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FM3 MB9A310K/110K Microcontroller with EEPROM Type A

This application note describes how to use FM3 MB9A310K/110K series MCU emulation EERPOM libraries.
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1 Introduction

1.1 Purpose
This application note describes how to use FM3 MB9A310K/110K series MCU emulation EERPOM libraries.

1.2 Definitions, Acronyms and Abbreviations
Type A: FM3 MB9A310K/110K series MCU

1.3 Document Overview
The rest of document is organized as the following:

Chapter 2 explains the system hardware environment.
Chapter 3 explains the develop environment.

Chapter 4 explains system functions.

Chapter 5 explains interrupt function.

Chapter 6 explains library outline

Chapter 7 explains usage sample

Chapter 8 explains usage notes.
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2 System Hardware Environment
Hardware Environment
®  CPU Chip: Cypress MB9A310K, MB9A110K series MCU;
m  CPU Frequency: 40MHz;
®  Minimum Instruction Time: 25ns;
®  Ram Space: 2.82KBytes;
m  Code Space: 6.612KBytes;

3 Development Environment

Development Environment

Table 1. MCU Development Environment

Name Description Part Number Manufacture Remark

embedded workbench
IAR Software Developing IDE for ARM,
version:6.21.1.2846

J-LINK Emulate tool SEGGER

4 System Functions

4.1 Macro Define

4.1.1 APIs Operation Result
These macros describe the APIs operation result.

Table 2. API Operation Status

Name Description Value
OK API operations normally 0
NG API operation error 1
BUSY A priority APl is operating 2
PARA_ERROR The input parameter is not a valid value 4
SYSTBUSY The API is consistent call that may influence back erase 5

Following items describes the countermeasure when APIs return these macros:

OK --- No need other operation
NG --- Call EEPROM_Check (), according check result call related API and Call API again.
BUSY --- Call API later
PARA_ERROR --- the input EEPORM address or size is wrong
SYSTBUSY --- the back erase is operating, delay 10ms and then call API
Note: Only write and read API can return SYSTBUSY.

4.1.2 EEPROM Check Result
Check API will check the EEPROM status and return the status that EEPROM need to do

WWW.Cypress.com Document No. 002-05292 Rev. *C 2
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Table 3. Result of Check API

Name Description Value
CONSISTENT EEPROM is ready 0
DEFINE EEPROM need to be defined 1
REDEFINE EEPROM need to be define again 2
RESTORE EEPROM status need to be restore 3

Following items describe operations relevant to different result:

CONSISTENT --- EEPROM is OK, do that you want

DEFINE --- Call EEPROM_Define (), EEPROM need be defined

REDEFINE --- Call EEPROM_Define (), EEPROM need be redefined

RESTORE --- Call EEPROM_Restore (), EEPROM status need be restore
For detailed use, please refer to Figure 9.

4.1.3 EEPROM Size
Table 4. EEPROM Size

Name Description Value
E2P_128B EEPROM size is 128 bytes 0x08
E2P_256B EEPROM size is 256 bytes 0x10
E2P_512B EEPROM size is 512 bytes 0x20
E2P_1024B EEPROM size is 1024 bytes 0x40
E2P_2048B EEPROM size is 2048 bytes 0x80

When size is different, the address rang that can be used is different, following items shows the range:
128B ---- 0 ~ 127
256B ---- 0 ~ 255
512B ---- 0 ~ 511
1024B ---- 0 ~ 1023
2048B ---- 0 ~ 2047

Note: When EEPROM size is defined, user can used size is decide. So please do not use value that beyond the define
value, or else the API will return PARA_ERROR.
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4.2

4.3.1

Function List

EEPROM_B_Read(uint16_t
RAddr, uint8_t *ucData)

Prototype Description Remark
uint8_t EEPROM_Define(uint8_t | Initializes the emulated EEPROM in one of predefined sizes N/A
ucSize)
uint8_t Write one byte to emulated EEPROM, when sector is full it will N/A
EEPROM_B_Write(uint16_t copy old data to new sector and erasing old sector
WtAdrr, uint8_t WDat)
uint8_t Read one byte from emulated EEPROM N/A

uint8_t EEPROM_Check(uint8_t

Check consistency of the data stored in the emulated EEPROM

Before use libraries call

is intended to solve data inconsistency that is caused by
incomplete execution of the API software

ucSize, uint8_t *ucData) and the information* stored in RAM. this API First
It informs whether it is blank, consistent, broken but it can be
restored or broken and it cannot be restored.
This function is intended to be performed every time after power
on. Therefore, it reconstructs the EEMS stored in RAM that is
volatile by its nature.
uint8_t EEPROM_Restore (void) | Restore the EEPROM including the EEMS in RAM. This function N/A

*to emulate EEPROM using flash memory, some information need to be defined in RAM area, it is called EEMS
(Emulated EEPROM Management Structure) hereafter.

Function Prototype
EEPROM_Define ()

Prototype uint8_t EEPROM_Define(uint8_t ucSize)
Parameter: ucSize: defined EEPROM size, refer Table 4
Return Return API operation status, refer Table 2
Description Define a emulate EEPROM and relate size.
Remark This API decide EEPROM size

This API defines EEPROM size and status. The return value of this API is listed as following:

Table 5. Return Status of Define

Return Status Operation Method
OK Define operation successfully N/A
NG flash operqtion timeout in or preceding API lead flash Call again later
operation time out
BUSY Other APl is doing Call API later
PARA_ERROR The input EEPROM size is not in define list Use EEPROM size in list, refer Table 4

For detailed usage for this API, please refer Figure 9.

Www.Cypress.com
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4.3.2 EEPROM_B_Write ()

Prototype uint8_t EEPROM_B_Write(uint16_t WtAdrr, uint8_t WDat)

Parameter: WtAdrr: wrote EEPROM address (smaller or equal to defined size)
WhDat: wrote data

Return Return API operation status, refer Table 2
Description Write one byte data to EEPROM.
Remark N/A

This API writes one byte data to EEPROM. The return value of this APl is listed as following:
Table 6. Return Status of Write

Return Status Operation Method
OK Write operation successfully N/A
NG Read error or flash operation timeout in preceding API Check again
BUSY The check, define or restore APl is doing Call API later
PARA_ERROR The input EEPROM address is beyond EEPROM size Modify EEPROM address in range
SYSTBUSY The sector erase is doing and the continue write times is Delay 10ms and then write
too many that may influence the erase

Following pictures are sample for write API:

Figure 1. Continuous Write Sample

for (j=0;j=<486: 3+ FAd86 i 4 sample, any value that in rdnge is ok
{
i = EEFROM B Write(3,3):
if{i == SYSTEUSY)
{
Delay(z00] : A4 Oms
i = EEPROM E_Write(3,i):
!

Figure 2. Single Write Sample

i = EEFPROM E Write(OxZl, 0x55); Swite Q85 to gddress (xZ1

w

Note: Return value “i” indicates the API operation status. For detailed, please refer Table 2.
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4.3.3 EEPROM_B_Read ()

Prototype uint8_t EEPROM_B_Read(uint32_t RAddr,unsigned char *ucData)

Parameter: RAddr: EEPROM address that user want to read(smaller or equal to defined size)
*ucData: save the read data

Return Return API operation status, refer Table 2
Description Red one byte data from EEPROM
Remark N/A

This API read data from EEPROM. The return value of this API is listed as following:
Table 7. Return Status of Read

Return Status Operation Method
OK Read operation successfully N/A
NG Read error or flash operation timeout in preceding API Check again
BUSY The check, define or restore APl is doing Call API later
PARA_ERROR The input EEPROM address is beyond EEPROM size Modify EEPROM address in range
SYSTBUSY The sector erase is doing and the continue read times is Delay 10ms and then read
too many that may influence the erase

Following picture is a sample for call read API:

Figure 3. Read Sample

unsigned char ReadDat: Sleare read data

i = EEFROM_E_Read (250, sReadDat) ; FAEED s mample value

Note: The read address must in the range of EEPROM size that defined by API uint8_t EEPROM_Define (uint8_t

ucSize).
4.3.4 EEPROM_Check ()
Prototype uint8_t EEPROM_Check(uint8_t ucSize, uint8_t *ucData)
Parameter: ucSize: defined EEPROM size, refer Table 4
*ucData: checked EEPROM status, refer Table 3
Return Return API operation status, refer Table 2
Description Check EEPROM status that EEPROM need redefine or restore and so on
Remark N/A
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This API checks EEPROM status, whether the EEPROM is read or broken. The return value of this API is listed as
following:

Table 8. Return Status of Check

Return Status Operation Method
OK Check operation successfully N/A
NG Flash operation timeout. Check later
BUSY System is doing other API Check later
PARA_ERROR !Ppgjlt IiEPROM size(ucSize) is not the defined value, refer Modify input size, refer Table 4
able

Note: User need according check result to call relevant API. For detailed usage for this API, please refer Figure 9.

4.3.5 EEPROM_Restore ()

Prototype uint8_t EEPROM_Restore (void)
Parameter: void

Return Return API operation status, refer Table 2
Description Restore EEPROM status

Remark Just EEPROM EEMS be Restored,

This API restores EEPROM status in abnormal power off and other abnormity. The return value of this API is listed as
following:

Table 9. Return Status of Restore

Return Status Operation Method
OK Restore successfully N/A
NG Data cannot be restored, sector erase timeout or preceding API Check again

flash timeout.

BUSY System is doing other API Call API later

For detailed usage for this API, please refer Figure 9.

5 Interrupt Function

51 Function List

Prototype Description Remark

void BTO_67_IRQHandler(void) EEPROM timer interrupt function N/A

5.2 Function Prototype
5.2.1 BTO0_67_IRQHandler ()

WWW.Cypress.com Document No. 002-05292 Rev. *C 7
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Prototype void BTO_67_IRQHandler(void)

Parameter: void

Return void

Description Timer interrupt that user need to add it to timer interrupt function
Remark Please do not disable Base Timer interrupt

Note: This APl is just called in BTO_7_IRQHandler () will be OK. For detailed usage, please refer Figure 8.

(o)}

Library Outline

6.1 MCU Application
The library can be used in FM3 two independent on-chip flashes MCU that has following features:

Work flash has sector (range is 0x200c4000~0x200c5fff)
Work flash has sector (range is 0x200c6000~0x200cTfff), refer Figure 4

Base timer channel6 and channel7 (registers refer Figure 5)

Work flash arithmetic is same as Figure 6

Following pictures show the detailed features for sector, timer registers and flash arithmetic:

Figure 4. EEPROM Used Sectors

0x200C_8000

SA3(8KB)
0x200C_6000
SA2(8KB)
0x200C 4000
WWW.Cypress.com Document No. 002-05292 Rev. *C 8
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Figure 5. Base Timer Channel 6&7 Registers

m Timer Control Register (High-order bytes of TMCR)

bit 15 14 13 12 11 10 9 g
Field [ res | cKs2 | CKS1 | CKS0 | res | EGS1 | EGSO |
Attribute RW R'W R'W R'W R'W R'W RW
Initial value 0 0 0 0 0b0o0 0 0

m Timer Control Register 2 (Low-order bytes of TMCR)

bit 7 6 5 4 3 2 1 0
Field [ 13 [ FMD2 | FMD1 | FMDO | OSEL | MDSE | CTEN | STRG |
Attribute RW RW R'W RW RW R'W R'W R'W

Initial value 4] 4] 0 0 0 0 0 0

m Status Control Register (STC)

bit 7 6 5 4 3 2 1 0
Field [ res | TGIE | res | UDIE | res | TGIR | res | UDIR |
Attribute W W RW RW RW RW RW RW
Initial value 0 4] 4] 0 0 0 0 0
bit 15 0
Field [ PCSR [15:0] |
Attribute RW
Initial value [1)3,6:0:6.4

m Register configuration

bit 15 14 13 12 11 10 9 8

Field [ SEL67 3 [ SEL67 2 | SEL67_1 | SEL67 0 | SEL45 3 | SEL45 2 [ SEL45 1 [ SEL45 0 |
Attribute RW W RW RW RW RW RW RW
Initial value 0 0 0 0 0 0 0 0

Figure 6. Work Flash Arithmetic

Command MNumber 1st write 2nd write 3rd write Ath write Sth write Sth write
of writes|Address| Data |Address| Data |Address| Data [Address| Data |Address| Data | Address| Data

Read/ 1 0xIO0K | OxFO — - - - - - - - - _

Reset

Write 4 OMAAR [OxAA| OxS554 | Ox35 | OeAAS | OxAQ PA PD - — — —

Flash erase s} OxAAR [OxAA | Ox554 | Ox35 | OxAAS | OxBO | OxAAS (OxAA )] Ox554 | Ox55 | OxAAS | Ox10

Sector . == o= ==

ermse s} OxAAR [OxAA | Ox554 | Ox35 | OxAAS | OxBO | OxAAS (OxAA | Ox554 | Ox55 SA Ox30

Sector

erase 1 O3 | OxBO - - — — - - - - — —

suspended

Sector

erase 1 O3 | O30 - - — — - - - - — —

restarting

- Any value

PA: Write address

SA: Sector address (Specify any address within the address range of the sector to erase)
PD: Write data

MB9A310K/110K series FM3 MCU (Type 5) is the typical MCU that suit these features. For detailed information please
refer to flash programming manual and peripheral manual for MBO9A310K.

Note: The libraries used work flash sector address from 0x200c4000 ~ 0x200c7fff (SA2 and SA3), so user can not use
this address, if user used these libraries.

WWW.Cypress.com Document No. 002-05292 Rev. *C 9
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6.2 ROM Usage
The ROM usage describes the library used flash area:

0x200c600  SA3 (8K)

Work b oo
flash | 0x200c400  OA2

EEPROM space (16K)

ILibrary space
0x00000000

Main flash «.;

(64 or 128K) i
i

.
|
i

~

Note: The library code occupy 6.612K and the occupy space is arranged by user project.

WWW.Cypress.com Document No. 002-05292 Rev. *C
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6.3 EEPROM Performance Comparison
Below table shows the performance comparison between traditional 12C EEPROM and emulation EEPROM.

Table 10. FM3 MB9A310K/110K EEPROM Performance

EEPROM Performance Comparison

Type 12C Emulate EEPROM V1.0.0

Max transport speed 100KHz MCU @40MHz

Size - 2048B 1024B 512B 256B 128B
Single byte Normal 100us 76us 76us 76us 76us 76us
wite Max - 10ms 5.5ms 2.6ms Ims ims
Continue write | Normal 13ms 23.8ms 23.8ms 16.9ms 15.5ms 15.1ms
1898 Max - 33.3ms 28.1ms 20.1ms 19.1ms 19ms
Continue write | Normal 21ms 47.1 ms 41.9ms 33.1ms 31.7ms 31.4ms
3778 Max - 451ms 258ms 36ms 32.7ms 32.4ms
Single byte Normal 200us 8.2us 8.2us 8.2us 8.2us 8.2us
read Max - - i - - i

6.4 Explanation of Emulated EEPROM Performance

This performance is measured and calculated in the normal condition. And it may be longer or shorter depend on
environment (voltage, temperature ...).

Normal case means write data in the average distribute of EEPROM address.
Max case means continually write EEPROM any times which causes block move and erase operation trigger.
Conclusion is that the emulated EEPROM is shorter than 12C EEPROM.

Www.Cypress.com
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Usage Sample

7.1 Recommend initialize procedure
Each time after power on or reset, user need to call check API, this is the only way to start accessing the emulated

EEPROM by software.

Depend on the result of check API, if the check result is not the “consistent”, user need to call “define” or “restore” API.

Following figure roughly describes the initialize procedure flow chart:

Figure 7. Initialization Flow Chart

Add BTO_67_IRQHandler () )
to BTO_7_IRQHandler () ower on or reset

According result

\ 4
EEPROM_Check ()

Consistent?

Yes

s < <

Yes Yes Ye

EEPROM_Define () EEPROM_Define () | EEPROM_Restore ()

A\ 4
Initialize finish

Following picture shows the stepl that add timer interrupt function.

Figure 8. Interrupt Calling Sample

woid ETO_7_IRQHandler (void)
{

if (hFM3_ET6_RT STC_TUDIR)
BTO_67_IRQHandler();

Www.Cypress.com
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Following picture shows the step2 that initialize EEPROM status (check API transfer):

7.2 Library Use Sample

Figure 9. Initialize Sample

i = EEPROM_Check (EZP_Z2043E, «RdDat) ;

if({ (RdADlat == DEFINE] || (Rdlat == REDEFINE] )
i = EEPROM Define (EZP_Z048E) ;

else if (RdDat == RESTORE)
i = EEPROM_ERestore(]:

There are one .afile and one .h file opened to user. When user wants to use the EEPROM library, please refer following

steps:

®  Add “FM3_EEPROM-TYPE_A.a” and “FM3_EEPROM-TYPE_A.h" to user’s project file.

Figure 10. Add File Sample

;# main. o :_?-m meun. b
[‘EJ oot [‘:—-—:J H I
= T KB = 4 KB

m  Add “FM3_EEPROM-TYPE_A.a” to project.
Figure 11. Add Lib Sample

= I mb9afilxk_template - MBIAF31 .

—= [ common
system_mb9afilxc
=1 (1 source_files

main.c

fsh startup_mb9af3lxs
— B Readme txt
3 Output

e YFt13_EEFROM-TYPE_Aa

®m  Add interrupt function to project base timer function. Please refer “Figure 8”

m  |nitialize EEPROM, please refer “Figure 7”
®  Add “#include FM3_EEPROM-TYPE_A.h” in main.c
m  Call API that user need

WWW.Cypress.com Document No. 002-05292 Rev. *C
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8 Usage Notes

®  When user want to use these libraries, please initialize first
®  When define APl is called, do not call Check API immediately.

m  |f the FM3 MCU has the same sectors in work flash and the timer is same with MB9A310K, the LIB can be used
to the MCU too. Refer chapter 6.1

m  Base timer ch6 and ch7 are used for EEPROM, so user can not use these timers and can not disable the base
timer interrupt too.

m  The work flash sector2 and sector3 are used, so user can not use these two sectors. For detailed address refer
Figure 4

®  When user is using (except read) work flash other sectors, please do not use these libraries at the same time.

= Similarly when user is using libraries (except read), user can not write, erase and suspend work flash.

9 Additional Information

For more information on Cypress Semiconductor products, visit the following websites:
http://www.cypress.com/cypress-microcontrollers

http://www.cypress.com/cypress-mcu-product-softwareexamples
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component of a device or system whose failure to perform can be reasonably expected to cause the failure of the device or system, or to affect its safety
or effectiveness. Cypress is not liable, in whole or in part, and you shall and hereby do release Cypress from any claim, damage, or other liability arising
from or related to all Unintended Uses of Cypress products. You shall indemnify and hold Cypress harmless from and against all claims, costs, damages,
and other liabilities, including claims for personal injury or death, arising from or related to any Unintended Uses of Cypress products.

Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, WICED, PSoC, CapSense, EZ-USB, F-RAM, and Traveo are
trademarks or registered trademarks of Cypress in the United States and other countries. For a more complete list of Cypress trademarks, visit
cypress.com. Other names and brands may be claimed as property of their respective owners.
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