\BO\ M8051

SEMICONDUCTOR Application Note
Flash EEPROM Emulator for ABOV M8051
AN Rev. 1.03

Introduction

EEPROM (Electrically Erasable Programmable Read-Only Memory) is a type of non-volatile memory
that retains data in the event of power failure.

On-chip flash memory is often used to replace the external EEPROM to reduce development costs.
ABOV’s 8-bit M8051 core microcontrollers require special software management to store data in their
flash memory, which is described in this application note.

The flash memory is organized into Pages consisting of a number of bytes. When writing data in a Page
that you set to use, the write/erase operations repeated at the same address wear out the flash and

shorten the life of the flash.

This application note describes a method to write the flash area, which is reducing unnecessary erase
operations and increasing the life of the flash. In this document, you can learn how to extend the life of
the flash by avoiding the use of erase operations that are repeated in one area.

As shown in Table 1, the flash EEPROM emulator supports A96G14x, A96A148, A96G174, A96S174,
A96G166, A96A166, A96S166, A96T430, and A96T448 series.

Table 1. Applicable Devices

Base Product Part Number

A96G140CL, A96G140CU, A96G140SQ, A96G140KN, A96G140KD, A96G140GD,

A96G14x A96G140GR, A96G148CL, A96G148CU, A96G148SQ, A96G148KN, A96G148KD,
A96G148GD, A96G148GR

A96A148 A96A148GD

A96G174 A96G174FR, A96G174FD, A96G174FU, A96G174AE

A96S174 A96S174FR, A96S174FU

A96G166 A96G166KN, A96G166GD, A96G166LU, A96G166FD, A96G166FR, AA6G166AE

A96A166 A96A166FD

A96S166 A96S166FR

A9ET430 A96T430CL, A96T430CL2, A96T430SN, A96T430KL, A96T430GR, A96T430GR2
A96T430GD, A96T430LU

A9BT448 A96T448GR, A96T448GR2, A96T448GD, A96T448GD2, A96T448LU, A96T448FD
A96T448AU
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Reference Document

Reference Document

The following documents are available on www.abovsemi.com:

e Datasheet for products in Table 1

e User’s Manuals for products in Table 1
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1. Write Operation of Flash Emulator M8051 Application Note

1. Write Operation of Flash Emulator

The flash memory is typically organized into Pages, which are written and erased on a per-Page basis.
Figure 1 shows flash memory structure of AO6G14x as an example.

Assuming that a Flash Page (64 bytes) is not used evenly and the 16 bytes data is written/erased at
the same address repeatedly, the remaining areas (48 bytes) cannot be used for normal write
operations if the number of endurance is over 30,000 times.

On the other hand, assuming that the 16 bytes data is written four times across the Flash Page (64
bytes) and the full Page is erased at a time, the number of Endurance increases by four times.

Figure 1. Flash Emulator Memory Structure

0x103F 0x103F
16 bytes
0x1030
Remaining 16 bytes
aea—» 1 Page (64 bytes) 0x1020 Erase
48 bytes
16 bytes
0x1010 |::> 0x1010
0x100F
Write 16 bytes
Use 16 bytes
for Write / Erase —*0x1000 0x1000
1 Write /1 Erase in 1 Page 4 Writes / 1 Erase in 1 Page
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1.1 Operations of Flash Emulator Buffer

The buffer size can be set to 2 bytes, 4 bytes, 8 bytes, or 16 bytes long. If the buffer size is set to 16
bytes, each buffer consists of 1 byte of Info Data and 15 bytes of User Data for the Flash Write:

* Info Data (1 byte): It indicates data validity that is based on the current state of User Data.

e User Data (15 bytes): It is data that the user writes.

Figure 2. Flash Emulator Buffer Structure

Info Data (1 byte) User Data (15 bytes)

A
Y

Buffer Size-Info Data

Y

A

Buffer Size (16 bytes)

ABOV’s flash emulator supports four levels of data validity as listed in Table 2.

Table 2. Four Levels of Data Validity and Info Data Values

Data Validity Info Data Value Description
Null EE_INFO_NULL 0x00 Flash Write is available.
Processing EE_INFO_PROCESSING 0x42 Flash Write is processing.
Valid EE_INFO_VALID Ox7E Data written now is valid.
Invalid EE_INFO_INVALID OxFF Data written previously is invalid.

Since the flash memory is set to 0x00 by default, the User Data can be written into the flash if the Info
Datais EE_INFO_NULL (0x00). If the Info Data is not EE_INFO_NULL (0x00), next Info Data is checked.

While the data “Info Data + User Data” is written into the Flash Page, the Info Data is changed to
EE_INFO_PROCESSING (0x42) that means the Write Process is in progress.

When the data verification is completed, the Info Data is changed to EE_INFO_VALID (0Ox7E). The data
“Info Data + User Data” written now is considered as a valid data, and the address and the User Data

of it can be read by using EE_Read function.

Since the data written previously becomes not valid any longer, its Info Data is changed to
EE_INFO_INVALID (OxFF).
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1.2  Flash Write Operation

Figure 3 shows the Flash Write operations in the flash emulator memory. As shown in the figure, data
is written to the address from EE_Min_Addr to EE_End_Addr sequentially. The starting address
EE_Min_Addr and the buffer size are set before starting the Flash Write.

When the data writing reaches the address EE_End_Addr, the EE_Erase function erases the assigned
Pages to repeat the Flash Write starting from the address EE_Min_Addr.

The Info Data is in the header file, and for more information, see to 2.1 Emulator Function.

Figure 3. Flash Emulator Memory Allocation

EE_End_Addr NULL NULL EE_End_Addr
NULL NULL
NULL Valid Data
Write use data
NULL [ e > Invalid Data
NULL Invalid Data
EE_Min_Addr Valid Data Invalid Data EE_Min_Addr

Start Emulator .

Use Pagé'ts-Eull Erase

a7
wpee EE_End_Addr Valid Data
Invalid Data
Invalid Data
USE iPAGE Invalid Data
i
Invalid Data
- EE_Min_Addr Invalid Data } Buffer Size (Info data + User data)
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2. Software Description

The project must contain Emulator.c and Emulator.h files.

2.1 Emulator Functions

The Emulator.c file includes functions listed below:

uint8_t EE_Init (uint8_t buffer_size)

e The buffer_size determines the number of unit bytes for the Flash Write.

The Flash Init and EE_Min_Addr, Split, and buffer size are set.

The EE_Min_Addr is obtained by subtracting the assigned USE_PAGE size from the flash size.

*  The buffer size is summed value of Info Data (1byte) and User Data Buffer Size (buffer_size —
Info Data).

e Return value is the User Data Buffer Size.

uint8_t EE_Write_Page (unsigned char *write_buf, uint32_t *currentAddress)

*  You can write as much data as the User Data Buffer Size (buffer_size — Info Data) set by users.
When Info Data changes to EE_INFO_VALID, the current address where the data is written is
stored in the currentAddress.

¢ Return value is classified as SUCCESS and ERROR.

uint32_t EE_Read (uint32_t *currentAddress, uint8_t *read_buf)

* It executes the EE_Index_Checking for the Info Data and then reads as much data as the
buffer_size at the address of EE_INFO_VALID. Then it updates the current Address. If the
EE_INFO_VALID is not present, it returns ERROR.

e Return value is classified as the Info Data at the address where Data is read, and ERROR.

uint8_t EE_Erase (void)

*  When the function EE_Write_Page () is called, if data cannot be written in the Page where the
user assigned, this function erases the assigned Page.

e Return value is classified as SUCCESS and ERROR.
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2. Software Description M8051 Application Note

uint32_t EE_Index_Check (uint8_t check)

e IfUser Datais EE_INFO_NULL by the length of “Info Data and buffer_size” during Flash Write,
it returns Index values. If there is no EE_INFO_NULL area, it returns E. WRITE_ERROR.

e During Flash Read, if Info Data is EE_INFO_VALID, it returns the corresponding address. If
there is no EE_INFO_VALID area, it returns ERROR.

\BO\
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2.2 Emulator Header File

The Emulator.h file defines four states and some declarations:

#define USE_PAGE 4 /* The number of Pages in flash memory to be used as emulators. */

e The starting address of the emulator is calculated by subtracting the assigned USE_PAGE
size from the last address of flash size.

e The FLASH_SIZE is in flash.h of the corresponding device.

«  Ex) FLASH_SIZE = OxFFFF, PAGE_BUFFER_SIZE = 0x40,
(FLASH_SIZE+1) - (PAGE_BUFFER_SIZE*USE_PAGE) = EE_Min_Addr = OxFF00

#define EE_INFO_NULL  ©x00
e The initial value is 0x00.

¢ When performing the EE_Index_Checking, the user can write “Info Data + User Data” as much
as buffer_size at the corresponding address if the Info Data is EE_INFO_NULL.

#tdefine EE_INFO_PROCESSING ox42

e |tis set when writing User Data.

#tdefine EE_INFO_VALID OX7E

*  After writing User Data, it is set when data validity is confirmed.

#define EE_INFO_INVALID  OxFF

* It sets previous data as INVALID after confirming that current data is valid.
#define BUFFER_16BYTE 16
#define BUFFER_8BYTE

8
#tdefine BUFFER_4BYTE 4
#tdefine BUFFER_2BYTE 2

* Buffer size is set to 2-byte, 4-byte, 8-byte, or 16-byte.

e User Data size is defined as the remaining area by subtracting Info Data size (one byte) from
the buffer size.

\BO\ 11

SEMICONDUCTOR



3. Emulator Process

3. Emulator Process

3.1 EE Write to Page

M8051 Application Note

Figure 4. Flash Emulator Write Flows

EE_Write_Page

Param
1. Write_data : User Data
2. &CurrentAddress : Current address is saved in function
3. Return value : SUCCESS/ERROR
* User data is the size excluding info data (1 byte)
from the set buffer size
* Must do EE Init first.

A

EE_Index_Check()

Current Data Info :

EE_INFO_NULL Success

Witie_Flash()
* Write user data prepared

Success

inadvance

Current Data Info :

EE_INFO_PROCESSING Success

Witie_Flash()

*Update INFO in curentdata

Current Data Info :

EE_INFO_VALID Success

Update currentAddress

Witie_Flash()

*Update INFO in previous data

Before Data Info :

EE_INFO_INVALID Success

SUCCESS

Fail
Fail
Fail
Fail
Y
ERROR
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M8051 Application Note 3. Emulator Process

3.2 Emulator Read

Figure 5. Flash Emulator Read Flows

Param
1. &CurrentAddress : Current address is saved in function
2. read_data : Read VALID data in INFO area
3. Return value : Info data of CurrentAddress
* User data is the size excluding info data (1 byte)
from the set buffer size
* Must do EE Init first.

EE_Read()

EE_Index_Check()
Fail

Success

Read VALID Data

A\
SUCCESS ERROR
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4. Emulator Settings

This chapter describes the precautions to be set before using an emulator. The examples in this chapter

assume that you are using A96G14x.

1. Include the flash function of each device to the project before using emulator functions.

Figure 6. Adding Flash Function Files to the Project

Project 2 B
= “I Project: A96G14x_Flash
=) % Target 1

-} & Source Group 1
STARTUP.AS1
Main.c
flash_enter.a51 |
a%96g14x_clock.c

+

+

a96g14x_gpio.c
delay.c

296G 14x_flash.c
Emulator.c

+

EEPEEBEEE

|

2. Change the file name of “flash.h” in the “Emulator.c” in consideration of the device that you are
using.

A. Ex)#include “A96G14x_flash.h”

Figure 7. File Name Change in Emulator.c
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M8051 Application Note 4. Emulator Settings

3. Change the min and max values of FLASH_ADDR_MIN/MAX in flash.h.

A. FLASH_ADDR_MIN: Flash first address / FLASH_ADDR_MAX: Flash end address.

Figure 8. Settings of FLASH_ADDR_MIN/MAX Value in flash.h

_] a9%g14x_flash.h

47 | // Flash 64 Khyte (FFFFh)
48 | // PageBuf: 64 byte (40K)

9 | //=========zc====z=czz=szsszsoszszzszzossssszzszzzszzszzaess)f/f

"”‘IDE\”CB DEandEnt:::::::::::::::::::::::::::::::::::::::
#define FLASH_SIZE (0xD0FFFF)
#define PAGE_BUFFER_SIZE (0x40)

){fMDdiE'y' 0 S|e==========z=s=SS=sSsossSSSsoSoSsSSoISSSSSsSDsDSSDS==s
//Flash &ddress for used
#define FLASH_ADDR_USER 0= 001000

/{Flash address Min/Max value for permitted area
#define FLASH_ADDR_MIN 0x000000
#define FLASH_ADDR_MAX Ox00FFFF

I2BEBIRALRLDE

4. Determine the number of Pages that you want to use (USE_PAGE) in Emulator.h.

A. EE_Min_Addr is determined according to the USE_PAGE value.

Figure 9. Number of Pages (USE_PAGE) Settings

] Emulatorh
31 L

32 /* Define to prevent recursive inclusion --—-—

33 E #1fn EMULATOR_H_
34 | #d =

EMULATOR_H

= EE_INFC NULL 0x00

46 = EE_INFO_PROCESSING ox42
a7 - EE_INFO_VALID 0X7TE
ag ine EE INFO INVALID OXFF
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4. Emulator Settings

4.1 Emulator Examples

M8051 Application Note

If the buffer size is set to 16 bytes, 15 bytes are assigned for User Data, and 1 byte is assigned for Info

Data.

In Figure 10, the descriptions in red boxes are the settings and commands used in emulator examples.

 EE_Init (BUFFER_16BYTE):

— Flash Write in 16 bytes unit: User Data (15 bytes) and Info Data (1 byte)

* #define USE_PAGE 4

— Four pages are used. In each Page, 16 bytes data (Info Data + User Data) is written to
the address from EE_Min_Addr to EE_End_Addr sequentially.

Figure 10. Flash Emulator Example Code
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M8051 Application Note 4. Emulator Settings

Figure 11 shows how the 16 bytes data is written to fill four pages. In the figure, numbers in an upper
red box are Info Data. currentAddress in the lower red box is a global variable that executes the
EE_Read function to read the address of the data of which Info Data is valid.

Figure 11. Flash Emulator Write Example

USE_PAGE

Figure 12 shows Flash Write operation that writes data to the address starting from EE_Min_Addr after
erasing 4 pages. Flash Erase function erases the 4 pages when all 4 pages were used for the writing
operations. New 16 bytes data is written to EE_Min_Addr.

Figure 12. Flash Emulator Write Example After Erasing Four Pages

e te | Code | VLR
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Revision History

Revision History

M8051 Application Note

Revision Date Notes
1.00 Jan. 12,2023 Initial release
1.01 Dec. 2, 2024 Updated the disclaimer.
1.02 May 26, 2025 Added A96T430.
1.03 Nov. 28, 2025 Added A96T448.
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ABOV Disclaimer
IMPORTANT NOTICE — PLEASE READ CAREFULLY

ABOV Semiconductor (“ABOV”) reserves the right to make changes, corrections, enhancements, modifications, and
improvements to ABOV products and/or to this document at any time without notice. ABOV DOES NOT GIVE WARRANTIES
AS TO THE ACCURACY OR COMPLETENESS OF THE INFORMATION INCLUDED HEREIN. Purchasers should obtain the
latest relevant information on ABOV products before placing orders. Purchasers are entirely responsible for the choice, selection,
and use of ABOV products and ABOV assumes no liability for application assistance or the design of purchasers’ products. NO
LICENSE, EXPRESS OR IMPLIED, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY ABOV HEREIN. ABOV
DISCLAIMS ALL EXPRESS AND IMPLIED WARRANTIES AND SHALL NOT BE RESPONSIBLE OR LIABLE FOR ANY
INJURIES OR DAMAGES RELATED TO USE OF ABOV PRODUCTS IN SUCH UNAUTHORIZED APPLICATIONS. ABOV
and the ABOV logo are trademarks of ABOV. For additional information about ABOV trademarks, please refer to
https://www.abov.co.kr/en/about/corporate identity.php. All other products or service names are the property of their respective owners.
Information in this document supersedes and replaces the information previously supplied in any former versions of this document.

© 2023 - 2025 ABOV Semiconductor — All rights reserved
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