NUvVOoOTOoON M480 Series

I M480 UART RX PDMA

Example Code Introduction for 32-bit NuMicro® Family

Information

Application This example pode is used for the M480 series microcontroller
(MCU) to receive UART data through PDMA.

BSP Version M480 BSP CMSIS V3.05.001

Hardware NuMaker-PFM-M487 Ver3.0

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
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1 Overview

This example code is used to configure UART and PDMA,

M480 Series

then transfer data from UART_RX

to RAM through PDMA, and also provide complete package flag. Through Scatter-Gather

operation mode, the example code will transfer data by looped around two descriptor tables

from UART RX to two different destination RAMs in sequence. Complete package flag is used

to indicate that the transmission is completed or timeout. This document introduces the example

code of UART_RX triggering PDMA configuration, PDMA Scatter-gather mode configuration,

descriptor tables configuration, complete package flag and so on.

1.1 Demo Result

If UART1 and debug UART are connected to PC when executing the program, one UART tool
can send data to M480 and the other UART tool can display data from M480 as shown below.

Uart Assistant

Data Receive |

Uart Assistant

Data Receive |

CPU @ 192000000Hz

Databits =] Databits Jlod
Stopbits e Stopbits. =)

| M480 PDMA UART1_EX to Memory Driver Sample Code (Scatter—gzather)

| The zample code will demo UART1 RX PIMA function.

|
| Deseription : |
|
| Please connect UART1_RX pin to FC by UART toel |

Please press any key to start test

Recv Options Recv Options
@ ASCII ¢ HEX + ASCl  HEX bedefzhi jklmnopar bodefzhi jklnnopqr bedefehi jklmnoparstu
I~ Log display mode [~ Log display mode i ij bedefehi jklnnop
e _P“'Y < - .Phy & ar bedefehi jklnnopar bedefghi jklanopar bedefghi jk
" Auto linefeed [~ Auto linefeed nnopar bodefehd 'h1 b odefehd 11 S
I~ Recvsave tofile... [~ Recv save to file... hi jklnnopgr bedefghi jklmnopqr bedefghi jklnnopqrstuvwryza
AutoSeroll Clear AutoSorol]l Clear bedefehi jklanopar bedefehi jk1 bedefzhi j stuy
yrabedefzhi jklmnopqr vrabedefghi jklmnopqr vzabedefghi jklmnopq
Send Options Send Options bodefghi jklmnopqr bodefeghi jklmnopqr bedefzhi k1
@ ASCI " HEX @ ASCI ¢ HEX mOopqr bedefzhi jklmnopqr bedefzhi jklmnopqr bedefz
hi jklmnopar stuwwxyzabedefehi jklmnopar s tuvwxyzabedefghi jklmnopar stuvwxyzab
I Use escape chars I Use escape chars cdsfehi jklnnopar bedefehi iklnnopar bedefzhi jklnnoparstuvw
[~ AT CMD auto CR+L [~ AT CMDauto CR+L | |xyzabedefzhi jklanopars turwxyzabedefzhi jklmnoparsturwxyzabedefehi jKlnnopar ¥
I~ Append checkcode [~ Append checkcode
DataSend | |1.DcD# 2.RXD@ 3.TXD® 4. DIR® 5.GHD# 6. § Clear £ Clear DataSend | |1.0CD® 2. RID® 2.TXD® 4.DTR® 5.GMD#® 6 & Clar £ Clear
[~ Send from file ... [ Send from file ...
7| Pesiod - abedefghi jklmnoparstuvwxyz I DPencd 1
= ' i Sead - ll Send
Shortout History Shortout History
L€ Readv! 1767/65 RX:9660 I TX:1716 I Reset | Ml 1€ Readv! 510 RX:1716 TX0 Reset
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2 Code Description

Define PDMA channel:

[ #define UART_RX_DMA_CH ©

Define UART RX buffer size:

|#define RXBUFSIZE 1024

Define PDMA descriptor tables:

typedef struct dma_desc_t

{
uint32_t ctl;
uint32_t src;
uint32_t dest;
uint32_t offset;

} DMA_DESC_T;

DMA_DESC_T DMA_DESC[2];

PDMA initialization:

void PDMA Init(void)
{
/* Open Channel 1 */
PDMA_Open(PDMA, 1 << UART_RX_DMA_CH);

/* Enable Scatter Gather mode, assign the first scatter-gather descriptor table is
table 1, and set transfer mode as uart rx to memory */

PDMA_SetTransferMode(PDMA, UART_RX_DMA_CH, PDMA_UART1 RX, TRUE, (uint32_t)&DMA _DESC[@]);

/* Scatter-Gather descriptor table configuration in SRAM */

K o e e e
Descriptor table 1 configuration:
UART1 BASE g_u8RecData[0]
___________________________ oS e el
/1 el | [x1 | [21 1 (311 fe1 | [11 | 21 | [31 I\
| | | | | | | | |
RXBUFSIZE/2 |

|
| | | | |
\| [5e8]| [5@9]| [51@]| [511]]

8bits(one byte) 8bits(one byte)

Operation mode = scatter-gather mode
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Next descriptor table = DMA DESC[1](Descriptor table 2)

transfer done and timeout interrupt = enable

RXBUFSIZE/2
Transfer width = 8 bits
Source address = UART1_BASE

Transfer count

Source address increment size = fixed address(no increment)
Destination address = g u8RecData
Destination address increment size = 8 bits(one byte)

Transfer type = single transfer

Total transfer length = (RXBUFSIZE/2) * 8 bits

DMA_DESC[@].ctl = \
((RXBUFSIZE / 2 - 1) << PDMA_DSCT_CTL_TXCNT Pos) | /* Transfer count is RXBUFSIZE/2 */ \

PDMA_WIDTH_8 | /* Transfer width is 8 bits */ \

PDMA_SAR_FIX | /* Source increment size is fixed(no increment) */ \
PDMA_DAR_INC | /* Destination increment size is 8 bits */ \
PDMA_REQ_SINGLE | /* Transfer type is single transfer type */ \

PDMA_BURST_1 | /* Burst size is 1. No effect in single transfer type */ \

PDMA_OP_SCATTER; /* Operation mode is scatter-gather mode */
/* Configure source address */

DMA_DESC[@].src = (uint32_t)UART1_BASE;

/* Configure destination address */

DMA_DESC[@].dest = (uint32_t)&g u8RecData[@];/*buffer 1 */
/* Configure next descriptor table address */

DMA DESC[@].offset = (uint32_t)&DMA DESC[1] - (PDMA->SCATBA); /* next operation table
is table 2 */

2
Descriptor table 2 configuration:
UART1_BASE g_u8RecData[RXBUFSIZE/2]
___________________________ N
/1 el | (11 | [21 | (3] el | [11 | [21 | 31 I\
| I I I I I | I
RXBUFSIZE/2 |

I
|
|
| I | | |
\| [5e8]| [5@9]| [51@]| [511]]

8bits(one byte) 8bits(one byte)
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Operation mode = scatter-gather mode
Next descriptor table = DMA DESC[@](Descriptor table 1)

transfer done and timeout interrupt = enable

RXBUFSIZE/2
Transfer width = 8 bits
Source address = UART1_BASE

Transfer count

Source address increment size = fixed address(no increment)
Destination address = g u8RecData[RXBUFSIZE/2]
Destination address increment size = 8 bits(one byte)

Transfer type = single transfer

Total transfer length = (RXBUFSIZE/2) * 8 bits

DMA_DESC[1].ctl = \
((RXBUFSIZE / 2 - 1) << PDMA_DSCT_CTL_TXCNT_Pos) | /* Transfer count is RXBUFSIZE/2 */ \

PDMA_WIDTH_8 | /* Transfer width is 8 bits */ \

PDMA_SAR_FIX | /* Source increment size is fixed(no increment) */ \
PDMA_DAR_INC | /* Destination increment size is 8 bits */ \
PDMA_REQ_SINGLE | /* Transfer type is single transfer type */ \

PDMA BURST 1 | /* Burst size is 1. No effect in single transfer type */ \

PDMA_OP_SCATTER; /* Operation mode is scatter-gather mode */

/* Configure source address */

DMA_DESC[1].src = (uint32_t)UART1_BASE;

/* Configure destination address */

DMA_DESC[1].dest = (uint32_t)&g u8RecData[RXBUFSIZE / 2] ; /* buffer 2 */
/* Configure next descriptor table address */

DMA_DESC[1].offset = (uint32_t)&DMA_DESC[@] - (PDMA->SCATBA); /* next operation table
is table 1 */

/* PDMA channel timeout*/

PDMA SetTimeOut(PDMA, UART_RX DMA CH, 1, PDMA TIME); /* channel @ timeout period = CLK
* TOCo */

/* Enable interrupt */

PDMA_EnableInt(PDMA, UART_RX DMA_ CH, PDMA_INT_TRANS DONE); /* channel transfer done */
PDMA_EnableInt(PDMA, UART_RX_DMA CH, PDMA_INT_TIMEOUT); /*channel timeout */

NVIC _EnableIRQ(PDMA_IRQn);

}

UART initialization

/* Init UART1 */
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UART1_Init();

Data processing:

1);

while (1)

{

}

/* Add data processing code */
if (g_u32comRbytes)

{
uintlée_t tmp;
tmp = g u32comRtail;
if (g_u32comRhead != tmp)
{
printf("%c", g u8RecData[g _u32comRhead]);
g u32comRhead = (g_u32comRhead == (RXBUFSIZE - 1)) ? © : (g_u32comRhead +
g _u32comRbytes--;
}
}

Update UART RX buffer:

void PDMA_IRQHandler(void)

{

uint32_t status = PDMA GET_INT_STATUS(PDMA); /* interrupt status */
uint32_t cnt = PDMA_GET_TRANS_CNT(PDMA, UART_RX DMA CH); /* channel transfer count */

if (status & @x2) /* channel transfer done */

{

}

/* Check channel transfer done status */
if (PDMA_GET_TD_STS(PDMA) == PDMA_TDSTS_TDIF@ Msk) /* finish a descriptor table*/
{

/* Update receive count */

g u32comRbytes += g _u32cntbak + 1; /* count */

g u32comRtail = (g_u32comRtail + g u32cntbak + 1) % RXBUFSIZE; /* index */

g u32cntbak = RXBUFSIZE / 2 - 1; /* channel cnt backup */

g u8PackageComplete = 1;

/* Clear transfer done flag of channel UART_RX_DMA CH */
PDMA_CLR_TD_FLAG(PDMA, PDMA_TDSTS_TDIF@_Msk);
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else if (status & 0x100) /* channel @ timeout */
{
/* Update receive count */
g u32comRbytes += g u32cntbak - cnt; /* count */
g u32comRtail = (g_u32comRtail + g u32cntbak - cnt) % RXBUFSIZE;
g _u32cntbak = cnt; /* channel cnt backup */

g u8PackageComplete = 0;

/* restart timeout */
PDMA_SetTimeOut (PDMA, UART_RX DMA CH, @, 0);
PDMA_CLR_TMOUT_FLAG(PDMA, UART_RX DMA_CH);
PDMA_SetTimeOut(PDMA, UART_RX_DMA CH, 1, PDMA TIME);
}
else

printf("unknown interrupt !!\n");

/* index */
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3 Software and Hardware Requirements

3.1 Software Requirements

® BSP version
€ M480 Series BSP CMSIS v3.05.001

® |DE version
€ Keil uVversion 5.26

3.2 Hardware Requirements

® Circuit components
€ NuMaker-PFM-M487 Ver3.0
¢ PC

€ Nu-Bridge
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® Pin Connect
UARTO_TX(PB.13) UART_RX USB USBO
UARTO_RX(P B.12) UART_TX
GND GND
Nu-Link-me
UART1_RX (PA.2) UART_TX USB USB1
GND GND
NuMaker-PFM-M487 Nu-Bridge PC
Figure 3-1 Pin Connect
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4 Directory Information

The directory structure is shown below.
7 EC_M480_UART_RX PDMA_V1.00

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

r—~ SampleCode

7~ ExampleCode  Source file of example code

Figure 4-1 Directory Structure

Aug. 13, 2021 Page 10 of 13 Rev 1.00



NUvVOoOTOoON M480 Series

5 Example Code Execution

1. Browse the sample code folder as described in the Directory Information section and
double-click UART_RX_ PDMA _ScatterGather.uvproj.

2. Enter Keil compile mode.
® Build
® Download
® Start/Stop debug session
3. Enter debug mode.
® Run
4. UART receives data.
® Open UartAssist.exe
® Baud rate: 115200bps
5.  Print debug information.
® Open UartAssist.exe

® Baud rate: 115200bps
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6 Revision History

Date Revision Description

2021.08.13 1.00 1. Initially issued.
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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 that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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