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1.

Introduction

As a kind of non-volatile memory, flash plays an indispensable role in the microcontro
ller system, and its performance will affect the operating efficiency of the entire syste
m. lts performance is mainly reflected in the flash operating time, including mass eras
ing time, page erasing time, and word programming time.

This application note provides two methods for measuring flash operating time.
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2.

2.1.

2.2.

Flash operation time measurement method

Timer counting method

Timer counting method use the MCU internal timer to count and use the count value to
calculate the operating time of the flash. This method clears the timer count value and starts
counting before the flash operation is performed, and reads the counter value and turns off
the count after the flash operation is completed. In order to improve the measurement
accuracy, we run the system at the highest frequency of 64MHz, and divide the timer clock
into 8MHz, that is, the timer count cycle is 0.125us. Since the L23x timer is a 16-bit timer, a
single timer can only measure up to 65536*0.125us = 8.192ms. In order to increase the
measurement time range, the timer cascade method can be used. By using one of the timer
update event pulses as the clock source of the other timer, the measurement time can be
expanded to 65536%8.192ms=536.870912s. This can ensure maximum accuracy. As shown
in Figure 2-1. The method of timer to measure flash operation time, flash operation
time tr.

tf = t2-t1 = (CNT1 + (CAR1 * CNT2)) * 0.125us (2-1)

Figure 2-1. The method of timer to measure flash operation time
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1/0 level flip method

I/O level flip method use MCU external pins to output high and low levels, and use an
oscilloscope / logic analyzer to measure the pulse time.

This method is to set the general 10 port to high level before the flash operation, and set the
general 10 port to low level after the flash operation is completed. Finally, using an
oscilloscope / logic analyzer to measure the positive pulse time. As shown in Figure 2-2.
Method of IO port to measure flash operation time, the flash operation time is tf=t2-t1.

Figure 2-2. Method of 10 port to measure flash operation time
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3.

3.1.

Implementation of flash operation time measurement

Startup configuration in SRAM

In order to measure flash characteristics, the measurement program needs to be run in sram.

The steps to start debugging configuration in sram are as follows:

1. According to the actual sram space, configure the scatter-loading area

LA Options for Target 'GD32123x"

GigaDevice GD32L233RC

Device Target IDutput ] Listing] User ] C/AC++ (ACE) ] hsm

Stal (MHz):

] Linker ] Debug ] Utilities]

Code Generation
ARM Compiler:

‘Use default compiler version 6 j

Operating system: | Mone
System Viewer File:

GD32L 23 svd

I™ Use Custom File
Read/Only Memory Areas

=
H

Read/Write Memary Areas

Iv Use MicroLIB I=

default  off-chip Start Size Startup default off-chip Start Size Nalnit
r ROM1: C r RAM1: r
r ROM2: - r RAM2: r
r ROM3: - r RAM3: r
on-chip onchip
[w  pomy (0= |B<4000 | 0+ | ¥ IRam1 [0x20004000  [(x4000 |
[~ IROMZ: C ™ IRAMZ: r
| 0K | [ cemcer || pefades |

2. Add the initialization file to start from SRAM

kA Options for Target 'GD32L23x' X
Device ] Target] Output ] Listing] User ] C/C++ (ACE) ] hsm ] Linker Debug ]Utilitiesl
" Use Smulator ~ with restrictions Settings + Use: |J-LINK,-'J-TRACE Cortex j Settings
™ Limit Speed to Real-Time
I¥ Load Application at Startup ¥ Runto mainf) | I¥ Load Application at Startup | ™ Runto main{)
Inttialization File: Initialization File:
ntislization Tie
| = || [sramini | ||
Restore Debug Session Settings Restore Debug Session Settings
[v Breakpoints ¥ Toolbox [ Breakpoints ¥ Toolbox
¥ Watch Windows & Performance Analyzer [ Watch Windows
¥ Memory Display [v System Viewer [v Memoary Display [v System Viewer
CPUDLL: Parameter: Driver DLL: Parameter:
| | |SARMVEM.DLL |-MPU
Dialog DLL: Parameter: Dialog DLL: Parameter:
| | |TCM.DLL [pCM23
[~ Wam if outdated Executable is loaded [~ Wam if outdated Executable is loaded
Manage Component Viewer Description Files ... |
0K | Cancel Defaults | Help

3. Configure Utilities options
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3.2.

kA Options for Target 'GD32L23x' *
Tevice ] Target ] Output ] Listing] Uszer ] C/AC++ (ACE) ] h=m ] Linker ] Debug Utilities

Configure Flash Menu Command

{+ |Use Target Driver for Flash Programming Iv¥ Use Debug Driver

- Use Debug Driver — Settings | | ™ Update Target before Debugging |

I Fie: J Edt..

" Use Extemal Tool for Flash Programming

Command: | J

Arguments: |
-

Configure Image File Processing (FCARM):

Qutput File: Add Output File to Group:
|Application j
Image Files Root Folder: | I” Generate Listing
| 0K | | Cancel | | Defaults Help

4. SRAM.ini initialization file

FUNC void Setup (void) {

[* Setup Stack Pointer */

SP = _RDWORD(0x20000000);

[* Setup Program Counter */

PC = _RDWORD(0x20000004);

/* Setup Vector Table Offset Register */
_WDWORD(0XEOO00EDO08, 0x20000000);
}

/* Download, Project.axf, the same with your project name */
LOAD Project.axf INCREMENTAL

[* Setup for Running */

Software implementation

The timer method and the 1/O level flip method can be used to measure the flash erasing,
page erasing, and word programming time respectively by the conditional macro. The specific
code implementation is as follows:

1. TIMER configuration
void timer_config(void)

{

timer_parameter_struct timer_initpara;

rcu_periph_clock_enable(RCU_TIMER);
rcu_periph_clock_enable(RCU_TIMER?2);

timer_deinit(TIMER_USE);
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/* TIMERL1 configuration */

timer_initpara.prescaler = TIMER_PRESCALER;
timer_initpara.alignedmode = TIMER_COUNTER_EDGE;
timer_initpara.counterdirection = TIMER_COUNTER_UP;
timer_initpara.period =65535;
timer_initpara.clockdivision = TIMER_CKDIV_DIV1;

timer_init(TIMER_USE, &timer_initpara);

/* auto-reload preload enable */

timer_auto_reload_shadow_enable(TIMER_USE);

/* configure TIMER1 master slave mode */

timer_master_slave_mode_config(TIMER_USE, TIMER_MASTER_SLAVE_MODE_ENABLE);
timer_master_output_trigger_source_select(TIMER_USE, TIMER_TRI_OUT_SRC_UPDATE);

timer_deinit(TIMER2);
/* TIMERZ2 configuration */

timer_initpara.prescaler =0;
timer_initpara.alignedmode = TIMER_COUNTER_EDGE;
timer_initpara.counterdirection = TIMER_COUNTER_UP;
timer_initpara.period = 65535;
timer_initpara.clockdivision = TIMER_CKDIV_DIV1;

timer_init(TIMER2, &timer_initpara);

timer_auto_reload_shadow_enable(TIMER2);

/* slave mode selection: TIMER2 */

timer_slave_mode_select(TIMER2, TIMER_SLAVE_MODE_EXTERNALO);
timer_input_trigger_source_select(TIMER2, TIMER_SMCFG_TRGSEL_ITI0);

2. Main program code

/* macro definition */
#define GD32L233RC

#define TEST_MASS_ERASE 1
#define TESE_PAGE_ERASE 1
#define TEST_WORD_PROGRAMME 1

#define TIMER_CNT_MESURE_METHOD 1

#define TIMER_PRESCALER (8-1)

#define TIMER_USE TIMER1
#define RCU_TIMER RCU_TIMER1
#define PROGRAMME_DATA Oxaa55aabb
#define ADDRESS_TO_PROGRAMME 0x08000000
#define PAGE_TO_ERASE1 0x08000000

10
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#define MEASURE_NUMS 1
#define AVERAGE_VALUE_POSITION (MEASURE_NUMS)

#if defined(GD32L233RC)

#define PAGE_SIZE1_WORD ((4*1024)/4)
#define FLASH_SIZE_ WORD ((256*1024) /4)
#endif

#define USART_COM USART1

/* flash operation time struct definition */

typedef struct {
uint32_t word_programme[MEASURE_NUMS+1];
uint32_t page_erase[MEASURE_NUMS+1];
uint32_t mass_erase[MEASURE_NUMS+1];

}lash_operation_time_struct;

flash_operation_time_struct flash_operation_time;

int main(void)
{
uintl6_t measure_counts = 0;
/* gpio, timer, usart configuration */
rcu_periph_clock_enable(RCU_GPIOC);
gpio_mode_set(GPIOC, GPIO_MODE_OUTPUT, GPIO_PUPD_NONE,GPIO_PIN_0);
gpio_output_options_set(GPIOC, GPIO_OTYPE_PP, GPIO_OSPEED_50MHZ, GPIO_PIN_0);
gpio_bit_reset(GPIOC, GPIO_PIN_0);
gd_eval_com_init(USART_COM);

timer_config();

fmc_unlock();
/* mass erase measure */
#if TEST_MASS_ERASE

do{

{
uint32_ti =0;
/* mass erase, then programme full flash with PROGRAMME_DATA */
fmc_mass_erase();
for(i = 0; i < FLASH_SIZE_WORD; i++){

fmc_word_program((ADDRESS_TO_PROGRAME + (i * 4)),
PROGRAME_DATA);
}
}

#if TIMER_CNT_MESURE_METHOD

11
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[* clear timer count and enable timer */
timer_disable(TIMER_USE);
timer_disable(TIMER2);
TIMER_CNT(TIMER_USE) = 0;
TIMER_CNT(TIMER2) = 0;
timer_enable(TIMER_USE);
timer_enable(TIMER2);
telse
/* set gpio pin to high level */
gpio_bit_set(GPIOC, GPIO_PIN_0);
#endif
[* start mass erase */
fmc_mass_erase();
#if TIMER_CNT_MESURE_METHOD
/* get the mass erase time */
flash_operation_time.mass_erase[measure_counts] = TIMER_CNT(TIMER_USE) +
65536*TIMER_CNT(TIMER?2);
#else
/* set gpio pin to low level */
gpio_bit_reset(GPIOC, GPIO_PIN_0);
#endif
}while(++measure_counts < MEASURE_NUMS);
#if TIMER_CNT_MESURE_METHOD

/* get the average mass erase time */

{
uint32_t temp =0;
for(measure_counts =0; measure_counts < MEASURE_NUMS; measure_counts++)
{
temp += flash_operation_time.mass_erase[measure_counts];
}
flash_operation_time.mass_erase[AVERAGE_VALUE_POSITION] = temp /
MEASURE_NUMS;
}
#endif
#endif

/* page erase measure */
#if TESE_PAGE_ERASE
measure_counts = 0;
do{

uint32_ti =0;
[* page erase, then programme this page with PROGRAMME_DATA */
fmc_page_erase(PAGE_TO_ERASEL1);
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for(i=0; i< 512; i++){
fmc_word_program((ADDRESS_TO_PROGRAME + (i * 4)),
PROGRAME_DATA);
}

}
#if TIMER_CNT_MESURE_METHOD

[* clear timer count and enable timer */
timer_disable(TIMER_USE);
timer_disable(TIMER2);
TIMER_CNT(TIMER_USE) = 0;
TIMER_CNT(TIMER2) = 0;
timer_enable(TIMER_USE);
timer_enable(TIMER2);
#else
/* set gpio pin to high level */
gpio_bit_set(GPIOC, GPIO_PIN_0);
#endif
[* start page erase */
fmc_page_erase(PAGE_TO_ERASEL1);
#if TIMER_CNT_MESURE_METHOD
/* get the page erase time */
flash_operation_time.page_erase[measure_counts] = TIMER_CNT(TIMER_USE) +
65536*TIMER_CNT(TIMER?2);
#else
/* set gpio pin to low level */
gpio_bit_reset(GPIOC, GPIO_PIN_0);
#endif
}while(++measure_counts < MEASURE_NUMS);
#if TIMER_CNT_MESURE_METHOD

/* get the average page erase time */

{
uint32_t temp =0;
for(measure_counts =0; measure_counts < MEASURE_NUMS; measure_counts++)
{
temp += flash_operation_time.page_erase[measure_counts];
}
flash_operation_time.page_erase[AVERAGE_VALUE_POSITION] = temp /
MEASURE_NUMS;
}
#endif
#endif

/* word programme measure */
#if TEST_WORD_PROGRAMME

13
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measure_counts = 0;
do{
fmc_page_erase(PAGE_TO_ERASEL);
#if TIMER_CNT_MESURE_METHOD
[* clear timer count and enable timer */
timer_disable(TIMER_USE);
timer_disable(TIMER2);
TIMER_CNT(TIMER_USE) = 0;
TIMER_CNT(TIMER2) = 0;
timer_enable(TIMER_USE);
timer_enable(TIMER2);
#else
/* set gpio pin to high level */
gpio_bit_set(GPIOC, GPIO_PIN_0);
#endif
/* start word programme */
fmc_word_program(ADDRESS_TO_PROGRAMME +(4*measure_counts) ,
PROGRAMME_DATA);
#if TIMER_CNT_MESURE_METHOD
/* get the word programme time */
flash_operation_time.word_programme[measure_counts] = TIMER_CNT(TIMER_USE)+
65536*TIMER_CNT(TIMER?2);
#else
/* set gpio pin to low level */
gpio_bit_reset(GPIOC, GPIO_PIN_0);
#endif
}while(++measure_counts < MEASURE_NUMS);
#if TIMER_CNT_MESURE_METHOD
/* get the average word programme time */
{
uint32_t temp =0;
for(measure_counts =0; measure_counts < MEASURE_NUMS; measure_counts++)

{

temp += flash_operation_time.word_programme[measure_counts];
}
flash_operation_time.word_programme[AVERAGE_VALUE_POSITION] = temp /
MEASURE_NUMS;
}
#endif
#endif

#if TIMER_CNT_MESURE_METHOD

/* print flash operation time by usart */

14
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printf("word programme time:%.2f(us)\\npage erase time:%.2f (us)\nnmass erase time:%.2f
(us)\n\n",
flash_operation_time.word_programme[AVERAGE_VALUE_POSITION]*0.125, \
flash_operation_time.page_erase[AVERAGE_VALUE_POSITION]*0.125, \
flash_operation_time.mass_erase[AVERAGE_VALUE_POSITION]*0.125);
#endif
/* infinite loop */
while(1){

15



GigaDevice

ANO043
Flash operation time measurement of GD32L.23x

4.

Test results

Open the macros TEST_MASS_ERASE, TESE_PAGE_ERASE,
TEST_WORD_PROGRAMME and TIMER_CNT_MESURE_METHOD. Compile the project,
click the debug button, and click run at full speed. Figure 4-1. Serial output of flash
operation time result is as follows.

Figure 4-1. Serial output of flash operation time

word programe time:df. 00us)
page erase time: 11072, Gafus)
mass erase time:11176. T6(us)

Open the macro TEST_MASS_ ERASE, TESE_PAGE_ERASE,
TEST_WORD_PROGRAMME, and close the macro TIMER_CNT_MESURE_METHOD.
Compile the project, click the debug button, click run at full speed. Figure 4-2. Logic
analyzer output of flash operation time results as follows.

Figure 4-2. Logic analyzer output of flash operation time
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5. Revision history

Table 5-1. Revision history

Revision No. Description Date
1.0 Initial Release Nov.8,2021
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Important Notice

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This document, including any
product of the Company described in this document (the “Product”), is owned by the Company under the intellectual property laws and
treaties of the People’s Republic of China and other jurisdictions worldwide. The Company reserves all rights under such laws and
treaties and does not grant any license under its patents, copyrights, trademarks, or other intellectual property rights. The names and

brands of third party referred thereto (if any) are the property of their respective owner and referred to for identification purposes only.

The Company makes no warranty of any kind, express or implied, with regard to this document or any Product, including, but not
limited to, the implied warranties of merchantability and fitness for a particular purpose. The Company does not assume any liability
arising out of the application or use of any Product described in this document. Any information provided in this document is provided
only for reference purposes. It is the responsibility of the user of this document to properly design, program, and test the functionality
and safety of any application made of this information and any resulting product. Except for customized products which has been
expressly identified in the applicable agreement, the Products are designed, developed, and/or manufactured for ordinary business,
industrial, personal, and/or household applications only. The Products are not designed, intended, or authorized for use as components
in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, atomic energy control
instruments, combustion control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
life-support devices or systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution
control or hazardous substances management, or other uses where the failure of the device or Product could cause personal injury,
death, property or environmental damage ("Unintended Uses"). Customers shall take any and all actions to ensure using and selling
the Products in accordance with the applicable laws and regulations. The Company is not liable, in whole or in part, and customers
shall and hereby do release the Company as well as it's suppliers and/or distributors from any claim, damage, or other liability arising
from or related to all Unintended Uses of the Products. Customers shall indemnify and hold the Company as well as it's suppliers
and/or distributors 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 the Products.

Information in this document is provided solely in connection with the Products. The Company reserves the right to make changes,

corrections, modifications or improvements to this document and Products and services described herein at any time, without notice.

© 2021 GigaDevice — All rights reserved
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