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[Version]

Nu_LinkVersion=V1.00

[M031]
ProgramAlgorithm=FlashAlgorithm_MO031_SPl.a
ProgramOffset=0x0

ProgramFile=C:\Program Files (x86)\Nuvoton Tools\ICPTool\SP|_Flash.bin
OutputFile=C:\Program Files (x86)\Nuvoton Tools\ICPTool\SP|_Flash_output.bin
[M3331]

ProgramAlgorithm=FlashAlgorithm_M3331_SPl.a

ProgramOffset=0x0

ProgramFile=C:\Program Files (x86)\Nuvoton Tools\ICPTool\SP|_Flash.bin
OutputFile=C:\Program Files (x86)\Nuvoton Tools\ICPTool\SPI_Flash_output.bin
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2. KB A

DTN BRSBTS - BIERBHE - FBRBIMT main.c SHD -
MTFRBEXT I RAICFRERNEEE -

#define PDMA_FOR_LCD CHO  ©

#define PDMA_FOR_FLASH CH1 1

#define STRING_WIDTH (5*%8) /* String width */

#define STRING HEIGHT 46  /* String height */

#define LCD_WIDTH 320

#define LCD_HEIGHT 240

#define PIC_WIDTH 320 /* Picture width */

#define PIC_HEIGHT 240 /* Picture height */

#define LV_HOR_RES_MAX 320

#define LV_VER_RES_MAX 240

#tdefine FLASH_QSPI_CLK_FREQ 60000000 /* QSPI clock speed */
#tdefine LCD_SPI_CLK_FREQ 60000000 /* SPI clock speed */

#define COLOR_WHITE OXFFFF
#define COLOR_BLACK 0x0000
#define COLOR_BLUE Ox001F
#define COLOR_BLUE2 Ox051F
#define COLOR_RED OxF800
#define COLOR_MAGENTA OxF81F
#define COLOR_GREEN OXO7E0Q
#define COLOR_CYAN OX7FFF
#tdefine COLOR_YELLOW OXFFE@Q
#tdefine LCD_RST PD14

#tdefine LCD_DC PH10

#tdefine LCD_EN PH11

#define LCD_DC_CLR() PH10
#define LCD_DC_SET() PH10
#define QSPI_FLASH_PORT QSPI®
#define SPI_LCD PORT  SPI1

[}
R o

25 9%R1EE 1% UART - Timer0 - QSPI ~ SPI #1 LCD W& - EHRETRD - RIRFNS

GFREWBE - ZNEA /0 2WEE - LCD 2UMIZEE BT - Timer0 FHECERTNZ
mD%mﬁﬁo&EHMA$%%%ﬁ%%%'ﬁﬁ@ﬁ%ﬂ%ﬁ°
uint8 t i;

uint32_t Flash_Addr;
uintl6_t Rate = 0;

/* Unlock protected registers */
SYS_UnlockReg();

/* Init System, IP clock and multi-function I/O0. */
SYS Init();

/* Configure PD14[LCD_RST] PH1@[LCD_DC] PH11[LCD_EN] as push-pull output */
GPIO_SetMode(PD, BIT14, GPIO_MODE_OUTPUT);
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GPIO_SetMode(PH, BIT10 | BIT11, GPIO_MODE_OUTPUT);

/* Configure UARTO: 115200, 8-bit word, no parity bit, 1 stop bit. */
UART_Open(UARTO, 115200);

/* Timer® initialization. The main purpose is to measure the LCD refresh rate. */
Timer@_Init();

/* QSPIO@ initialization, used for driving the Flash */
QSPI_FLASH Init();

/* SPI1 initialization, used for driving the LCD */
SPI_LCD_Init();

/* LCD initialization */
LCD_Init();

/* Set full-screen display with green color. */
LCD_Color_Set(®, ©, (LCD_WIDTH - 1), (LCD_HEIGHT - 1), COLOR_GREEN);

/* Set interrupt priority */
NVIC_SetPriority(PDMA@_IRQn, ©);
NVIC SetPriority(TMRO_IRQn, 1);

/* Delay 200ms */
CLK SysTickLongDelay(200000) ;

FRAARERNEFEBNFFEE -

X FE—m

EERIFIT AT 2RI EER

MM FLASH I ENEIBHIE - FRESFHEIESH
1T SPI 455 PDMA N EHEMEIEAEZE LCD -

SRR - 78T UART BIEER -

/* Set the starting address of Flash */
Flash_Addr = ©;

for (i = 0; i < 27; i++)

{
/* Reset the time counter */
u8TimerCnt = 0;

/* Display the image and superimpose the characters */
Flash_Addr = LCD_Display Picture_And_String(Flash_Addr,
0, o,
PIC WIDTH, PIC_HEIGHT,
COLOR_BLACK, Rate,
40, 0,
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STRING_WIDTH, STRING_HEIGHT,
COLOR_RED);

/* Calculate the refresh rate */
Rate = (uintl6_t)(10000.0/(u8TimerCnt*1));

/* Print the refresh rate */
printf("FPS = %d.\n", Rate);
}

~
7/

K%¥Z LCD_Display_Picture_And_String() M9M3B FLASH trieE i StENE & #iE - HHE?
FEFENXH LCD XA - FEMMENMERE Z LN KZF -

/* Read the image data from a specific address in the flash memory and display it in a
specific area of the image, while also overlaying numbers on the image. */

uint32_t LCD Display Picture_And_String(uint32_t Addr, /* Flash address */
uintl6_t Pic_x, uintlé_t Pic_y, /* picture display coordinates */
uintl6_t Pic_Width, uintl6_t Pic_Height, /* picture size */

uintl6_t String_Backcolor, uintl6_t Rate, /* string background color, display numerical */
uintl6_t String x, uintl6_t String y, /* string display coordinates */
uintl6_t String Width, uintl6_t String Height, /* string size */
uintlé_t String Color) /* string color */

uint32_t i;
/* Initialize the pointer */
uintl6_t *Display_ Buffer = LCD_Display Buffero;
uint8_t Y_Number = 0;
if (Addr == 0)
{
QSPI_Close(QSPIQ);

while ((QSPI@->STATUS & QSPI_STATUS_SPIENSTS Msk) != @)
{}

/* Disable MCU quad I/O mode. */
QSPI_DISABLE_QUAD_MODE(QSPIQ);

/* Set the QSPI data length to 8 */
QSPI_SET_DATA_WIDTH(QSPIO, 8);

QSPI@->CTL |= (QSPI_CTL_SPIEN Msk);

/* Enable Flash quad mode */
SpiFlash _Enable QSPI Quad();

/* Set the starting address for Flash reading */
SpiFlash_SetReadAddress(Addr);

QSPI_Close(QSPIQ);

while ((QSPI@->STATUS & QSPI_STATUS_SPIENSTS Msk) != @)
{}
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/* Set the QSPI data length to 32 */
QSPI_SET_DATA_WIDTH(QSPIO, 32);

QSPIB->CTL |= (QSPI_CTL_SPIEN_Msk);
}

SPI_Close(SPI_LCD_PORT);

while ((SPI_LCD_PORT->STATUS & SPI_STATUS_SPIENSTS Msk) != @)
{}

/* Set the SPI data width to 8 */
SPI_SET_DATA WIDTH(SPI_LCD_PORT, 8);

SPI_LCD_PORT->CTL |= (SPI_CTL_SPIEN_Msk);

/* Set the display area of the LCD */

LCD_Display_Zone_Set(Pic_x, Pic_y, (Pic_x + Pic_Width - 1), (Pic_y + Pic_Height - 1));

SPI_Close(SPI_LCD_PORT);

while ((SPI_LCD_PORT->STATUS & SPI_STATUS_ SPIENSTS Msk) != )
{}

/* Set the SPI data width to 16 */
SPI_SET DATA WIDTH(SPI_LCD PORT, 16);

SPI_LCD_PORT->CTL |= (SPI_CTL_SPIEN_Msk);

/* Initialization flag */
PDMA_For_LCD_Send_End_Flag = 1;

for (i = @; i < Pic_Height; i++)
{
/* QSPI master PDMA RX Initialization */
PDMA For_ FLASH Trigger((uint8 t *)Display Buffer, LCD_WIDTH / 2);

/* Clear RX Buffer */
QSPI _ClearRxFIFO(QSPI_FLASH PORT);

/* Enable RX PDMA transfer */
QSPI_TRIGGER_RX PDMA(QSPI®);

/* Initialization flag */
PDMA_For_Flash_Read_End_Flag = 0;

/* Waiting for the reading to be completed */
while (PDMA For Flash Read End Flag == 0);

/* Finished reading */
PDMA_For_Flash_Read_End_Flag = 0;

/* Merge the image data with the character data */
if ((Y_Number >= String_ y) & (Y_Number < (String_y + String Height)))

{
/* Merge "FPS:" character data with the image data. */

Sep.20, 2026 Page 9 of 18

Rev 1.02




NUVOTON M3331 Series

String Line_Fill(Display Buffer, (uint8_t *)(&XL_Word[10]),
String_x, String_Width, (Y_Number - String_y),

String Color, String Backcolor, 0);
String_Line_Fill(Display_Buffer, (uint8_t *)(&XL_Word[11]),
String_x + String Width * 1, String Width, (Y_Number - String_y),
String Color, String Backcolor, 0);
String_Line_Fill(Display_Buffer, (uint8_t *)(&XL_Word[12]),
String_x + String Width * 2, String Width, (Y_Number - String_y),
String Color, String Backcolor, 0);
String_Line_Fill(Display_Buffer, (uint8_t *)(&XL_Word[13]),
String_x + String Width * 3, String Width, (Y_Number - String_y),
String Color, String Backcolor, 0);

/* Merge "Rate" value character data with the image data. */
String Line_ Fill(Display Buffer, (uint8 t *)(&XL_Word[Rate / 10]),
String_x + String Width * 4, String Width, (Y_Number - String y),
String Color, String Backcolor, 0);

String Line_Fill(Display_Buffer, (uint8_t *)(&XL_Word[Rate % 10]),
String_x + String Width * 5, String Width, (Y_Number - String y),
String Color, String Backcolor, 0);

}

Y_Number++;

/* Send the merged data */
Display Buffer = PDMA For LCD Data_Send(Display Buffer, Pic_Width);
}

/* Waiting for the sending to be completed */
PDMA For LCD Wait_ Send End();

/* Return the address of the next image data in Flash */
return (Addr + Pic_Width * Pic_Height * 2);
}

(RE String_Line_Fill() B K= UEHESEEHESHNLAEMEREIX - BRER
RIEF AN EE XSS EHTERR -

/* Update the character data to the buffer. */

void String Line Fill(uintlé_t *Buff, uint8 t *String, uint8 t x, uintlé t String Width,
uint8 t Line_Num, uintl6_t String_ Color, uintl6_t Back_Color,
uint8 t Backcolor Enable)

uintle_t i = 0;

uint8 t Bit_Number = 0;

uintlé_t Pixel Cnt = ©;

uintl6_t Width = (String Width / 8);

for (i = @0; i < Width; i++)

{
for (Bit_Number = ©; Bit Number < 8; Bit Number++)

{
if ((String[Line_Num * Width + i] >> (7 - Bit_Number)) & 0x01)

Buff[x+Pixel Cnt] = String Color;
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}
else
{
if (Backcolor_Enable == 1)
{
Buff[x+Pixel_Cnt] = Back_Color;
}
}

Pixel Cnt++;

}

X% PDMA_For_LCD_Data_Send() 1 PDMA_For LCD _Trigger() 323l 7 {&FH PDMA #1THY
WEg Il SPI #UiEEH - IARARERENEFEZESNEN -

/* Use PDMA to send data of a specific length from the cache. */
uintl6_t *PDMA_For_ LCD_Data_Send(uintl6_t *buffer, uintl6_t count)

{
while (1)
{
/* Wait for the data transmission to be completed. */
if (PDMA For LCD Send End Flag == 1)
{
PDMA_For_LCD_Send_End_Flag = 0;
/* Trigger data transmission */
PDMA For LCD_Trigger(buffer, count);
/* Switch the sending buffer */
if (buffer == LCD Display_ Buffere)
{
buffer = LCD_Display Bufferil;
}
else
{
buffer = LCD_Display Buffero;
}
break;
}
}
return buffer;
}
void PDMA_For_LCD Trigger(uintl6_t *buffer, uintl6_t count)
{

PDMA_Open(PDMA®, (1<<PDMA_FOR_LCD_CH®));

Word length = 16 bits
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Transfer Count = count
Source = buffer

Source Address = Increasing
Destination = SPI1->TX
Destination Address = Fixed
Burst Type = Single Transfer

PDMA_SetTransferCnt(PDMA@G, PDMA_FOR_LCD_CH@, PDMA_WIDTH_16, count);

PDMA_SetTransferAddr(PDMA@, PDMA FOR_LCD CHO, (uint32_t)(buffer), PDMA_SAR_INC,
(uint32_t)&SPI1->TX, PDMA_DAR_FIX);

PDMA_SetTransferMode(PDMA@, PDMA_FOR_LCD_CHO, PDMA_SPI1_TX, FALSE, 0);
PDMA_SetBurstType(PDMA®, PDMA_FOR_LCD_CH@, PDMA_REQ SINGLE, PDMA BURST 4);

/* Enable PDMA channel @ interrupt */
PDMA_EnableInt(PDMA@, PDMA FOR_LCD_CHe, PDMA_INT_TRANS_DONE);

NVIC_EnableIRQ(PDMA@_IRQn);

SPI_TRIGGER TX_PDMA(SPI1);
)3

Timer0 LIEHMERETNHTEE - BABIENTFEER - PERISEFZEBE - MITHEERE - %
HHRATHEERRFHE -

void Timer@_Init(void)

{
/* Open Timer@ in periodic mode, enable interrupt
and 1 interrupt tick per 100 microsecond */
TIMER_Open(TIMER®, TIMER_PERIODIC_MODE, 10000);
TIMER_EnableInt(TIMER®);

/* Start Timer@ counting */
TIMER_Start(TIMER®);

/* Clear timer counter */
u8TimerCnt = 0;

/* Enable Timer® NVIC */
NVIC EnableIRQ(TMR@_IRQn);

}

void TMRO_IRQHandler(void)
{
if (TIMER_GetIntFlag(TIMER®) == 1)
{
/* Clear Timer® time-out interrupt flag */
TIMER_ClearIntFlag(TIMER®);

/* Timer counter plus one */
u8TimerCnt++;
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4. HEER
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7 EC_M3331_Displaying_Animations_and_Overlaid_Characters_V1.00

r—~ Library Sample code header and source files
r— CMSIS Cortex® Microcontroller Software Interface Standard
(CMSIS) by Arm® Corp.
= Device CMSIS compliant device header file
= StdDriver All peripheral driver header and source files

I~ SampleCode
I~ ExampleCode
1 Project Source file of example code

1 Tool ICP & ImagesToBin_Uncompress
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Date Revision Description
2026.03.31 1.00 IR -
2026.08.13 1.01 {ECZLCD_RST%HE X KAl Tool R -
1.7 {82 SPIx_CTL » SPIx_CLKDIV
SPIx_SSCTL - SPIx_FIFOCTLZ 728857 - /£
FASPI - B4 5cfE - B{ERESPI -
2026.09.20 1.02
2.#{82QSPIx_CTL * QSPIx_CLKDIV -
QSPIx_SSCTL * QSPIx_FIFOCTLZ 7Z&3A1 -
FTEHQSPI - Bi5efm - BIEREQSPI -
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any malfunction
or failure of which may cause loss of human life, bodily injury or severe property damage. Such
applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic energy
control instruments, airplane or spaceship instruments, the control or operation of dynamic, brake or
safety systems designed for vehicular use, traffic signal instruments, all types of safety devices, and other
applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims to
Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the damages and liabilities
thus incurred by Nuvoton.

Flease note thal al data and specificati
All the rademarks of progucts an
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