
1 Introduction
The i.MX 8M family of applications processors based on Arm Cortex-A53 and 
Cortex-M cores provide industry-leading audio, voice, and video processing 
for applications. It scales from consumer home audio to industrial building 
automation and mobile computers.

ECSPI is an SPI IP module that is widely used in i.MX series SoCs, for 
example, i.MX6, i.MX7, and i.MX8M.

More and more i.MX users are intended to use ECSPI as slave in Linux 
to receive and transmit data. This application note guides them to deploy 
applications under Linux with acceptable speed and error rate on NXP i.MX8M 
series SoCs.

This application note describes ECSPI as slave in Linux and provides some 
optimizations and test results.

However, as Linux is not a real-time OS, it is not a good idea to use Linux to act 
as SPI slave. But surely it is the easiest way, for example, all drivers and test 
applications are ready there.

The target audiences of the document are those who:

1. Want to use ECSPI as slave on i.MX8M in Linux.

2. Want to know maximum transfer speed of using ECSPI as slave in 
Linux.

3. Get troubled by transmission speed of ECSPI as slave in Linux.

4. Get troubled by error rate of ECSPI as slave in Linux.

5. Want to get familiar with ECSPI on i.MX8M.

6. Want to know more about ECSPI.

 
The data presented in this application note is based on empirical 
measurements taken on a small sample size. The presented 
results are not guaranteed.

  NOTE  
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2 Definitions, acronyms, and abbreviations
Table 1. Definitions, acronyms, and abbreviations

Acronyms Meanings

ECSPI Enhanced Configurable SPI

DMA Direct Memory Access

SDMA Smart Direct Memory Access Controller

PIO Programming Input/Output Model

DTS Device Tree Source

DTB Device Tree Blob

RTOS Real-Time Operating System

SoC System on Chip

MISO Master In Slave Out

MOSI Master Out Slave In

SCLK Serial Clock

CS/SS Chip Select

3 Overview of i.MX8M ECSPI
The Enhanced Configurable Serial Peripheral Interface (ECSPI) is a full-duplex, synchronous, four-wire serial 
communication block.

Key features of the ECSPI include:

• Full-duplex synchronous serial interface.

• Master/Slave configurable.

• One Chip Select (SS) signal.

• Transfer continuation function allows unlimited length data transfers.

• 32-bit wide by 64-entry FIFO for both transmit and receive data.

• Polarity and phase of the Chip Select (SS) and SPI Clock (SCLK) are configurable.

• Direct Memory Access (DMA) support.

Figure 1 shows the block diagram of ECSPI.
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Figure 1. Block diagram of ECSPI

3.1 ECSPI driver in Linux
In Linux, ECSPI driver is located at drivers/spi/spi-imx.c. The driver can be configured by ECSPI DTS node.

The ECSPI driver in Linux supports:

• Support ECSPI on i.MX2, i.MX3, i.MX6, i.MX7, and i.MX8M.

• Configurable Master/Slave mode.

• Configurable DMA/PIO mode in Master mode.

• PIO mode only in Slave mode.

• Full-duplex data transfer with synchronous serial interface in Master/Slave mode.

• Configurable SS control mode. SS pin can be controlled as a GPIO by software or by ECSPI itself (master only).

• Configurable number of SS pins (master only).

3.2 ECSPI limitations as slave
The ECSPI has two slave-related hardware limitations, TXFIFO and burst size.

3.2.1 TXFIFO issue in slave mode
The description of the limitation is that:
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When working in Slave mode, after 64 words are written to TX FIFO, even TXFIFO becomes empty, ECSPI _TXDATA keeps shift 
out the last word data.

Generally, a TXFIFO issue is that TXDATA outputs invalid data when TXFIFO is empty.

The workaround in ECSPI driver is that the ECSPI controller is disabled after every data transfer.

Code:

In function spi_imx_pio_transfer_slave() in spi-imx.c:

static int spi_imx_pio_transfer_slave(struct spi_device *spi,
                      struct spi_transfer *transfer)
{
    … …
    /* ecspi has a HW issue when works in Slave mode,
     * after 64 words writtern to TXFIFO, even TXFIFO becomes empty,
     * ECSPI_TXDATA keeps shift out the last word data,
     * so we have to disable ECSPI when in slave mode after the
     * transfer completes
     */
    if (spi_imx->devtype_data->disable)
        spi_imx->devtype_data->disable(spi_imx);
    … …
}

In driver and user space, this limitation has the following effects:

• When acting as slave, the TXFIFO must not be empty.

• As the controller is disabled and then enabled, to ensure that the slave is ready for receiving data, an interval is needed in 
master side between two transfers.

3.2.2 Set SPI burst size to transfer size in slave mode
In i.MX 8M Dual/8M QuadLite/8M Quad Applications Processors Reference Manual (document IMX8MDQLQRM), 
ECSPI_CONFIGREG[SS_CTL] has the following description:
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From the description, when acting as slave, the burst size must be set exactly to the size of the transfer. As the maximum burst 
length is 2^12 bits, it limits SPI transaction size to maximum 2^12.

In code, we have the following macro in spi-imx.c:

/* The maximum bytes that IMX53_ECSPI can transfer in slave mode.*/
#define MX53_MAX_TRANSFER_BYTES 512
static int spi_imx_pio_transfer_slave(struct spi_device *spi,
                      struct spi_transfer *transfer)
{
    … …
    if ((is_imx51_ecspi(spi_imx) || is_imx53_ecspi(spi_imx)) &&
        transfer->len > MX53_MAX_TRANSFER_BYTES) {
        dev_err(&spi->dev, "Transaction too big, max size is %d bytes\n",
            MX53_MAX_TRANSFER_BYTES);
        return -EMSGSIZE;
    }
    … …
}

This limitation has the following effects on driver:

1. In slave mode, DMA can’t be used. Instead, only PIO mode can be used. It is based on the following considerations:

a. To use DMA mode, the burst size must be 4-byte aligned.

b. The ECSPI driver must support unaligned transfer size.

2. The burst size must be set to transfer size in PIO mode. But maximum burst size is 2^12 = 512 bytes. So ECSPI driver 
can transfer maximum 512 bytes in a PIO transfer.

 
From testing, it seems no such transfer length restriction must be added in DMA mode. So only PIO mode has 
this restriction.

  NOTE  

3.2.3 External master restrictions
As a result of hardware limitations in ECSPI, there come some restrictions on master.

3.2.3.1 Insert intervals between data transfers at master side

As described in TXFIFO issue in slave mode, an interval is needed at master side between two transfers to ensure that the slave 
is ready for receiving data.

3.2.3.2 SS signal control methods

Generally, there are two methods on SS signal control from master:

1. SS signal kept active during whole data transfer.

Figure 2. SS kept active waveform

2. SS signal get deasserted between transfer words.
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Figure 3. SS get deasserted between 8-bit data words

We fully support method 1 and partly support method 2 (only 32-bit).

 
In ECSPI driver, The SS control method is controlled by defining cs-gpios in dts node.

  NOTE  

&ecspi2 {
  … …
  cs-gpios = <&gpio5 13 GPIO_ACTIVE_LOW>;
  … …
};            

Code Listing 1.

When cs-gpios property is defined, it means that the SS pin will be muxed as a GPIO port and the driver code will control its signal 
level. In this way, SS signal will be kept active during data transfer. This is the default solution that is provided in our BSP.

Otherwise, if cs-gpios property is not defined, SS signal will get deasserted between words.

4 ECSPI slave in default release

4.1 DTS changes to support ECSPI slave
Before making DTS changes to support ECSPI slave, make sure that the slave DTS does not exist.

Some i.MX8M platforms provide ECSPI slave DTS file in release, for example, imx8mn-evk-ecspi-slave.dts or imx8mm-evk-ecspi­
slave.dts.

4.1.1 DTS node for ECSPI slave
To add an ECSPI slave node, see below as reference:

imx8mm-evk-ecspi-slave.dts:

#include "imx8mm-evk.dts"

/delete-node/&spidev0;

&ecspi2 {
        #address-cells = <0>;
        /delete-property/cs-gpios;
        spi-slave;
};

&pinctrl_ecspi2_cs {
        fsl,pins = <
                MX8MM_IOMUXC_ECSPI2_SS0_ECSPI2_SS0              0x82
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        >;
};

4.1.2 Performance of ECSPI slave in default release
For slave performance test result, see Slave PIO performance.

The performance of slave is obviously very poor.

In default BSP release, the recommended SCLK for SPI slave mode is <= 1 M and the transfer interval in master is 5 ms.

5 How to improve ECSPI slave performance
This chapter describes methods to improve ECSPI slave performance.

5.1 Increase transfer speed
An obvious way to improve performance is increasing transfer speed, such as, increasing transfer clock (SCLK).

But when SCL is increased, issues come out.

5.1.1 Issues in high transfer speed
Generally, we can see two issues in high transfer speed.

• Bit shift.

• Data lost.

5.1.1.1 Bit shift

Bit shift means that bits within 1 byte are shifted.

For example:

Master Send:   FF FF FF 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F 10
Slave Receive: 04 0A 18 38 80 21 06 0E 78 01 4C A0 51 C2 E3 03

In the example, first three 0xFF are missed, 0x05 left shifts 1 bit to 0x0A, 0x06 left shifts 1 bit to 0x38, and so on.

5.1.1.2 Data lost by byte

Data lost means that the data bytes sent by master are lost.

For example:

Master Send:   FF FF FF 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F 10
Slave Receive: 04 0A 18 38 80 21 06 0E 78 01 4C A0 51 C2 E3 03

In the example, first three 0xFF are lost.

5.1.2 Solutions for issues in high transfer speed

5.1.2.1 Use good and short cables

When using higher SCLK, good and short cables are required.

Long cables bring in interferences on CLK and MOSI when SCLK increases and result in bit-shift issue.

We recommend using cables within 8 cm, as short as possible, with good quality.
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5.1.2.2 Use DMA instead of PIO

DMA control provides another method to utilize the FIFOs in the ECSPI. By using DMA request and acknowledge signals, larger 
amounts of data can be transferred and reduce interrupts and host processor loading.

In PIO mode, data is shifted out of shift register bit by bit. But in DMA mode, data is shifted out word by word. So, using DMA mode 
largely improves performance and avoids bit shift issue.

For details, see Use DMA instead of PIO.

5.1.2.3 Increase ECSPI root clock

Theoretically, the sampling frequency must be greater than twice the bandwidth of the signal being sampled.

When trying to increase SCLK, pay attention to ECSPI working clock and make it greater than twice of SCLK.

And vice versa, increasing ECSPI root clock can have benefits on sampled data.

5.2 Use DMA instead of PIO
As a result of ECSPI hardware limitations (see Set SPI burst size to transfer size in slave mode), the kernel driver of ECSPI slave 
does not use DMA.

To ensure data stable and higher SCLK, enable DMA in slave mode.

The ECSPI slave DMA patch is pushed in latest i.MX releases. If it is not, find the patch in AN13633SW.

5.2.1 Enable DMA in ECSPI slave
In current i.MX release, the DMA node is added in <soc>.dtsi.

For example, in arch/arm64/boot/dts/freescale/imx8mm.dtsi:

ecspi1: spi@30820000 {
                compatible = "fsl,imx8mm-ecspi", "fsl,imx51-ecspi";
                #address-cells = <1>;
                #size-cells = <0>;
                reg = <0x30820000 0x10000>;
                interrupts = <GIC_SPI 31 IRQ_TYPE_LEVEL_HIGH>;
                clocks = <&clk IMX8MM_CLK_ECSPI1_ROOT>,
                     <&clk IMX8MM_CLK_ECSPI1_ROOT>;
                clock-names = "ipg", "per";
                dmas = <&sdma1 0 7 1>, <&sdma1 1 7 2>;
                dma-names = "rx", "tx";
                status = "disabled";
            };

So, users only need to add a slave node. See DTS changes to support ECSPI slave.

5.2.2 ECSPI Slave DMA patch limitations
As described in Set SPI burst size to transfer size in slave mode, the result that DMA can’t be used in ECSPI slave mode is that 
the driver must support unaligned transfer size, this DMA patch only support 4-byte aligned transfer size.

For unaligned transfer size, PIO is still used.

Take care of the transfer size and make it 4-byte aligned.

5.2.3 Waveform when using DMA
In ECSPI, there is a CLK IDLE interval between the transfer of 2 bytes.
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In PIO mode, MISO is kept LOW when CLK is in IDLE. When DMA is enabled in transmission, the MISO might stay in HIGH when 
CLK is in IDLE.

Figure 4. MISO

From description of ECSPI in datasheet, when SS is active, there is no requirement on MISO signal level.
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Figure 5. SPI master mode timing (CPHA = 0)

So this is not an issue here. ECSPI is able to guarantee that the data is sampled correctly.

5.2.4 Byte order for DMA copy
From i.MX 8M Dual/8M QuadLite/8M Quad Applications Processors Reference Manual (document IMX8MDQLQRM):

As ECSPI does not support byte reordering in hardware, when using DMA, driver code re-orders bytes when data width is 8 or 16.

See function spi_imx_dma_transfer_convert_8 and spi_imx_dma_transfer_convert_16 in spi-imx.c.

So 32-bit data width, as it doesn’t need any byte re-ordering, has a better performance.

5.2.5 Choose appropriate transfer size for DMA copy
When DMA is enabled in slave, the total transfer size can affect the speed.

The reason is that:

1. As DMA can only move data word by word. The data length copied by DMA each time must be 4 bytes aligned, such 
as, 4, 8, 12, 128. The more data can be copied, the better performance it is.

2. As a result of 1, the total transfer size should be taken care of. If it is (4 * 32 = 128) bytes aligned, DMA copy can reach 
best performance. For example, the total transfer size is 512. Or, if it is only 4 bytes aligned, DMA can only copy 4 bytes 
each time. The DMA performance is the worst. For example, total transfer is 73 * 4 = 292.
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This logic is inside spi-imx.c driver code, function spi_imx_dma_transfer():

static int spi_imx_dma_transfer(struct spi_imx_data *spi_imx,
                struct spi_transfer *transfer)
{
    … …
    /* Get the right burst length from the last sg to ensure no tail data */
    bytes_per_word = spi_imx_bytes_per_word(spi_imx->bits_per_word);
    for (i = spi_imx->devtype_data->fifo_size / 2; i > 0; i--) {
        if (!(sg_dma_len(last_sg) % (i * bytes_per_word)))
            break;
    }
    … …
}

In the code snippet, sg_dma_len(last_sg) is total transfer size, bytes_per_word is 4, and i presents number of words that DMA 
can copy each time.

In our tests, to ensure 8 MHz SCLK, make sure that i is larger than 2. It means that at least 8 bytes are copied by DMA each time.

Generally, the DMA mode is the most recommended way to improve the performance.

5.3 Reduce interval between two master transfer
From description of ECSPI driver in Linux, when acting as slave, the ECSPI controller must be disabled and re-enabled between 
two transfers.

The recommendation interval from RD is 5 ms, which is too long.

So how the master TX interval is comprised and how we reduce this interval.

5.3.1 How the master TX interval is comprised
The interval makes sure that slave is ready to receive data.

Generally, it is composed of two durations:

1. The duration of resetting ECSPI. Disabling ECSPI => enabling ECSPI => Ready to receive data in slave device.

2. The duration of sending data. Data copied from user space => kernel space => sent by driver

5.3.2 How to estimate the minimum interval
There are two ways to estimate the interval:

• Use test program to do stress tests on an interval and check the error rate.

• Force master to send data continuously and use an oscilloscope to observe the duration of sending data. Then Add the 
duration with 100 μs as minimum interval.

In our testing, ~1 ms interval is recommended. From the feedback of customer, 800 μs is also OK.

5.4 Bind ECSPI interrupt to another core
ECSPI driver uses interrupt to TX/RX data. By default, kernel binds all interrupts to core0. For high loading context, if the ECSPI 
interrupts are not processed in time, it causes data loss.

In this situation, bind ECSPI interrupt to other cores.

Steps:
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1. Check interrupts and find ECSPI interrupt number. cat /proc/interrupts | grep -e “spi”

cat /proc/interrupts | grep -e “spi”
                    CPU0       CPU1       CPU2       CPU3
                    34:          0          0          0          0     GICv3  64 Level     
30830000.spi
                    46:          6          0          0          0     GICv3 139 Level     
30bb0000.spi
                

Here the IRQ numbers of SPI are 34 and 46.

2. Bind ECSPI interrupt to other core. See https://access.redhat.com/documentation/en-us/red_hat_enterprise_linux/6/
html/performance_tuning_guide/s-cpu-irq

 
This method is optional. It is mainly for high loading system with high frequency interrupts. It depends on the context 
in your system.

In our test, this method didn’t show any improvement.

  NOTE  

5.5 Apply PREEMPY-RT patches
As Linux is not a real-time OS, the real-time performance can’t be guaranteed.

For SPI slave, the real-time performance is a key in data transfer. So we can consider applying PREEMPY-RT patches, which 
intend to make Linux a Real-Time OS.

But in our test, Real-Time Linux doesn’t show any improvement here.

For details about PREEMPY-RT patches, see https://wiki.linuxfoundation.org/realtime/documentation/howto/
applications/preemptrt_setup.

6 Performance test result
This chapter lists the test results.

6.1 Test application
In the test, we used two applications.

1. Default spidev_test.

The default spidev_test program is provided in kernel, located at tools/spi/.

2. Modified spidev_test.

Besides 1, we provide another spidev_test in AN13633SW.

This spidev_test program provides:

a. Add -t parameter to do stress test.

b. Add -V parameter to add an interval in us between transfers (master only).

c. Use -I parameter to do loop transferring on data (master and slave).

d. Add -A parameter to define amount of data that is sent/received each time (master and slave, used to test 
transfer size).

e. Do validation on received data.

Example:

• Master sends: ./spidev_test -D /dev/spidev1.0 -b 16 -s 8000000 -t -V 1000 -I 100000 -A 336
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• Slave receives: ./spidev_test -D /dev/spidev1.0 -b 16 -t -I 100000 -A 336

 
Master and slave must use the same -t, -b, -I, and -A parameters.

  NOTE  

6.2 Slave PIO performance
Table 2. Slave PIO performance

SPI CLK (Hz)
Error rate @ different interval time

1500 μs 800 μs 400 μs

500 K 0.008 % 1.744 % Can’t run

1 M 0.000 % 5.984 % Can’t run

4 M 10.124 % 1.317 % 0.166 %

8 M 7.510 % 0.431 % Can’t run

6.3 Slave DMA performance
Table 3. Slave DMA performance

SPI CLK (Hz)
Error rate @ different interval time

1500 μs 1000 μs 800 μs 400 μs 200 μs

8 M 0.0 % 0.001 % 0.001 % 2 % 42.016 %

 
1. From the feedback of customer, the result of 10 MHz SCLK is similar to 8 MHz. Higher frequency (> 10 MHz) 

is not recommended.

2. Most tests are on 8 MHz SCLK. Frequencies under 8 MHz have similar results.

  NOTE  

7 Receive more data to improve performance
As described above, the speed and stability can be improved a lot on ECSPI slave.

But what else, is there any other way to improve the performance?

Yes, the answer is yes. But it also depends on your requirements.

7.1 Check RX requirements in slave
As discussed in TXFIFO issue in slave mode, there is a limitation in TXFIFO when acting as slave. So we must disable ECSPI 
controller after every transfer.

Considering the following conditions:

1. Re-enabling ECSPI controller takes some time.

2. In kernel, data copying from/to user space to/from kernel driver also takes some time.

3. In our testing, 1+2 takes a ~1ms interval between each data transfer.
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4. The maximum transfer length in a transfer is maximum burst length, which is 512 bytes. It means when transferring 
large amount of data, to avoid TXFIFO issue, we can only transfer maximum 512 bytes each time.

If ignoring the TXFIFO issue, we can transfer more data (> 512 bytes) each time. When this way is accepted, we can also reduce 
transfer interval and hence improve the performance.

In this way, slave works in a half-duplex way.

7.2 Receive more data (> 512 bytes) each time
When receiving more data (> 512 bytes) each time, TX from slave contains unnecessary data when TXFIFO is empty. See 
Figure 6.

Figure 6. Receiving more data

But master should be able to transfer more data now.

In this case, we recommend performing TX/RX separately, which seems like half-duplex.

 
In spidev driver code, drivers/spi/spidev.c, the maximum data size that driver can hold is 4096 bytes. It 
is hardcoded in code:

static unsigned bufsiz = 4096;

  NOTE  

To receive more data from master at one time, enlarge this const value.
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7.3 Test result on transfer size
Table 4. Test result

8 M SCLK, Master transfers at 1 ms interval

Bytes sent from master Result Comments

<= 5000 Bytes PASS Tested 1800 times, all passed.

>5000 Bytes and < 8000 Bytes FAIL Not failed each time.

>= 8000 Bytes FAIL Failed each time.

8 Software package description
A software package is attached with this application note. Table 5 describes the files in the package.

Table 5. Software package

Filename Description Comments

0001-Add-dma-support-to-ecspi-slave­
for-5.4.70-kernel.patch

ECSPI spi-imx slave DMA patch. Based on kernel 
version: imx_5.4.70_2.3.0

spi-imx.c ECSPI driver file with DMA slave code. Based on kernel 
version: imx_5.4.70_2.3.0

spidev_test.c Modified spidev_test.c. Based on kernel 
version: imx_5.4.70_2.3.0

imx8mn-evk-ecspi-slave.dts ECSPI slave dts file. Based on kernel 
version: imx_5.4.70_2.3.0

9 Reference
• i.MX 8M Dual/8M QuadLite/8M Quad Applications Processors Reference Manual (document IMX8MDQLQRM)

10 Revision history

Rev. Date Description

0 07 May 2022 Initial release
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