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1 Introduction of eDMA

The Enhanced Direct Memory Access (eDMA) is a powerful feature designed to offload memory transfer tasks
from the CPU. Therefore, improving the performance and efficiency, especially in high-throughput applications.

On i.MX RT118x SoCs, there are two eDMAs: eDMA3 and eDMA4. eDMAZ3 is connected to the AHB32 bus,
whereas eDMA4 is connected to the AXI bus. eDMA3 and eDMA4 have the same functionality, but differ in
some bit fields. However, this use case and the code are applicable to both.
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2 TCD

TCD is a data structure used by the eDMA engine and it defines channel configuration. It defines all the
parameters needed for a single DMA transfer or chain of transfers, such as the size of read/write transaction,
source/destination address, and address offsets.

TCD contains status flags which indicate the state of the particular channel or indicate errors in the channel,
such as destination bus error, and source bus error. This supports high configurability for each separate channel
so that it can be used for every specific use case.

The channel can be activated by any one of these three methods:

» Explicit initiation by software (Writing start bit)

* |nitiation by channel to channel linking (The channel triggers another channel upon Major/Minor loop
completion)

* Initiation by hardware request (FIFO full signal from LPSPI)

The TCD data structure is 32 bytes long and it is stored in eDMAX local memory. When the channel is triggered,
this structure is copied from eDMAX local memory to the eDMA engine and then it controls the transaction.
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Figure 1. TCD structure
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3 Scatter/Gather feature

Scatter/Gather is the process of automatically loading a new TCD into a channel from memory. It allows a DMA
channel to use multiple TCDs. It in turn enables a DMA channel to scatter the DMA data to multiple destinations
or gather it from multiple sources. When Scatter/Gather is enabled and the channel has finished its major loop,
a new TCD is fetched from the system memory and loaded into that channel’s descriptor location in the eDMA
programmer’s model. Therefore, replacing the current descriptor.
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4 Channel linking feature

Channel linking or chaining is a mechanism where one channel sets the TCDn_CSR[START] bit of another
channel or itself. Therefore, initiating a service request for that channel. When properly enabled, the eDMA
engine automatically performs this operation at the major or minor loop completion.

The minor loop channel linking occurs at the completion of the minor loop or one iteration of the major loop. The
TCDn_CITER[ELINK] field determines whether a minor loop link is requested. When the TCDn_CITER[ELINK]
field is enabled, the channel link is made after each iteration of the major loop except for the last. When the
major loop is exhausted, only the major loop channel link fields are used to determine if a channel link should be
made.

AN14726 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.
Application note Rev. 1.0 — 25 July 2025 Document feedback
5/16



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN14726

NXP Semiconductors AN 1 4726

eDMA Linked Channels with Scatter/Gather Functionality

5 Use case

This application demonstrates the use of three separate DMA channels: Channel 0 (CHO), Channel 1 (CH1),
and Channel 2 (CH2).

It also enables two important eDMAX features: Channel linking (end of the Major loop), and Scatter/Gather
feature.

5.1 Data sequence

5.1.1 Data buffers:

* A source buffer containing 4 words is allocated in OCRAM1:
— Each channel has its own source buffer.
» Destination buffers containing 8 words (4 words from source buffer, 4 words offsets) are allocated in
OCRAM2:
— CHO has only 1 destination buffer
— Both CH1 and CH2 have 2 destination buffers (Scatter/Gather feature)

5.1.2 All the channels perform the following data transfer:

* In the Major loop, 4 words are transferred.

* Read 1 word from the source address.

* Write 1 word to the destination address.

* Add 1 word offset to the destination address.

* Repeat until 4 words are transferred (after major loop completion).

TCDO OCRAM2 TCcDY OCRAM2
Ch[n]BufferOCRAM2 Ch[n]Buffer20OCRAM2
OCRAM1 WORDO OCRAMI WORDO
Ch[n]Buf‘ferOCRAM1/ 1 WORD offset Ch[n]BufferOCRAM1 1 WORD offset
WORDO WORDO

1 WORD offset 1 WORD offset
WORD2 — WORD2

WORD1 WORD1
WORD1 7 WORDH1 7
—

WORD2 WORD2
WORD3 WORD3
\ 1 WORD offset 1 WORD offset
WORD3 WORD3
1 WORD offset 1 WORD offset
Figure 2. TCDs for CH1 and CH2
5.2 Channel configuration
Configurations of Channel 0, Channel 1, and Channel 2 are given below:
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5.2.1 Channel 0

* TCD is configured to transfer data from the ChOBufferOCRAM1 in OCRAM1 to ChOBufferOCRAM2 in
OCRAM2.

 Triggered by the software in periodic event and is set to link CH1.

* At the end of the major loop, CHO triggers CH1.

5.2.2 Channel 1

* TCDO is configured to transfer data from the Ch1BufferOCRAM1 in OCRAM1 to Ch1BufferiOCRAM2 in
OCRAM2.

TCD1 is configured to transfer data from the Ch1BufferOCRAM1 in OCRAM1 to Ch1Buffer2OCRAM2 in
OCRAM2.

Channel 1 has a Scatter/Gather feature enabled. At the end of the Major loop, the new TCD is loaded from
memory to eDMAX local TCD memory.

* Then it triggers CH2 as the Channel linking feature is enabled for this channel.

5.2.3 Channel 2

* TCDO is configured to transfer data from the Ch2BufferOCRAM1 in OCRAM1 to Ch1BufferiOCRAM2 in
OCRAM2.

* TCD1 is configured to transfer data from the Ch2BufferOCRAM1 in OCRAM1 to Ch2Buffer2OCRAM2 in

OCRAM2.

Channel 2 has a Scatter/Gather feature enabled. At the end of the Major loop, the new TCD is loaded from

memory to eDMAX local TCD memory.

* The channel linking for this channel is not enabled. So, at the end of the major loop, the whole sequence is
done. The channel CHO is waiting for software trigger which starts the sequence again.

TCDO |Linktor  TCDO Link1gr | TCDO TCDO |unkTgr | TCD1 |Link7gr | TCD1
—> —> —> —>
CHO | cH1 | | cH2 | CHO |cH1 | |ch2|
A A ?‘
time
Software trigger Load TCD1 Load TCD1 Software trigger Load TCD1 Load TCD1
of CHO of CHO

Figure 3. Trigger sequence
5.3 Configuration of the eDMAXx
To configure the eDMAX, perform the following steps:
1. Create the buffers for data and place them in to the corresponding memories as given below:

/* OCRAMs buffers */

// Buffers for Channel 0

uint32 t ChOBufferOCRAMI [4] attribute ((section(".OCRAM1")));

uint32 t ChOBufferOCRAM2[8]  attribute ((section(".OCRAM2"))):;

// Buffers for Channel 1

uint32 t ChlBufferOCRAM1[4]  attribute ((section(".OCRAM1")));

uint32 t ChlBufferlOCRAMZ2[8]  attribute ((section (".OCRAM2")));

uint32 t ChlBuffer20CRAM2[8]  attribute ((section (".OCRAM2")));
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// Buffers for Channel 2

uint32 t Ch2BufferOCRAMI [4] attribute ((section (".OCRAM1")));
uint32 t Ch2BufferlOCRAMZ2[8] attribute ((section(".OCRAM2"))):;
uint32 t Ch2Buffer20CRAM2[8] attribute ((section(".OCRAM2"))):;

2. Create Arrays for TCDO, 1 for CH1 and CH2.
These arrays are stored in OCRAM1 memory and after major loop completion of CH1/2 are copied into
eDMAX internal TCD memory.
Note: Ensure that the TCD address is 32 bytes aligned.

edma tcd t ChITCDArr[2]  attribute ((section(".OCRAM1"))) _ attribute
((aligned (32)));
edma tcd t Ch2TCDArr[2] attribute ((section(".OCRAM1")))  attribute

((aligned (32)));

3. Go to settings of the channels and enable linking globally for eDMAX:

DMA4->MP_CSR |= DMA MP CSR GCLC_MASK;

4. Set the following addresses:

// Set source address - address of ChOBufferOCRAM1

DMA4->TCD[0] .SADDR = &ChOBufferOCRAMI;

// Source offset - after each read of source add this offset to read address
DMA4->TCD[0] .SOFF = 0x4;

// set read transaction size to 4 bytes, set store transaction to 4 bytes

DMA4->TCD[0] .ATTR = DMA TCD ATTR DMOD (0x0) | DMA TCD ATTR SMOD (0x0) |

DMA TCD ATTR SSIZE (0x2) | DMA TCD ATTR DSIZE (0x2);

// Set number of bytes to be transferred each minor loop, for this case 16
bytes

DMA4->TCD[0] .NBYTES MLOFFYES = DMA TCD NBYTES MLOFFNO NBYTES(16); // 4 bytes
per transaction

// Set source address offset after end of the major loop; for this case -16
bytes offset

DMA4->TCD[0] .SLAST SDA = DMA4 SLAST SDA SLAST SDA(-16);

// Set destination address - address of ChOBufferOCRAM2

DMA4->TCD[0] .DADDR = DMA TCD DADDR DADDR ( &ChOBufferOCRAM2 ) ;

// Destination offset - after each read of source add this offset to write
address; for this case +8 bytes

DMA4->TCD[0] .DOFF = DMA TCD DOFF DOFF (8) ;

// Set current iteration number to 1

DMA4->TCD[0] .CITER ELINKNO = 1;

// Set source destination address offset after end of the major loop; for
this case -32bytes offset

DMA4->TCDI[0] .DLAST SGA = =322

// Enable channel linking after major loop completes and set the number of
the channel to be linked

DMA4->TCD[0] .CSR = DMA4 CSR MAJORLINKCH (0x1) | DMA4 CSR MAJORELINK MASK;

// Set default iteration count to 1

DMA4->TCD[0] .BITER ELINKNO = DMA TCD BITER ELINKNO BITER (1) ;

5. Create TCDO and TCD1 for CH1 as given below:

// Set source address - address of ChlBufferOCRAMI1

ChlTCDArr[0] .SADDR = &ChlBufferOCRAMI;

// Source offset - after each read of source add this offset to read address
ChlTCDArr[0] .SOFF = 0x4;

// set read transaction size to 4 bytes, set store transaction to 4 bytes

Ch1TCDArr([0] .ATTR = DMA TCD ATTR DMOD (0x0) | DMA TCD ATTR SMOD (0x0) |
DMA TCD ATTR SSIZE (0x2) | DMA TCD ATTR DSIZE (0x2);
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// Set number of bytes to be transferred each minor loop, for this case 16
bytes

Ch1TCDArr([0] .NBYTES = DMA TCD NBYTES MLOFFYES NBYTES(16); // 4 bytes per
transaction

// Set source address offset after end of the major loop; for this case -16
bytes offset

ChlTCDArr[0] .SLAST = DMA4 SLAST SDA SLAST SDA(-16);

// Set destination address - address of ChlBufferOCRAM2

ChlTCDArr[0] .DADDR = DMA TCD DADDR DADDR ( &ChlBuffer1OCRAM2 ) ;

// Destination offset - after each read of source add this offset to write
address; for this case +8 bytes

ChlTCDArr[0] .DOFF = DMA TCD DOFF DOFF (8) ;

// Set current iteration number to 1

ChlTCDArr[0] .CITER = 1;

// Set address of new TCD which will be loaded at the end of the Major loop

Chl1TCDArr[0] .DLAST SGA = &Chl1TCDArr[l];

// Enable channel linking after major loop completes and set the number of
the channel to be linked, enable S/G

ChlTCDArr[0] .CSR = DMA4 CSR ESG MASK | DMA4 CSR MAJORLINKCH (0x2) |

DMA4 CSR_MAJORELINK MASK;

// Set default iteration count to 1

ChlTCDArr[0] .BITER = 1;

ChlTCDArr[1] .SADDR = &ChlBufferOCRAMI;

ChlTCDArr[1] .SOFF = 0x4;

Ch1TCDArr([1].ATTR = DMA TCD ATTR DMOD(0x0) | DMA TCD ATTR SMOD (0x0) |

DMA TCD ATTR SSIZE(0x2) | DMA TCD ATTR DSIZE (0x2);

ChlTCDArr[1] .NBYTES = DMA_TCD_NBYTES_MLOFFYES_NBYTES(16) |

DMA TCD NBYTES MLOFFYES DMLOE MASK | DMA TCD NBYTES MLOFFYES MLOFF(32); // 4
bytes per transaction

ChlTCDArr[1].SLAST = DMA4 SLAST SDA SLAST SDA(-16);

ChlTCDArr[1] .DADDR = DMA TCD DADDR DADDR( &ChlBuffer20CRAM2 ) ;
ChlTCDArr[1] .DOFF = DMA_TCD_DOFF_DOFF(8);

Chl1TCDArr[1].CITER = 1;

CthCDArr[l].DLAST_SGA = &ChlTCDArr[0];

ChlTCDArr[1].CSR = DMA4 CSR ESG MASK | DMA4 CSR MAJORLINKCH (0x2) |

DMA4 CSR MAJORELINK MASK;

ChlTCDArr[1] .BITER = 1;

6. Create TCD1 and TCD2 for CH2 as given below:

// Set source address - address of Ch2BufferOCRAM1

Ch2TCDArr[0] .SADDR = &Ch2BufferOCRAMI;

// Source offset - after each read of source add this offset to read address
Ch2TCDArr[0] .SOFF = 0x4;

// set read transaction size to 4 bytes, set store transaction to 4 bytes

Ch2TCDArr[0] .ATTR = DMA TCD ATTR DMOD(0x0) | DMA TCD ATTR SMOD (0x0) |
DMA TCD ATTR SSIZE (0x2) | DMA TCD ATTR DSIZE (0x2);
// Set number of bytes to be transferred each minor loop, for this case 16
bytes
Ch2TCDArr[0] .NBYTES = DMA TCD NBYTES MLOFFYES NBYTES(16); // 4 bytes per
transaction

// Set source address offset after end of the major loop; for this case -16
bytes offset

Ch2TCDArr[0] .SLAST = DMA4 SLAST SDA SLAST SDA(-16);

// Set destination address - address of Ch2BufferOCRAM2

Ch2TCDArr[0] .DADDR = DMAiTCDiDADDRiDADDR( &Ch2Bufferl1OCRAM2 ) ;

// Destination offset - after each read of source add this offset to write
address; for this case +8 bytes

Ch2TCDArr[0] .DOFF = DMA TCD DOFF DOFF (8) ;

// Set current iteration number to 1

Ch2TCDArr[0] .CITER = 1;
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// Set address of new TCD which will be loaded at the end of the Major loop
Ch2TCDArr([0] .DLAST SGA = &Ch2TCDArr[l];
// enable S/G and enable interrupt for this channel
Ch2TCDArr[0].CSR = DMA4 CSR ESG MASK | DMA4 CSR_INTMAJOR MASK;
Ch2TCDArr[0] .BITER = 1;
Ch2TCDArr[1] .SADDR = &Ch2BufferOCRAMI;
Ch2TCDArr[1] .SOFF = 0x4;
Ch2TCDArr[1] .ATTR = DMA TCD ATTR DMOD(0x0) | DMA TCD ATTR SMOD (0x0) |
DMA TCD ATTR SSIZE(0x2) | DMA TCD ATTR DSIZE (0x2);
Ch2TCDArr[1] .NBYTES = DMA TCD NBYTES MLOFFYES NBYTES (16) |
DMA TCD NBYTES MLOFFYES DMLOE MASK | DMA TCD NBYTES MLOFFYES MLOFF (32); // 4
bytes per transaction
Ch2TCDArr([1].SLAST = DMA4 SLAST SDA SLAST SDA(-16);
Ch2TCDArr[1] .DADDR = DMA TCD DADDR DADDR ( &Ch2Buffer20CRAM2 ) ;
Ch2TCDArr[1] .DOFF = DMA TCD DOFF DOFF (8);
Ch2TCDArr[1] .CITER = 1;
Ch2TCDArr[1] .DLAST SGA = &Ch2TCDArr[0Q];
Ch2TCDArr([1].CSR = DMA4 CSR_ESG MASK | DMA4 CSR_INTMAJOR MASK;
Ch2TCDArr[1] .BITER = 1;

7. In PIT, the periodic handler is CHO. It is periodically triggered by the software initiation as given below:

void DEMO LPIT IRQHandler (void)

{

/* Clear interrupt flag.*/
DMA4->TCD[0] .CH CSR |= DMA4 CH CSR DONE MASK;
DMA4->TCD[0] .CSR |= DMA4_CSR_START_MASK;
SDK_ISR_EXIT BARRIER;

}
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6 Note about the source code in the document

Example code shown in this document has the following copyright and BSD-3-Clause license:

Copyright 2025 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS I1S" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN

ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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Table 1 summarizes the revisions done to this document.

Table 1. Revision history

Document ID

Release date

Description

AN14726 v.1.0
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