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1.2 HITER

REBBFIEIEZ BB EN Ul ETEIRERIEZEE 1-2) - B - B85t " Serial Port s &
PRIEFEIERERY COM IR 178 ; BARMINE - Ul TEREIR AT I #/~EH EADC £/ HRY
AVop BEREIFHERE - WK MHEREH JZQ*E‘E’J mEERITARE - &1E - EHECEBIME
"Log. EIERY Start %l - IBSABEKERC  BEERERENELER - BB HEEMRA
I PEH A oov B2 - LIFIREE FHHE’J%ETE/EJJE—E SR o

‘ A,pp Voltage ‘ ‘ Temp Value ‘ ‘ Save Data ‘ Data Log

A B ©
AU M2L31 Temp Sensor 1 Time MCUO1_AVDD MCUO1_Temp
nuvoTon 2| 6/102026 17:09 3312 25.79
3| 6/10/2026 17:09 3312 25.79
COM port s Pors | R
- T— Port: COM16 AVDD (mV] 33 12 ‘ 6 6/10/2026 17:09 3312 26.07
Connection ™ [ ) Excel (.csv) ¥ stant 7 | 6/10/202617:09 3312 26.07
Speed: 115200 Temp (°C) |26.07 8|  6/10/2026 17:09 3312 26.07
= 6/10/2026 17:09 3312 26.07
10| 61012026 17:09 3312 26.07
Close 11 6/10/2026 17:09 3312 26.07
12 6/10/2026 17:09 3312 26.07
13| 61012026 17:09 3312 26.07
Temp (°C) 14|  6/10/2026 17:09 3312 26.07
15|  6/10/202617:09 3312 26.07
264 16|  6/10/202617:09 3312 26.07
262 17| 6/10/2026 17:09 3312 26.07
2% 18|  6/10/2026 17:09 3312 26.07
K 58 19| 6/10/2026 17:09 3312 26.07
Real-Time 28 — wcuot 20| 6/10/202617:09 3312 26.07
> 21| 6/10/2026 17:09 3312 26.07
Data Cu rve 252_5; 22 6/10/2026 17:09 3312 26.07
248+ 23| 6/10/2026 17:09 3312 26.07
0 50 100 150 200 250 300 24 6/10/2026 17:09 3312 26.07
25 6/10/2026 17:09 3312 26.07
26| 6/10/2026 17:09 3312 26.07
27| 6/10/2026 17:09 3312 26.07
Status: Connected with COM16 28 6/10/2026 17:09 3312 26.07
——— 29| 6/10/2026 17:09 3312 26.07
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ERERERN (WE1-3- B 1-4-E1-5-B 16 B 1-7Fir ) - ERAEDRENEAR
ZHAEERTBENIMEHAZED - BEEROREREZEMINESIE +5°C NBEDUA - &
BB [ BEEMMARIEEERE AVoo BRMEER - 2R HAZKRERASRERINREEIRE
MERHSHNERZHEBENISEN -
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16x M2L31 Temperature Sensor Error (Board A)
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16x M2L31 Temperature Sensor Error (Baord C)
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16x M2L31 Temperature Sensor Error (Baord D)
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2. BB A

FRAELVRERALENLBARILEE - BERE 1 Hz B Timer0 ERHE ; ®EES - 818
AIE Timer_Flag BEMFER AVop BEEE HRE - Wi 16 UTERHRD ASEMITE - &8
ZHEEERMESHEAREZEZE PCUI -

/* ______________________________________________________________________________________ */
/* Main Function */
/* ______________________________________________________________________________________ */
int32_t main(void)

{

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

/* Init UARTO for printf */
UARTO_Init();

DEBUG_MSG("\n\n");

DEBUG_MSG(M4=== == === === m o s oo oo e e e +\n");
DEBUG_MSG("| Reads the M2L31's Internal Temperature Sensor |[\n");
B EB UGN Gl TS IS S S SIS TSI S S S S S S +\n");
DEBUG_MSG("\nSystem clock rate: %d Hz\n\n", SystemCoreClock);

/* Fetch factory calibration markers */
Read_Temp_Trim Data();

/* Set timer frequency to 1HZ */
TIMER_Open(TIMERO, TIMER_PERIODIC_MODE, 1);

/* Enable timer interrupt */
TIMER_EnableInt(TIMER®);
NVIC_EnableIRQ(TMRO_IRQn);

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

/* Main processing loop */
while (1)
{

if (Timer_Flag)

{
/* Read Bandgap Voltage */

Read_Bandgap_Voltage();

/* EADC function test */
Read_Temp_Sensor();

/* Split 16-bit parameters into 8-bit streaming buffers */
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u8 Data[@] = AVDD_Value >> 8;

u8 Data[1] = AVDD_Value;

u8 Data[2] = Temp_Int Value >> 8;
u8 Data[3] = Temp_Int_Value;

/* Ship frame to UI if debug printing is suppressed */
if (!DEBUG_MODE)

{
Output_UARTO_UI_Data(u8_Data);
}
/* Reset the Flag */
Timer_Flag =
}
}
}
IR EERREERREURMBASRER - #3518 EADC B8 28 EITEIRIREN

#® . WHA RMC ISP ?E%EEHQtHFTzH—;E’JmB"‘EEJ_/Q%’fEnEE FREULA AT 2 B RTAVEN A&
AVop ERFBHE - REBERERZAPERKEAESRIL B =15 &8 AVDD_Value -

/* Measure Band-gap voltage to reverse-calculate the actual AvVdd power rail */
void Read_Bandgap_Voltage(void)
{

int32_t i32ConversionData;

int32_t i32BuiltInData;

/* Enable internal voltage band-gap reference */
SYS_UnlockReg();

SYS->VREFCTL |= SYS_VREFCTL_VBGFEN_Msk;
SYS_LockReg();

/* Configure ADC settings for channel 28 */
EADC_Open(EADC, EADC_CTL_DIFFEN_SINGLE_END);
EADC_SetExtendSampleTime(EADC, BANDGAP_CH, EXTEND_TIME);
EADC_CLR_INT_FLAG(EADC, EADC_STATUS2_ADIF@ Msk);

/* Enable ADC channel 28 interrupts and NVIC */
EADC_ENABLE_INT(EADC, BITO);
EADC_ENABLE_SAMPLE_MODULE_INT(EADC, @, BIT28);
NVIC_EnableIRQ(EADCO_INT@_IRQn);

/* Trigger ADC conversion and poll for completion */
g u32AdcIntFlag =
EADC_START_CONV(EADC, BIT28);

while (g_u32AdcIntFlag == 0);

/* Disable ADC interrupt and read conversion result */
EADC_DISABLE_INT(EADC, BITO);

i32ConversionData = EADC_GET_CONV_DATA(EADC, BANDGAP_CH);

/* Read factory calibrated band-gap value from FMC/RMC */
SYS_UnlockReg();
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RMC_Open();
i32BuiltInData = RMC_ReadBandGap();

/* Reverse-calculate AVDD (mV) and update the ring buffer */
AVDD_Data[AVDD_Count++] = 3072 * i32BuiltInData / i32ConversionData;

if (AVDD_Count >= MF_NUM)
AVDD_Count = 0O;

/* Apply Median Filter to determine stable AVDD value */
AVDD_Value = GetMedianNum((uint32_t *)AVDD_Data, MF_NUM);

DEBUG_MSG("Avdd = %d mv, ", AVDD Value);
}

bR =048 EADC 8% 29 MEVAEDR E ORI Z3R0R % ADC B - RHPERKIDBERERE -
i HEARNRA AVop ERGE S BB H BRI AIZREE V_Curr - lEERH ALRRAY 25°C #2 125°C
ERRUHBELAINMELHEERRARE  RERFIHBEARKL 100 BHERMEER - DUf#t

PC Ul & za R

/* Sample temperature sensor and process using two-point linear interpolation */
void Read_Temp_Sensor(void)

{

int32_t i32ConversionData;

/* Configure ADC hardware settings */

EADC_Open(EADC, EADC_CTL_DIFFEN_SINGLE_END);
EADC_SetExtendSampleTime(EADC, TEMP_CH, EXTEND_TIME);
EADC_CLR_INT_FLAG(EADC, EADC_STATUS2_ADIFO@ Msk);

/* Enable ADC interrupts and NVIC */
EADC_ENABLE_INT(EADC, BITO);
EADC_ENABLE_SAMPLE_MODULE_INT(EADC, @, BIT29);
NVIC_EnableIRQ(EADCO_INT@_IRQn);

/* Trigger ADC conversion and poll for completion */
g u32AdcIntFlag =

EADC_START_CONV(EADC, BIT29);

while (g_u32AdcIntFlag == 9);

/* Read conversion result */
i32ConversionData = EADC_GET_CONV_DATA(EADC, TEMP_CH);

/* Update ring buffer and apply Median Filter */
TEMP_Data[TEMP_Count++] = i32ConversionData;

if (TEMP_Count >= MF_NUM)
TEMP_Count = 0;

TEMP_Value = GetMedianNum((uint32_t *)TEMP_Data, MF_NUM);
DEBUG_MSG("Temp_ADC = %d,", TEMP_Value);

Jun. 11, 2026 Page 8 of 15

Rev 1.00




NUVOTON M2L31 Series

/* Calculate current voltage and interpolate temperature */
V_Curr = (float)TEMP_Value / 4095.0 * (AVDD Value / 1000.0);
Temp_Curr = (V_Curr - V_25dC) / (V_125dC - V_25dC) * (TEMP_HIGH - TEMP_LOW) + 25.0;

DEBUG_MSG(" Temp_Celsius = %3.2f\n", Temp_Curr);

/* Convert float to fixed-point integer (2 decimal places) for UI packing */
Temp_Int Value = (int32_t)(Temp_Curr * 100);

}

IERUFEANERE R ESBATHE - BREBHEEL 0x49 BiIREE - 0x19 BIREHERKRE
EEs 5 By 7 Uc/APESD - BEREREE N UARTO FELZE FIFO kR - EHERIEISEE
EAMAATIE [ - FFR S E AT R TX RIAE L -

/* A custom UART protocol frame and transmit */
void Output_UARTO UI Data(uint8_t *Data)

{
volatile uint8_t i;
volatile uint8 t Out_Str[TX_LENGTH];
/* Format 7-byte protocol packet */
Out_Str[@] = TX_HEADER; // Header
Out_Str[1] = TX_LENGTH - 2; // Length
Out_Str[2] = Data[@]; // AVDD High-Byte
Out_Str[3] = Data[1]; // AVDD Low-Byte
Out_Str[4] = Data[2]; // Temp High-Byte
Out_Str[5] = Data[3]; // Temp Low-Byte
Out_Str[6] = TX_END; // End
/* Transmit packet via UARTO */
for (i = ©; i < TX_LENGTH; i++)
{
while (UART_IS TX_FULL(UART®)); // Wait if TX FIFO is full
UART_WRITE(UARTO, Out_Str[i]); // Send byte
}
}
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3. ERASEARERSTE K

3.1 EESFE>

e BSP A
- M2L31_Series_ BSP_CMSIS V3.03.000
e IDE RS

- Keil uVision 5.43
- Visual Studio Code 1.125.1

32 WEmK

. BT
- NuMaker-M2L31SG_V1.1
o RIETAEE

- % NuMaker-M2L31SG_V1.1 By USB &% PC #J USB - DIER S AR AERIIT
AR - WE 3-1 F7K -

3-1 BB REE
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4. BixE:

BizE B NEF -

EC_M2L31_Internal_Temperature_Sensor_V1.00

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

r—~ SampleCode
I~ ExampleCode
1 Internal_Temperature_Sensor Source file of example code

= WindowsTool User Control GUI Tool

4-1 BEx&ERN
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5. EBIEAMIT
51 Keil MDK

1. % Windows EXMBE TR Keil EXERII - WHRT

Internal_Temperature_Sensor.uvprojx BEZ4g -
2. WITEE (Build) -
3. TMHEHER -
4. EARBER -
5. FARY Ul (M2L31_Temp_Sensor.exe ) °
o #3E COM Port -
o #4% Open -
o HE’R AVop BRAME - REEKREHAR -
5.2 VS Code
1. 7£ VS Code IDE F#£1Z File -
e 2HZ2 Open Folder °
o EEHZHIE NN VSCode B2 -
2. #E31E CMSIS -

o ZHZ2 Build solution & #F:2EHZE -

e 5% Load & Run application - R EREEERRILHIT -

e PHZ Load & Debug application - # AFRIEET -
3. EARENE -
4. BIRY Ul (M2L31_Temp_Sensor.exe ) ©

e #1E COM Port -

e FHZ Open °
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o /RN AVop BB E - REEKREMLR -
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6. 1Z&I4cix

Date Revision Description

2026.06.11 1.00 Algadstn -
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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.

Please note thal all data and specifications are subyect to change withoul notice
All the radamanks of products and companies mentioned in this datashes! belong (o their respactive owners
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