOPT is loaded into the FOPT during the reset sequence. At 
this point a microcontroller determines whether security is enabled or not. The value 
of SEC[1:0] bits in FOPT indicates the current security state.

The Backdoor Key Mechanism Enable bit (KEYEN) determines if the user allows or 
disallows a security unlocking mechanism through an eight byte backdoor security 
key. When this bit is cleared, the security can not be disabled using the backdoor 
security key.

Whenever any block protection is enabled, the reset and interrupt vectors are 
protected. Vector redirection allows users to modify interrupt vectors without 
unprotecting the block which is already protected. The Vector Redirection Disable 
bit (FNORED) determines if the user allows vector redirection to enable or disable. 
The details of block protection will be discussed later. 

Roll your mouse pointer over each field in the register to see a description.
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True

B
B

Done Reset Show
Solution

A

False

A

Question
Can you remember the information presented so far? Drag the boxes on 

the left to the appropriate statements on the right. Each letter may be 
used more than once. Click “Done” when you are finished.

A

A

FLASH commands will still function even 
when the FCDIV register has not been 
initialized.

Security is controlled by the two LSBs in 
the NVOPT and FOPT registers.

For the 9S08 microcontroller, the FLASH memory 
is usually organized into 512 byte pages. 

The internal state machine makes FLASH 
program/erase simple, quick, and easy.

Let’s take a moment to review the information covered so far.

Correct. 

For the 9S08 microcontroller, the FLASH memory usually consists of one 
array and is organized into 512 byte pages. Program and erase operations 
are simple, quick, and easy as they are performed by a command driven 
interface from the microcontroller using an internal state machine. Prior to 
issuing FLASH commands, it’s necessary to initialize the FCDIV register, as 
the FLASH commands will not function if this register has not been 
initialized. The security condition is controlled by the two LSBs in the NVOPT 
and FOPT registers. They are used to prevent the security mechanism from 
being “tricked’. Click the forward arrow to continue on to the next page.
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FLASH Configuration (FCNFG)

The FLASH Configuration (FCNFG) register is located at $1823. This register 
contains an Enable Writing of Access Key bit (KEYACC). When this bit is set, the 
user can disable the security using the eight byte backdoor key.
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Disabling Security
Using the Eight Byte Backdoor Key

1. Set the KEYACC bit in the FCNFG.

2. Write the correct eight bytes to the Backdoor Comparison Key 
locations ($FFB0-$FFB7). The code for the Backdoor Key access 
sequence must be executed from RAM or FLASH.

3. Clear the KEYACC bit.

4. If all eight bytes match to the FLASH content, the device becomes 
unsecured by forcing the bits SEC[1:0] = 1:0 (unsecured state).

Here is a look at the steps to disable security. Security can be temporarily disabled 
by means of the backdoor key method. In this method, the KEYEN bit must be set, 
otherwise the backdoor key does not work. 

The backdoor key method requires the following steps: first, set the KEYACC bit in 
the FCNFG register. Next, write the correct eight byte data to the backdoor 
comparison key locations. This step must be executed out of RAM or FLASH. Note 
that no byte of the backdoor key is allowed to have the value $00 or $FF. The next 
step is to clear the KEYACC bit. If all eight bytes match the FLASH content located 
from $FFB0 through $FFB7, the microcontroller is unsecured. This means that 
SEC00 and SEC01 bits in the FOPT register are forced to the unsecured state of 
SEC[1:0] = 1:0. This unsecured condition will remain until the next reset. If all of 
eight bytes do not match the FLASH content, the microcontroller remains secured.

Normally, the backdoor key values themselves would not be stored within the 
application data. This means the application program would have to be designed to 
received the backdoor key data from an external source, such as a serial port. Note 
that it is not possible to download the backdoor keys using BDC commands.
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Disabling Security

1. Disable any block protections by writing to the FPROT register.

2. Execute Mass Erase FLASH, if necessary.

3. Execute Blank Check operation. If FLASH is completely erased,
security is disabled until the next reset.

4. Program SEC[1:0] = 1:0 in NVOPT to avoid returning to secure mode 
after the next reset.

Through BDC Interface

Security can also be disabled through Background Debug Controller (BDC) commands. 
However, when this method is used, FLASH contents will be erased. 

Disabling security through BDC interface requires the following steps: first, disable any 
block protection by writing to the FLASH Protect register (FPROT). The details of the 
FPROT will be discussed later in the course. Second, execute the Mass Erase 
operation. If FLASH is completely erased, this step is not necessary. Third, execute the 
Blank Check operation. The details of the Mass Erase and Blank Check operations will 
be discussed later. Note, however, that if FLASH is completely erased, the device is 
unsecured, and bits SEC[1:0] in the FOPT are forced to the unsecured state. This 
unsecured condition will remain until the next reset.

Finally, if the user wants to remain in this unsecured condition even after the next reset, 
bits SEC[1:0] in the NVOPT must be programmed with unsecured values (SEC[1:0] = 
1:0) before the next reset.

All steps can be executed using the BDC commands.
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FPROT and NVPROT

FPROT and NVPROT Register Field Descriptions

Next let’s discuss the FLASH block protection. FLASH block protection is very important for 
protecting FLASH contents from unintentional program or erase. When any block of FLASH 
is protected, the Mass Erase operation is disabled.

The Non-volatile Protection register (NVPROT) consists of FLASH and is located at $FFBD. 
The FLASH protection register (FPROT) is located at $1824. Both registers have the same 
functional bits. 

The contents of the NVPROT is loaded into the FPROT during the reset sequence. This 
register determines whether a whole array or only subsections of a block is protected against 
accidental program or erase. The bit structure of the FPROT and the NVPROT might be 
slightly different for each 9S08 microcontroller. The FPROT shown here applies to the 
MC9S08QG8. Therefore, please refer to the proper data book to find correct bit functions in 
the registers. 

The FLASH Protection Disable bit (FPDIS) allows the user to disable FLASH case of the 
MC9S08QG8, 8K FLASH is not protected when this bit is set. On the other hand, when this 
bit is cleared, the protect block size depends on the value of the FLASH select bit field 
FPS[7:1].

The user software writes have no meaning or effect. However, BDC commands can write to 
the FPROT.
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Address Range Protection

Example 1: Protect entire FLASH ($E000-$FFFF)
For this example, the last address of unprotect memory is $DFFF
Therefore, FPS[7:1] = 1101111 

Example 2: Protect FLASH location from $E600 through $FFFF
For this example, the last address of unprotect memory is $E5FF
Therefore, FPS[7:1] = 1110010 
Redirected Vector location is $E5C0-$E5FD (if vector redirection is enabled)

Example 3: Protect FLASH location from $FF00 through $FFFF
For this example, the last address of unprotect memory is $FDFF
Therefore, FPS[7:1] = 1111110 
Redirected Vector location is $FDC0-$FDFD (if vector redirection is enabled)

Here are examples of the address protection ranges for the MC9S08QG8. These 
examples show how to determine a FPS value for a desired protection range. The 
FPS bits also affect the vector redirection if the vector redirection is enabled and 
FLASH is not entirely protected.

As mentioned before, the structure of the FPROT and NVPROT registers might be 
slightly different for each microcontroller. Therefore, the user must confirm these 
registers by referring to the appropriate data sheet. 

Take a moment to examine the address protection range examples before moving 
on to the next page.
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FLASH Status (FSTAT)
Mouse over each field in the register for a description.

The FLASH Status register (FSTAT) is located at $1825. This register contains the 
status information that will be updated after initiating a FLASH command. The 
Command State Machine will flag errors in FLASH operation sequences by means 
of the Access Error (FACCERR) and Protection Violation (FPVIOL) flag bits before 
being able to begin another command sequence. The flags must be cleared by 
writing a ‘1’ to the associated bit. 

The FACCERR flag will be set during the command sequence if any illegal 
operations are performed. Such operations will cause the command sequence to 
immediately abort.

FLASH Verified as All Blank Flag bit (FBLANK) indicates the result of Blank Check 
command.

Roll your mouse pointer over each field in the register to see a description.
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Access Errors

• An access error occurs whenever the command execution protocol is 
violated.

• Specific actions cause the access errors flag (FACCERR) in FSTAT to be 
set.

• FACCERR is cleared by writing a 1 to FACCERR

Actions

Now, let’s examine access errors. An access error occurs whenever the command 
execution protocol is violated. There are a number of specific actions that will cause 
the access error flag (FACCERR) in FSTAT to be set. FACCERR must then be 
cleared by writing a 1 to FACCERR in FSTAT before any command can be 
processed. 

To see a complete list of actions that will cause access errors, click “Actions.”
.
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Actions That Cause Access Errors
The following actions can cause access errors to occur:
• Writing to a FLASH address before the internal FLASH clock frequency has been set by 

writing to the FCDIV register
• Writing to a FLASH address while FCBEF is not set (a new command cannot be started 

until the command buffer is empty.)
• Writing a second time to a FLASH address before launching the previous command 

(there is only one write to FLASH for every command)
• Writing a second time to FCMD before launching the previous command (there is only 

one write to FCMD for every command)
• Writing to any FLASH Control register other than FCMD after writing to a FLASH address
• Writing any command code other than the five allowed codes (0x05, 0x20, 0x25, 0x40, or 

0x41) to FCMD 
• Accessing (read or write) any FLASH control register other than the write to FSTAT (to 

clear FCBEF and launch the command) after writing the command to FCMD 
• The MCU enters stop mode while a program or erase command is in progress (the 

command is aborted)
• Writing the byte program, burst program, or page erase command code (0x20, 0x25, or 

0x40) with a Background Debug command while the MCU is secured (the background 
debug controller can only do blank check and mass erase commands when the MCU is 
secure)

• Writing 0 to FCBEF to cancel a partial command

Reference material for previous page
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Step 1

B

B

Done Reset Show
Solution

A

Step 2 A

Question
How would you disable security through BDM? Drag the steps on the left 

to the descriptions on the right. Click “Done” when you are finished.

D

Execute Mass Erase FLASH, if necessary

Program SEC[1:0] = 1:0 in NVOPT

Execute Blank Check operation

Disable any block protections by writing to 
the FPROT register

Step 3

D

C

Step 4

C

Let’s take a moment to review the steps for disabling security through  BDM.

Correct. 

To disable security through BDC interface, first disable any block protections 
by writing to the FPROT register. Second, execute Mass Erase FLASH, if 
necessary. Third, execute a Blank Check operation. Note that if FLASH is 
completely erased, security is disabled until the next reset. Finally, program 
SEC[1:0] = 1:0 in the NVOPT register to avoid returning to secure mode 
after the next reset.
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FCMD Register

Blank Check Byte Program Byte Burst Program Erase

Select a button to examine the flowchart for each FLASH command.

Byte Burst program

The FLASH Commands register (FCMD) is located at $1826. 

Five FLASH operations are initiated by writing the appropriate command to the 
FCMD register. The command supports Blank Check, Byte Program, Byte Burst 
Program, Page Erase, and Mass Erase. The Mass Erase command means that the 
entire array can be erased. All other commands are treated as illegal and generate 
access errors. 

Select a button to examine the flowchart for each FLASH command. Once you have 
viewed all of the pages, click the forward arrow to advance to the next page.
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Blank Check

Byte Program

Byte Burst Program

Erase

Return to 
FCMD Register

Blank Check Flowchart
Select a button to examine 

the flowchart for each 
FLASH command.

Enlarged Version

The Blank Check command is used to verify whether the entire FLASH array is completely erased or not. The 
FCDIV register is also required to initialize. 

With the Blank Check command, a FLASH clock must be set between 150 KHz and 200 KHz, using the 
FCDIV register. Reset clears this register, so normally this write is done during reset initialization. However, 
when the FACCERR flag in the FSTAT register is set, the FCDIV cannot be written. Make sure that FPVIO 
flag in the FSTAT register is also cleared. 

You then need to write any data to any address in the FLASH memory. To execute the Blank Check operation, 
write a hex value $05 to the FCMD register.

After a command is sent, wait at least four bus cycles and then clear FCBEF. Check error flags and the FCCF 
bit. If one of the error flags is set, the user must take an appropriate action in the user software. If no flags are 
set, wait until the FCCF bit is set.

Steps between the FCBEF bit check and command completion can not be executed out of FLASH. Since a 
high voltage is applied to FLASH during these steps, FLASH cannot be read properly. Other steps can be 
executed out of either FLASH or RAM.

To get the result, check the FBLANK bit in the FSTAT register. If the FBLANK bit is set, the entire FLASH is 
erased completely. If the flag is cleared, the FLASH is not erased.

To examine this flowchart in more detail, click “Enlarged Version”.

Select a button to examine the flowchart for each FLASH command. Once you have viewed all of the pages, 
click “Return to FCMD Register” to go back to the “FCMD Register” page or click the forward arrow to 
advance to the next page.
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Enlarged Version

Reference material for previous page
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Blank Check

Byte Program

Byte Burst Program

Erase

Return to 
FCMD Register

Select a button to examine 
the flowchart for each 

FLASH command.

Byte Program Flowchart

Enlarged Version

To program FLASH successfully, a FLASH clock must be set between 150 KHz and 200 KHz, using 
the FCDIV register. Reset clears this register, so normally this write is done during reset initialization. 
However, when the FACCERR flag in the FSTAT register is set, the FCDIV cannot be written. Make 
sure that FPVIO flag in the FSTAT register is also cleared. 

You then need to write programming data to a desired FLASH address. To execute the one-byte 
program operation, write a hex value $20 to the FCMD register.

After a command is sent, wait at least four bus cycles and then clear FCBEF. Check for error flags 
and the FCFF bit. If one of the error flags is set, the user must take an appropriate action in the user 
software. If no flags are set, wait until the FCCF bit is set. This flag indicates that the operation is 
complete.

Steps between command launch and command completion can not be executed out of FLASH. Since 
a high voltage is applied to FLASH during these steps, FLASH cannot be read properly. Other steps 
can be executed out of either FLASH or RAM.

To examine this flowchart in more detail, click “Enlarged Version”.

Select a button to examine the flowchart for each FLASH command. Once you have viewed all of the 
pages, click “Return to FCMD Register” to go back to the “FCMD Register” page or click the forward 
arrow to advance to the next page.
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Enlarged Version

Reference material for previous page
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Byte Burst Program Flowchart

Blank Check

Byte Program

Byte Burst Program

Erase

Return to 
FCMD Register

Select a button to examine 
the flowchart for each 

FLASH command.

Enlarged Version

The Byte Burst Program command is used to program sequential bytes of data in less time than would be required 
using the previous Byte Program command. This is possible because the high voltage to the FLASH array does not 
need to be disabled between program operations.

To program FLASH successfully, a FLASH clock must be set between 150 KHz and 200 KHz, using the FCDIV 
register. Reset clears this register, so normally this write is done during reset initialization. However, when the 
FACCERR flag in the FSTAT register is set, the FCDIV cannot be written. Make sure that FPVIO flag in the FSTAT 
register is also cleared. 

You then need to write the first data to the beginning of a programming range. To execute the Byte Burst Program 
operation, write a hex value $25 to the FCMD register.

After a command is sent, wait at least four bus cycles and then clear FCBEF. Check for error flags. If one of the 
error flags is set, the user must take an appropriate action in the user software. Before programming the next byte, 
check the FCBEF bit in the FSTAT register. Once this flag is set, write the next data. The data is automatically 
programmed to the next FLASH location even when the location is not specified. This loop is executed until the last 
data is programmed. If no error flags are set, wait until the FCCF bit is set. This flag indicates the operation is 
complete.

Steps between the FCBEF bit check and command completion can not be executed out of FLASH. Since a high 
voltage is applied to FLASH during these steps, FLASH cannot be read properly. Other steps can be executed out 
of either FLASH or RAM.

Click “Enlarged Version” to examine this flowchart in more detail. 

Select a button to examine the flowchart for each FLASH command. Once you have viewed all of the pages, click 
“Return to FCMD Register” to go back to the “FCMD Register” page or click the forward arrow to advance to the 
next page.
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Enlarged Version

Reference material for previous page
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Erase Flowchart

Blank Check

Byte Program

Byte Burst Program

Erase

Return to 
FCMD Register

Select a button to examine 
the flowchart for each 

FLASH command.

Enlarged Version

To erase FLASH successfully, a FLASH clock must be set between 150 KHz and 200 KHz, using the 
FCDIV register. Reset clears this register, so normally this write is done during reset initialization. However, 
when the FACCERR flag in the FSTAT register is set, the FCDIV cannot be written. Make sure that FPVIO 
flag in the FSTAT register is also cleared. 

For Page Erase, write any data to any address within a page to be erased. For Mass Erase, write any data 
to any address in the FLASH memory.

To execute the Erase operation, you must write a command to the FCMD register. For the Page Erase 
operation, the command value is a hex value $40. For the Mass Erase operation, the command value is a 
hex value $41.

After a command is sent, wait at least four bus cycles and then clear FCBEF. Check for error flags and the 
FCCF bit. If one of the error flags is set, the user must take an appropriate action in the user software. If no 
flags are set, wait until the FCCF bit is set. This flag indicates the operation is complete.

Steps between command launch and command completion can not be executed out of FLASH. Since a 
high voltage is applied to FLASH during these steps, FLASH cannot be read properly. Other steps can be 
executed out of either FLASH or RAM.

If you would like to examine this flowchart in more detail, click “Enlarged Version”.

Select a button to examine the flowchart for each FLASH command. Once you have viewed all of the 
pages, click “Return to FCMD Register” to go back to the “FCMD Register” page or click the forward arrow 
to advance to the next page.
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Enlarged Version

Reference material for previous page
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Question

These steps can not be 
executed 

out of FLASH

Which FLASH command is illustrated in this flowchart? Select the response that 
applies and click Done.

a. Blank Check

b. Byte Program

c. Byte Burst Program

d. Erase

Consider this question concerning the FCMD Register.

Correct. 

This flowchart represents the Byte Program command in the FCMD register. 
For this command, once you write programming data to a desired FLASH 
address, a hex value $20 is written to the FCMD register.
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EEPROM Emulation Using FLASH

• EEPROM memory can be programmed and erased on a one byte basis.

• EEPROM memory can be emulated using S08 FLASH.

• The benefit of the EEPROM emulation is that it eliminates the need for an 
external EEPROM. This reduces system cost and component count, and 
allows for shorter EEPROM programming times.

Now, let’s examine EEPROM emulation. In some applications, the user may want to 
read a set of data from an area of non-volatile memory. This is easily implemented 
in EEPROM memory because single byte operation is allowed in EEPROM. When 
using FLASH memory, the minimum erase size is a page.  However, the FLASH 
can be used as EEPROM memory. This technique is called “EEPROM emulation”.

S08 FLASH can not be erased on a one byte basis, but it can emulate the 
EEPROM memory in the user software. The benefit of the EEPROM emulation is 
that it eliminates the need for an external EEPROM. In this way, not only system 
cost and component count are saved, but also EEPROM programming time is 
reduced.
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EEPROM Emulation

• A page is continuously programmed with a new data set without erasing the 
previously programmed locations.

• Once the whole page is completely programmed or the page does not have 
enough bytes to program a new data set, the user software automatically 
erases the page and then programs a new data set in the erased page.

• When data is read from the page, the user software must find the latest data 
set in the page since the previous data still remains in the same page.

To emulate EEPROM using FLASH, three things must be supported in the user 
software. First, a new data set is programmed in a page without erasing the 
previous programmed locations. Second, once the whole page is completely 
programmed or the page does not have enough bytes to program a new data set, 
the user software automatically erases the page and then programs a new data set 
in the erased page. Third, when data is read from the page, the user software must 
find the latest data set in the page since the previous data still remains on the same 
page.

There are many ways to monitor the page erase timing and to read the latest data 
set. One example of this is when un-programmed FLASH bytes are detected by 
checking programmed bytes (non-$FF value) in a page. In this way, the end of the 
data set will contain un-programmed data ($FF value).
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EEPROM Emulation Considerations

• The FLASH clock frequency must be between 150 kHz and 200 kHz.

• Neither the FLASH page erase or program cycles should exceed 10,000 
cycles.

• A FLASH location can only be programmed one time.

For EEPROM emulation software to work successfully, these things must be 
followed. First, each FLASH byte in a page must be programmed only one time until 
the page is erased. Second, the FLASH clock frequency must be set with a 
frequency between 150 kHz and 200 kHz during the FLASH operations. Third, the 
FLASH page erase and program cycles should not exceed 10,000 cycles, 
respectively. If these steps are not followed, the EEPROM emulation will violate the 
FLASH specification. 
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Question

Would it be accurate to say that user software must do the following three 
things when emulating EEPROM using FLASH? Select “Yes” or “No,” 
then click Done when you are finished.

1. Program a new data set in a page without erasing the previous programmed 
locations.

2. Automatically erase the page and then program a new data set in the 
erased page. 

3. Find the latest data set in the page when data is read from the page.

Yes

No 

Consider this question concerning EEPROM emulation.

Correct. 

Emulating EEPROM using FLASH requires three to be supported in the user 
software: First, without erasing the previous programmed locations, a new 
data set is programmed in a page. Second, once the whole page is
programmed or the page does not have enough bytes to program a new 
data set, the user software automatically erases the page and programs a 
new data set in the erased page. Third, when data is read from the page, the 
user software must find the latest data set in the page since the previous 
data still remains the same page. 
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Course Summary

• List the main features of FLASH memory.

• Describe security and block protection.

• Describe FLASH program and erase operations.

• Describe EEPROM emulation using FLASH.

In this course you examined the main features of FLASH memory and looked at the 
MC9S08QG8 block diagram. You examined the Memory Map and Control registers, 
the FCDIV, the FOPT, the NVOP, and the FCNFG registers. You looked at the 
steps for disabling security and disabling security through BDM, as well as address 
range protection and access errors. You explored the various flowcharts for each 
FLASH command in the FCMD register, and finally, you looked at the basic concept 
of EEPROM emulation using FLASH.


