NUvVOoOTOoON MO31 Series

| ADc =EmEEEZS

NuMicro® 3201 &35 28su BB N A

XHER
e~ AepBER ADC #E PDMA S —XEa A% ADC &8 -
N FH gt 9 .
HESNMNBEECU#HZ R A/D it -
BSP R MO031_Series BSP_CMSIS V3.05.000
HFR¥a NuMaker-M032KI V1.0

The information described in this document is the exclusive intellectual property of
Nuvoton Technology Corporation and shall not be reproduced without permission from Nuvoton.

Nuvoton is providing this document only for reference purposes of NuMicro microcontroller and microprocessor based
system design. Nuvoton assumes no responsibility for errors or omissions.

All data and specifications are subject to change without notice.

For additional information or questions, please contact: Nuvoton Technology Corporation.

www.nuvoton.com

Feb. 16, 2024 Page 1 of 16 Rev 1.00


http://www.nuvoton.com/

NUvVOoOTOoON MO31 Series

1. Bk

AR REEA M031 %318 ADC #Ec PDMA sSEIl—RfRAZ ™ ADC BE - FEHEB MEE
ol LUfiZR A/D ¥#EVINEE - A/D BREHFIBERGEEREZFHESTEXNEED - Z—1
ADC ¥#5epifa - BFRJUNBEFNEREEEMSE I - AN EFSESS -

MO031 %5189 ADC AEmZ 2 TIFET - Hd - Continuous Scan mode TJ—RAdA
Z ADC #iE - BEMEEREE A/D Bi—R - MENNFENEENREZE A/D BIRZR -
ZEIEG - MRE—REAKR 123 =N ADC #E - S @EMHMAR A/D i . NI
Continuous Scan mode ReEffiZfkFiEiEE 12312 3 XMENFBZ20% KN
F1-1-2-2-3-3AKF-

A3eBIEFI A ADC Continuous Scan mode & PDMA B EMehiiE - itEWMoh w1 % -
MPUTTHEE - REIM—REAZ > ADC @& - FEE M BEOLUNZ R A/D BIIEK -

IE5h - AT REEANBONAEE - RERORHRTLERNEE ADC B RERIFRF
& ADC EETAREMERIY - EETNUAREN ADC #HNSH - BHLEFRETD
st -

1.1 [A3E

S —XRMAZD ADC BE - AFEE MBEEJLUNZR A/D BREIIEE - JUSZEE 1-1
RREEE - FREDRBYIDMZNIMES - WA ¢

Feb. 16, 2024 Page 2 of 16 Rev 1.00



NUvVOoOTOoON MO31 Series

6. Read data when all ADC channels done SRAM

r3. Interrupt when PDMA done—‘

=
5
PDMA Interrupt 4.1. Set -
cpPu Handler PDMA Ak |
for next ©
©
5. Done channel * 3
2.1. Trigger
All ADC for each | &
channels N conversion| &
done ? |
4.§bget ADC
—» (Continuous
for next
Scan mode)
channel
——1. Trigger the first ADC channel T

1-1 B RiEE
o —DMADCHEEOLA/D KRB R - FERIGEBIEFHEIRER SRAM HIE -

MREELSE® 1A 2 - I”FEF?M % Ntk ADC —% - ®JF ADC Continuous Scan
mode ZREME— ADC BE - 855 A/D E#H—RX PDMA mhiBiE#sE Rik3
SRAM -

o 1 A/D BIZFBIRERYINFIE - F A PDMA Pl -

MREELER 3 = PDMA M BIEZRIBE RN - S5 L iRicBIEHF A A
PDMA i -

o JHEIF—1 ADC BEFEM 0 A/D ¥t -

MRERS R 4 - PDMA ifAA B2 R o] Bk PDMA 1 ADC i8E - FHHRERT
— ADC 8% -

o =B ADCEEES A/D HiRSTAlly - (FLEEHR - Sl —TRE

WREEZERS M6 - BFEARERZIERR - CPU ollAM SRAM 2EL ADC #iRAJR
SRR SR -

Feb. 16, 2024 Page 3 of 16 Rev 1.00




NUvVOoOTOoON MO31 Series

1.2 W74
ASEHIRBHIRERGERSTNFBMT -
o ADC JBIE 2 ¥t 6 R - PB2 £ -
o ADCEE 1% 43R - PBl BIABLEL 1.82 i -
o ADC iBi& 3 % 8 % - PB3WIARERN Vdd - 41 3.08 (R -

PITERWME 1-2 FK -

Exit ADC example code

1-2 T4

Feb. 16, 2024 Page 4 of 16 Rev 1.00




NUvVOoOTOoON MO31 Series

2. K8\ A

REHANBEEFZRERZNTAN HIRC - FFE PDMA Z17H - ixE ADC BTN
HIRC/2 - 74 GPIO £t# PB1 ~ PB2 - PB3 RERL ADC BB 1 - @B 2 - B8 3 &1 - BE
GPIO £+# PB12 ~ PB13 79 UARTO Rx * UARTO Tx #£={ - #5117 ADC_FunctionTest() K%L
LM —RAAZ D ADC B8 - FEEMREBEJLUMHIZ R A/D BEHRAVINEE

int32_t main(void)

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

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

printf("System clock rate: %d Hz\n", SystemCoreClock);

/* ADC function test */
ADC_FunctionTest();

/* Disable ADC IP clock */
CLK_DisableModuleClock (ADC_MODULE);

/* Disable PDMA IP clock */
CLK_DisableModuleClock (PDMA_MODULE);

printf("Exit ADC example code\n\n");

while (1);
}
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#tdefine ADC_MAX_CH (3) /* The total number of channels to convert */
#tdefine ADC_MAX_CONV_NUM (8) /* The max number in ADC_CONF_T.number */

typedef struct

{
uint32_t channel; /* The specific ADC channel to convert */
uint32_t number; /* The number of A/D conversion for this channel */
uint32_t extend; /* The ADC extend sample time for this channel */

} ADC_CONF_T;

volatile ADC_CONF_T g ADC_Conf[ADC_MAX_CH] =

{
{2, 6, 10}, /* Convert channel 2 6 times with extend sample time 1@ ADC clocks */
{1, 4, 0}, /* Convert channel 1 4 times with extend sample time © ADC clock */
{3, 8, 20} /* Convert channel 3 8 times with extend sample time 20 ADC clocks */
}s

A7 ADC BFRIN/RBEIEEFMNE SRAM F1 - KEHAKBEEN S — I EB_HHAET
£ gu32_ADC_RawData[ADC_MAX_CH][ADC_MAX_CONV_NUM + 1] - Ef . & ¥
ADC_MAX CH M iZEX M BE®%RHIHN ADC BEMNRE  EXBHARNEFIRZE 3 - BH
ADC_MAX_CONV_NUM R iZEX I ARMRYEPHREAE - £ EHRNEFHRZ 8 -

RERAINRIBNE - BAX/NUIIZE ADC_MAX_CONV_NUM i1 1 - X2RAt)# ADC @iE
RERB =% E—% ADC BENERE - I PDMA ZEIME—1MRIGEHEZRE TI1HAY ADC
BiE - AoAERER - FILEMNZEX T —MIERGERX N EEE  ESE0THENE
BEEX M EREE -

FHRMTEEN—1TZE2BLTE gu32 ADCIndex = i g_ADC_Conf # H A
gu32_ADC_RawData #HAMRSIME - KNERERETERIER—MEE B M—MREGEIE -

/* The raw data of ADC conversion result */

] Because the first conversion result may be the remaining data from
the previous ADC channel, an extra location is declared to store it,
but it is not actually used. */

volatile uintl6_t gu32_ADC_RawData[ADC_MAX_CH][ADC_MAX_CONV_NUM + 1] = {0};

/* The index of g ADC_Conf[] and gu32_ADC_RawData[] */
volatile uint32 t gu32 ADC Index = 9;
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SRAM BT ENERRZATDISE FE -
gu32_ADC_Index channel number extend SRAM
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[X]00] | [x][1] | X021 | [X1[31 | X047 | [x305] | X061 | [x1[7]1 | [X][8]
—p»{ gu32_ADC_RawData [0][y] data | data | data | data | data | data
gu32_ADC_RawbData [1][y] data | data | data | data
gu32_ADC_RawData [2][y] data | data | data | data | data | data | data | data
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MINEHERAE  BEZ2RTEHNHRSIE gu32_ADC_Index A 0 - ik ADC 1 PDMA & #
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gu32_ADC_RawData HATEPEE ADC [RGHFEHITEFITE - METH—DRE - TE
H— MR ER 7 —X ADC Atk KE ADC_START_CONV() -
/* __________________________________________________________________ */
/* Main workflow for example code &/
/* __________________________________________________________________ */
void ADC_FunctionTest(void)
{
volatile uint32_t ADC_RawData_Sum[ADC_MAX_CH];
volatile uint32_t index, number;
/* Select the ADC configuration for the first element of g_ADC_Conf[] */
gu32_ADC_Index = O;
/* Init PDMA to move data from ADC to SRAM */
PDMA_Init();
/* Enable ADC converter */
ADC_POWER_ON(ADC) ;
/* Wait for ADC internal power ready */
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CLK_SysTickDelay(10000);

/* Set input mode as Single-end, and operation mode as Continuous Scan mode */
ADC_Open(ADC, ADC_ADCR_DIFFEN_SINGLE_END, ADC_ADCR_ADMD_CONTINUOUS, (uint32_t)NULL);

/* Select ADC input channel */
ADC_SET_INPUT_CHANNEL (ADC, BITO << g ADC_Conf[gu32_ADC_Index].channel);

/* Set extend sampling time */
ADC_SetExtendSampleTime(ADC, (uint32_t)NULL, g ADC_Conf[gu32_ADC_Index].extend);

/* ADC enable PDMA transfer */
ADC_ENABLE_PDMA(ADC) ;

gu32_PDMA_Status = PDMA_STATUS_IDLE_BUSY;

/* Start ADC conversion */
printf("Start ADC conversion ...\n");
ADC_START_CONV(ADC) ;

/* Wait for PDMA to complete its work */
/* gu32_PDMA Status will be set at PDMA_IRQHandler function */
while (gu32_PDMA_Status == PDMA_STATUS_ IDLE_BUSY);

/* Check transfer result */
if (gu32_PDMA_Status == PDMA_STATUS_DONE)

{
printf("PDMA trasnfer done !\n");
}
else if (gu32_PDMA_Status == PDMA_STATUS_ABORT)
{
printf("PDMA trasnfer abort !!\n");
}

/* Clear gu32_PDMA_Status software flag */
gu32_PDMA_Status = PDMA_STATUS_IDLE_BUSY;

/* Stop ADC conversion */
ADC_STOP_CONV (ADC);

/* Disable PDMA function of ADC */
ADC_DISABLE_PDMA(ADC);
NVIC_DisableIRQ(PDMA_IRQn);

/* Calculate average and print ADC result except first sampling data result that
belongs to previous channel */

for (index = @; index < ADC_MAX CH; index++)

{
printf("Conversion result of channel %d ...\n", g ADC_Conf[index].channel);
ADC_RawData_Sum[index] = ©;

for (number = 1; number < g ADC_Conf[index].number + 1; number++)

{
ADC_RawData_Sum[index] += gu32_ADC_RawData[index][number];

printf("\t#%d: \t\tex%e3X (%d)\n", number,
gu32_ADC_RawData[index][number], gu32_ADC_RawData[index][number]);
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}
printf("\tAverage: \t@x%03X (%d)\n\n",

ADC_RawData_Sum[index] / g_ADC_Conf[index].number,
ADC_RawData_Sum[index] / g_ADC_Conf[index].number);

}

PDMA M#ta1E=1REFE A PDMA 838 1 - FIEM ADC #2] gu32_ADC_RawData HHLTE -
MEIRIRE (g_ADC_Conf[gu32_ADC_Index].number + 1) - 701F ADC fit&x PDMA - HFE
PDMA $ifINgE - PDMA M RBETEZMN 1 EEMNAIEHEMW—&F @ BATHREBLE—D
ADC BERKREE -

/>I< __________________________________________________________________ */
/* Configure PDMA for parameters that must be reloaded every round */
/>I< __________________________________________________________________ */
void ReloadPDMA(void)

{

/* Set source address as ADC data register (no increment) and destination address as
gu32 ADC _RawData[] array (increment) */

PDMA_SetTransferAddr(PDMA, PDMA_CHANNEL, (uint32_t)&ADC->ADPDMA, PDMA_SAR_FIX,

(uint32_t)gu32_ADC_RawData[gu32_ADC_Index], PDMA_DAR_INC);

/* Transfer width is half word (16 bit) and transfer count is
g ADC_Conf[gu32_ADC_Index].number+l. */

/* One more conversion is because the first conversion result belongs to the previous
channel */

PDMA_SetTransferCnt(PDMA, PDMA_CHANNEL, PDMA_WIDTH_16,

g ADC_Conf[gu32_ADC_Index].number + 1);

/* Select PDMA request source as ADC RX */
PDMA_SetTransferMode(PDMA, PDMA_CHANNEL, PDMA_ADC_RX, FALSE, 0);

}
/* __________________________________________________________________ */
/* Configure PDMA peripheral mode from ADC to memory &/
/* __________________________________________________________________ */
void PDMA Init(void)
{
/* Open PDMA Channel based on PDMA_CHANNEL setting*/
PDMA_Open(PDMA, BIT@ << PDMA_CHANNEL);
/* Configure PDMA for parameters that must be reloaded every round */
ReloadPDMA();
/* Set PDMA as single request type for ADC */
PDMA_SetBurstType(PDMA, PDMA_CHANNEL, PDMA_REQ_SINGLE, 0);
/* Enable PDMA interrupt */
PDMA_EnableInt(PDMA, PDMA_CHANNEL, PDMA_INT_TRANS_DONE);
NVIC_EnableIRQ(PDMA_IRQn);
}
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/* __________________________________________________________________ */
/* PDMA interrupt handler to set ADC and PDMA for next round ¥/
/* __________________________________________________________________ */
void PDMA_IRQHandler(void)

{

uint32_t status;

status = PDMA_GET_INT_STATUS(PDMA);

if (status & PDMA_INTSTS_ABTIF_Msk) /* PDMA abort */
{
if (PDMA_GET_ABORT_STS(PDMA) & (PDMA_ABTSTS_ABTIF@ Msk << PDMA_CHANNEL))
{
gu32_PDMA_Status = PDMA_STATUS_ABORT;
}
PDMA_CLR_ABORT_FLAG(PDMA, (PDMA_ABTSTS_ABTIF@ Msk << PDMA_CHANNEL));
}
else if (status & PDMA_INTSTS_TDIF_Msk) /* PDMA done */
{
if (PDMA_GET_TD_STS(PDMA) & (PDMA_TDSTS_TDIF@ Msk << PDMA_CHANNEL))
{
if (gu32_ADC_Index == (ADC_MAX_CH - 1))
{
/* All ADC channels done. Stop PDMA and trigger PDMA interrupt. */
gu32_PDMA_Status = PDMA_STATUS_DONE;
}
else
{
ADC_STOP_CONV (ADC) ;
/* Next ADC channel */
gu32_ADC_Index++;
/* Select ADC input channel */
ADC_SET_INPUT_CHANNEL (ADC, BITO << g ADC_Conf[gu32_ADC_Index].channel);
/* Set extend sampling time */
ADC_SetExtendSampleTime(ADC, (uint32_t)NULL,
g_ADC_Conf[gu32_ADC_Index].extend);
/* Set PDMA for new ADC channel */
ReloadPDMA();
ADC_START_CONV (ADC) ;
}
}
PDMA_CLR_TD_FLAG(PDMA, (PDMA_TDSTS_TDIF@_Msk << PDMA_CHANNEL));
}
else
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printf("Error: Unknown PDMA interrupt !!\n");
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e BSP hR7:
- MO031_Series_ BSP_CMSIS_V3.05.000.

e IDE FRA:
- Keil uVision V4.74.

32 BHEK

o EBERAM:
- NuMaker-M032KI V1.0.
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4. BEER

I~ EC _MO031_ADC_ Flexible Channel Control V1.00

7 Library Sample code header and source files.
7 CMSIS Cortex® Microcontroller Software Interface
Standard (CMSIS) by Arm® Corp.
7 Device CMSIS compliant device header file.
I~ StdDriver }A_\III peripheral driver header and source
iles.

r— SampleCode
—~ ExampleCode

1 Project Source file of example code.

E4-1 BRER
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6. BITLF

Date Revision Description

2024.02.16 1.00 Yaxt -
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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 that all data and specifications are subject to change without notice.
All the trademanrks of products and companies mentioned in this datasheef belong to their respective owners.
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