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/*!
* @brief DMA transfer size configuration.

*

* This structure configures the basic source/destination transfer attribute.

* Implements : dma_transfer_config_t_Class
*/
typedef struct
{
uint32_t srcAddr;
pointing to the source data. */
uint32_t destAddr;
pointing to the destination data. */
dma_transfer_size_t srcTransferSize;
transfer size. */
dma_transfer_size_t destTransferSize;
transfer size. */
intl6_t srcOffset;
offset applied to the current source address

state value as each source read/write

intl6_t destOffset;
offset applied to the current destination

the next-state value as each source

completed. */
int32_t srclLastAddrAdjust;
address adjustment. */
int32_t destlLastAddrAdjust;
address adjustment. Note here it is only

reload feature is not enabled. */
dma_modulo_t srcModulo;

modulo. */
dma_modulo_t destModulo;

address modulo. */
uint32_t transferLoopByteCount;

to be transferred in each service request

/*1< Memory address

/*1< Memory address

/*1< Source data

/*!< Destination data

/*!< Sign-extended

to form the next-

is completed. */
/*!1< Sign-extended

address to form

read/write 1is

/*1< Last source

/*!< Last destination

valid when ram

/*!< Source address

/*!< Destination

/*!1< Number of bytes



25 of the channel. */

26 bool ramReloadEnable; /*!< Enable ram
reload feature. */
27 uint32_t ramReloadNextDescAddr; /*!1< The address of

the next descriptor to be used, when
28 ram reload feature

is enabled.

29 Note: this value
is not used when ram reload

30 feature is
disabled. */

31 bool interruptEnable; /*!< Enable the
interrupt request when the trigger loop

32 count completes */

33 dma_loop_transfer_config_t *LloopTransferConfig; /*!< Pointer to loop
transfer configuration structure

34 (defines
transfer/trigger loop attributes)

35 Note: this field
is only used when transfer loop mapping is

36 enabled from DMA

configuration. */
37 } dma_transfer_config_t;

B9 DMA By 2SSt

srcAddr
DMARIZAY Rt

destAddr
DMARIZAY B a9t

srcTransferSize

DMARIZ Rt RV SR MY R/ MRIZ 201, BHAECEMT, HiEEDMA_TRANSFER_SIZE_4B,
Bl—X =41 bytes

/*x! @brief DMA transfer configuration

2 * Note: in L/Z series DMA_TRANSFER_SIZE_16B and DMA_TRANSFER_SIZE_32B are
not supported.

3 * Implements : dma_transfer_size_t_Class

4 */

5 typedef enum

6 {



DMA_TRANSFER_SIZE_1B = 0Ox0U,
DMA_TRANSFER_SIZE_2B = 0x1U,
DMA_TRANSFER_SIZE_4B = 0x2U,
10 DMA_TRANSFER_SIZE_8B = 0x3U,
11 DMA_TRANSFER_SIZE_16B = 0x4U,
12 DMA_TRANSFER_SIZE_32B = 0x5U,
13 DMA_TRANSFER_SIZE_64B = 0x6U,

14 } dma_transfer_size_t;

destTransferSize

DMAHIEE B A9t it RO EUIERT I/ MBS 2L, HRZ_ESCHY Access Loop, HiEF
DMA_TRANSFER_SIZE_4B, Bl—xifiz41 bytes

srcOffset
FRIHRETS, ZSHENEE N IT—/K Access Loop fF,
a. APAEKIAREXMhRIEEE, B8 srcOffset IRE 0
b. AFRREMIZANFTGRIEIE, AR srcOffset IRE 7 4
c. BR&EERIZANFLRIRVEIE, A srcOffset IRE /7y -4

destOffset
BN RES, ZSHANSE NN, 1T —/R Access Loop fF,
a. AR &EEKIBREHEIERE 2, A1 destOffset iIREH 0
b. AFRREREHEZ ZMUFANFTNAME, AR destOffset IRE R 4
c. BR&EERIZHIEE ZMUFI4NFHRIMUE, A destOffset IRE A -4

srcLastAddrAdjust

SER— R Trigger Loop 5, JE#AtRYMARZ. LA TE G, LtLEY Access Loop S94bytes,
Transfer Loop J716bytes, Trigger Loop t916bytes, Bl—Xfii’kE4, DMAHRHRIZ16bytesk
1E, EtE = 0x0010

a. EAPHEET—RAL%., EFIE 0x0000 titrIEkE, METHE srcLastAddrAdjust IREH -16
b. ERARHEE T —Rib%, HEFTHE, WA srcLastAddrAdjust iIRE /9 0
c. ERFPHFETXi%L, Mz 0x0020 ULAIEAIE, MARE srcLastAddrAdjust IRE /9 16



Ox0000
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Ox0010

»

destLastAddrAdjust
SER—IX Trigger Loop f&, BBIMIERYEERS, 5 srcLastAddrAdjust £, FEFR

srcModulo
JEMANR(E, AR EW TR

1

2

3

4

5 typedef enum

6 {

7 DMA_MODULO_OFF = 0U,

8 DMA_MODULO_2B,

9 DMA_MODULO_4B,
10 DMA_MODULO_8B,
11 DMA_MODULO_16B,
12 DMA_MODULO_32B,
13 DMA_MODULO_64B,
14 DMA_MODULO_128B,
15 DMA_MODULO_256B,
16 DMA_MODULO_512B,
17 DMA_MODULO_1KB,
18 DMA_MODULO_2KB,
19 DMA_MODULO_4KB,
20 DMA_MODULO_8KB,
21 DMA_MODULO_16KB,
22 DMA_MODULO_32KB,
23 DMA_MODULO_64KB,



24 DMA_MODULO_128KB,

25 DMA_MODULO_256KB,
26 DMA_MODULO_512KB,
27 DMA_MODULO_1MB,
28 DMA_MODULO_2MB,
29 DMA_MODULO_4MB,
30 DMA_MODULO_8MB,
31 DMA_MODULO_16MB,
32 DMA_MODULO_32MB,
33 DMA_MODULO_64MB,
34 DMA_MODULO_128MB,
35 DMA_MODULO_256MB,
36 DMA_MODULO_512MB,
37 DMA_MODULO_1GB,
38 DMA_MODULO_2GB

39 } dma_modulo_t;

LUREA5, ItbBY Access Loop F94bytes, Transfer Loop /932bytes

a. &&E srcModulo 5 DMA_MODULO_OFF , M— XX EfE, DMA SE
0x0000~0x0020 KIFf 5 £44E

b. &i&& srcModulo 73 DMA_MODULO_16B, M—Xft%&FE45, DMA £##iz 0x0000~0x0010
BYEHE, PESEFRIZ 0x0000~0x0010 HY%LHE
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>

0x0010
'

0x0020
>

BE—ARENX ¥R, & srcModulo BYIEE N DMA_ MODULO _16B B, JEiuiERY bit4-31 BARBEEDT
1, RE bit0~3 ALk,

destModulo

BrHIHEE, 5 srcModulo KM, FEER

transferLoopByteCount

—R Transfer Loop FrEEMEIFE T %K

ramReloadEnable
688 Ram Reload, Z5ERK Trigger Loop &, Hanh@iErR LA BsIMIRTFFIIE DMA VEEE S

ramReloadNextDescAddr

H5ERK Trigger Loop f5, Han@ER LABohiNE DMA NECESEL, W7ELED
ramReloadNextDescAddr



interruptEnable
f8E Trigger Loop SR

loopTransferConfig
BIMETHECE, ST TOFHE
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/*!

NS

*

@brief DMA loop transfer configuration.

* This structure configures the basic transfer/trigger loop attributes.

* Implements :
*/
typedef struct
{
uint32_t triggerLoopIterationCount;
iterations. */
bool srcOffsetEnable;
loop offset is applied to the
loop completion. */
bool dstOffsetEnable;
loop offset is applied to the
transfer loop completion. */
int32_t triggerLoopOffset;
to the source or destination address

after the transfer loop completes. */
bool transferLoopChnLinkEnable;
linking on transfer loop complete. */
uint8_t transferLoopChnLinkNumber;
to be started by DMA

completes. */
bool triggerLoopChnLinkEnable;
linking on trigger loop complete. */
uint8_t triggerLoopChnLinkNumber;
to be started by DMA

completes. */

} dma_loop_transfer_config_t;

/*1<

x1<

/1<

/1<

x1<

/*1<

/xI<

/1<

dma_loop_transfer_config_t_Class

Number of trigger loop

Selects whether the transfer

source address upon transfer

Selects whether the transfer

destination address upon

Sign-extended offset applied

to form the next-state value

Enables channel-to-channel

The number of the next channel

engine when transfer loop

Enables channel-to-channel

The number of the next channel

engine when trigger loop



EEY DMA IR L mss i iA

triggerLooplterationCount
RERDMA — @B R HFEmMN % DR Trigger E4, BN Trigger Loop

srcOffsetEnable

LM —R Transfer Loop &, BEFaeEMILERE., FX, HIEFEEEdma_transfer_config_t 44
¥{EARE] srcOffset, srcOffset JIFER—X Access Loop [aHY B Byt {RT%
dstOffsetEnable

L5 —X Transfer Loop &, R&EfFEEE IR

triggerLoopOffset

SER— /K Transfer Loop f&, RIS BaUtita Rz E, FRittit5 Bt e B RES
srcOffsetEnable 5 dstOffsetEnable =4l
transferLoopChnLinkEnabl

SeR—X Transfer Loop [5, fERE@IEFEIZINAE

transferLoopChnLinkNumber

FpEIZRVEIE, Transfer Loop @B EIEINEE: & HENEIESEA—/X Transfer Loop f&, IZBENfd
% transferLoopChnLinkNumber iZ@&@r01% 4, THINBREASEH,
triggerLoopChnLinkEnable

SER— /R Trigger Loop fg, fERE@EHHEINAE

triggerLoopChnLinkNumber

FHEERIBIE, TriggerLoop BIBREIZTNEE: B HAN@ESTA—/X Trigger Loop f&, IZEMfitA
transferLoopChnLinkNumber 1Z@&rI{% %, TRIMNBRELAFH.

3. DMA f&53IAPI7T45
3.1 DMA BHtEE

fEFADMA Z BIFREXIDMA #7481, XEBIRIFY RDMA B MEIRBVAIE LI DMA i@ E R4
1a1e, FILLEE AN R REEITHIIAL:

1 status_t DMA_DRV_Init(dma_state_t *dmaState,

const dma_user_config_t *userConfig,



dma_chn_state_t *const chnStateArray[],
const dma_channel_config_t *const chnConfigArrayl[],
uint32_t chnCount)

dmaState: EEEN—HML, YBEESFRFDMA BENETEEMEREEE, 2—1
dma_chn_state_t 85TV M{AEE,

userConfig: EX T —.DMAWEBECE, LEWDMA FEHEIRNIHEE DSHEHHI TR

chnStateArray: BERESLENEENE, BENState W FEEE2HMU, FRETBENEITEEM
B, ¥l EERSEX N EENdmaState #HXEX,

chnConfigArray: BEREFEE, ESXNNYIEEE, BEEmTiEAREMEAiM L BER
B R EPSEXNMEES AchnStateArray #H1TRF

chnCount: 2EHEYIBKMchannel %=

DMA_DRV_Init £ FHZEFNDMA_DRV_Deinit BEXYfER, MNRELE#EHK TDMA, NEER

DMA_DRV_Deinit
RS RAIEIDMA Z B EMIENL, TN FAIEEITINIHEIR.

DMA #9aL e 2 fE R A ARIEFR B3I DMA R@E MEE T mvEcE, HAREuE S . X

DMA BYEiE i AR SRR RERANZENSHREH, TEMNXRMEIEERECEHTRET

3.2 EEERRERG

&) AV IRAIDMA HE(L i mT LUSSILE R R IR R iR (E, BREREREDMA IF|FHIEM—

MBERITE FZ— 7, Rt BRIt RE RS (Memory) FMIUEART AT

(Peripherals) , DMA AJLLE £k Trigger, ®RIRIEEEHEMEIE,
IR R MAVECE v LOBIS 9N T R B5ERK -

1 status_t DMA_DRV_ConfigSingleBlockTransfer (uint8_t virtualChannel,

2 dma_transfer_type_t type,

3 uint32_t srcAddr,

4 uint32_t destAddr,

5 dma_transfer_size_t transferSize,
6 uint32_t dataBufferSize)

e virtualChannel: EX @I MEEHITEH, EFERGFERILIMBELT=RRE, ZERE

AR

EBERRES



o type: EXTHUBMIERZEE, 55 DMA_TRANSFER_PERIPH2ZMEM,
DMA_TRANSFER_MEM2PERIPH, DMA_TRANSFER_MEM2MEM,
DMA_TRANSFER_PERIPH2PERIPH JIFhE8Y, R¥OBIT LB R RHIULA B ottt 2 B EE R
%

o srcAddr: JRitbii, DMA Mizsthiit e (BiE#ininlizttiit) AR
o destAddr: BRUMsE, DMAFEIES NiZtitBImemroy == (aE]80E Mg

e transferSize: EX 7T DMA XHE#nEFN B AUt BIRIRIENTRE, 27!
DMA_TRANSFER_SIZE_1B, DMA_TRANSFER_SIZE_2B, DMA_TRANSFER_SIZE_4B,
DMA_TRANSFER_SIZE_16B, DMA_TRANSFER_SIZE 32BJ1#3£%, JFEMCU FgER =58 R
BJLMER, EHANRE1B, 2B 4B, S5IXRFTIiA1R)(8bit), FFiAiR(16bit) F1F kiR
(32bit),

e dataBufferSize: EX 7T BX{ERNEFTE

3.3 RIBFNZRIL

W —EE T, DMA BB T BARENZIRIGH, PTLSKIIEMEREVERIESR, X5
EHSMNIMAEMHRVRE, XEFECPU ATLIEDBT NIMKEIRZ M TFERCPU RS, ZRE5HE
W0 T EREECE -

status_t DMA_DRV_ConfigMultiBlockTransfer (uint8_t virtualChannel,
dma_transfer_type_t type,
uint32_t srcAddr,
uint32_t destAddr,
dma_transfer_size_t transferSize,
uint32_t blockSize,
uint32_t blockCount,
bool disableReqOnCompletion)

o N oo o~ W N

ZRERNMBDSHMBRERER, ZREBRSINTOT/LNSH:
* blockSize: EA&ZFFdataBufferSize, XFRDMA &XTrigger EHDMA IEEIEMN 2 F T

e blockCount: DMA EyTrigger Loop BYEIF/R%EK, BRLZIZDMA @& 2z S DB Trigger
=14,

e disableReqOnCompletion: RBEREETrigger Loop &R 7 ExAEEMNEGfLL, KB R
TROZIKEZESEHATrue, HiZBHI&KE NFalse BY, N1ERDMA ELSEMFIBERTrigger Loop, It
EYDMA AR S ERRVAR A =4, DMA 2B hiLoop RENIGENVIIGE (—MRBFETrigger
Loop) VB, HAWEFAMEH.

3.4 EAEHE



NRFEXIDMA BEHME N AR RVIESH], A LOBI I FRYRERECEDMA FianvsbE it :

1 status_t DMA_DRV_ConfiglLoopTransfer (uint8_t virtualChannel,
const dma_transfer_config_t

*transferConfig)

e transferConfig: DMA £ aiBC &5 104485, BN 2.2 &R &Y.
DMA_DRV_ConfigLoopTransfer B] LASEIR st ¥Rt AER] B Rt ROFNRIZIKE, HZIMEATLUGER
EF@EZ

R E R IRIE, SIMERILIZEDMA E52hL iRl Trigger Loop Z/EMRAM HrE#iload #ilVERE
(=8

4. DMA R ARG

4.1 #%iz Flash #3EZE RAM
TEREETRT DMA IS Flash #3EZE RAM

1 dma_state_t dmaController_State;

2 dma_chn_state_t dmaControllerChn@_State;

3

4  dma_chn_state_t * const dmaChnStateArray[] = {

5 &dmaControllerChn@_State,

6 1}

-

8

9 dma_channel_config_t dmaControllerChn@_Config = {
10 .virtChnConfig = 0,

11 .source = DMA_REQ_Disabled,

12 .callback = NULL,

13 .callbackParam = NULL,

14 3},

15

16 const dma_channel_config_t * const dmaChnConfigArray[] = {
17 &dmaControllerChno_Config,

18 };

19

20 const dma_user_config_t dmaController_InitConfig = {
21 .haltOnError = false

22}y

23

24 #define MASS_DATA_BLOCK (64)



25 volatile uint8_t done = 0;

26 uint8_t retData[MASS_DATA_BLOCK];

27 /* DMA callback */

28 void CompleteDMA(void *parameter, dma_chn_status_t status)

29 {

30 done = 1;

31 (void) parameter;

32 if (DMA_CHN_ERROR == status)

33 {

34 PRINTF("Error happened!\n");

35 while (1);

36 }

37 }

38

39 void Mem2Mem(void)

40 {

41 /% DMA Init */

42 DMA_DRV_Init(&dmaController_State,

43 &dmaController_InitConfig,

44 dmaChnStateArray,

45 dmaChnConfigArray,

46 DMA_CONFIGURED_CHANNELS_COUNT) ;

47

48 /* DMA carries data from 0x00000000 to retData */

49 DMA_DRV_ConfigSingleBlockTransfer (0, DMA_TRANSFER_MEM2MEM, 0, (uint32_t)
retData, DMA_TRANSFER_SIZE_4B,

50 MASS_DATA_BLOCK) ;

51 /* Install DMA callback */

52 DMA_DRV_InstallCallback(®, CompleteDMA, NULL);

53 /* Start DMA channel */

54 DMA_DRV_StartChannel(0);

55 /* Software trigger for DMA to start carrying data */

56 DMA_DRV_TriggerSwRequest(0) ;

57 /* Wait DMA done */

58 while(!done);

59 PRINTF("DMA carries data from Ox00000000 to retData done\n");

60 }

61

LRRBER T W Flash REVEEEEE DMA #1ZE RAM, DMA &3z 0x0000_0000 BYEKIEE
retData #R4HH, H#RIE 64bytes 3k,

4.2 SP1 FA DMA AR & ixEhiE
TERGESERINFELREEIDMA A SCIN SPI BEKIE & %



AR RBECKEAE, UKRIR X0 DMAREE

1 dma_channel_config_t dmaControllerChno_Config = {

2 .virtChnConfig = 0,

3 .source = DMA_REQ_SPI4_TX,

4 .callback = NULL,

5 .callbackParam = NULL,

6 1

-

8

9

10  #define SPI_TX_LEN (100)

11 uint8_t spiTxBuf[SPI_TX_LEN];

12 void Mem2Periph(void)

13 {

14

15

16 DMA_DRV_ConfigMultiBlockTransfer (0, DMA_TRANSFER_MEM2PERIPH,
(uint32_t)spiTxBuf, (uint32_t)&(SPI4->DATA),

17 DMA_TRANSFER_SIZE_1B, 1, SPI_TX_LEN,
true);

18

19 DMA_DRV_StartChannel(0);

20

21}

L3RR B79 SPI@E DMA BN &R EHIENE 2. FERNTUTF:
1. %% DMA BERIAR &R, L5959 DMA_REQ_SPI4_TX
2. %3 DMA_DRV_ConfigMultiBlockTransfer SEI SPI &iX##E,

3. 3 SPIHY&IX FIFO A=HY, =4DMAiIEK, DMA =iRiz 1byte #3EM spiTxBuf = SPI Bk X
FIFO

4. HEIECE—/R Trigger 3z 15777, BIRST 100 FHEUE, &=L 100 4 Trigger

4.3 SPI F DMA AR iZUEhiE
TERAESERIELNSEEIDMA ARSI SPI BEiEREIL
FE HEEREARE, UARE DMA WEE

1 dma_channel_config_t dmaControllerChn@_Config = {
.virtChnConfig = 1,
.source = DMA_REQ_SPI4_RX,



O© 0o N oo o b

10
11
12
13
14
15
16

17

.callback = NULL,
.callbackParam = NULL,

s

#define SPI_RX_LEN (100)
uint8_t spiRxBuf[SPI_RX_LEN];
void Periph2Mem(void)

{

DMA_DRV_ConfigMultiBlockTransfer (1, DMA_TRANSFER_PERIPH2MEM, (uint32_t)&
(SPI4->DATA), (uint32_t)spiRxBuf,
DMA_TRANSFER_SIZE_1B, 1, SPI_RX_LEN,

true);

DMA_DRV_StartChannel(1);

ERRGI79 SPI @S DMA A UEWEIERIE D AE. TERBWT:
1. #%&4% DMA BERR AR, LthfI9 7 DMA_REQ_SPI4_RX

w »

17£#% DMA_DRV_ConfigMultiBlockTransfer 23 SPI 1ZUREIE
% SPI B9#ZUR FIFO 3E=EY, F=4DMAIER, DMA =S 1byte #IEM SPI B9iZUR FIFO &

spiRxBuf
4. HRBECE—/R Trigger RfRiz 17T, EiR5e 100 FEkdE, F=4E 100 1 Trigger

4.4 ZBFRIERT ADC iE 100 py 5 st
B— 200 words KEMELH, SEBTRIFT ADC M MBEERE100R YL HRE R,

~N o o b

(0]

#define ADC_LOOP_CNT (100)
#define BUFFER_LENGTH (200)
volatile uint32_t g_adc_result[BUFFER_LENGTH];

dma_Tloop_transfer_config_t adcLoopTransferConfig = {
.triggerLoopIterationCount = ADC_LOOP_CNT,

.dstOffsetEnable = false,
.triggerLoopOffset = 0



10 3;

11

12 /* DMA transfer configuration for ADC */

13 const dma_transfer_config_t adcTransferConfig = {

14 .srcAddr = (uint32_t)&ADCO->FIFO, // get ADC result

15 .destAddr = (uint32_t)&g_adc_result[0OU], // store ADC
result

16 .destOffset = Ox04U, // 4bytes for ADC
result

17 .srcOffset = Ox00U,

18 .srcTransferSize = DMA_TRANSFER_SIZE_4B, // DMA transfer
2Bytes one time.

19 .destTransferSize = DMA_TRANSFER_SIZE_4B,

20 .srcModulo = DMA_MODULO_OFF,

21 .destModulo = DMA_MODULO_OFF,

22 .transferLoopByteCount = 8, // Byte size per
transfer.

23 . loopTransferConfig = &adclLoopTransferConfig,

24 .destlLastAddrAdjust = -(ADC_LOOP_CNT * 4), // Refresh data
buffer

25 .interruptEnable = true // Enable the
interrupt request when the trigger loop count completed.

26}

27

28 void AdcRefreshData(void)

29 {

30

31

32 /* Config DMA for ADC */

33 DMA_DRV_ConfiglLoopTransfer (0, &adcTransferConfig);

34 /* Start new trigger loop when trigger loop done */

35 DMA_DRV_DisableRequestsOnTransferComplete (0, false);

36 /* DMA channel */

37 DMA_DRV_StartChannel(0);

38

39

40 3
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