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Objective

This example demonstrates how to use DMA to combine data from multiple inputs and store it in a memory array on a PSoC®6
MCU device.

Overview

This example demonstrates the use of multiple concatenated DMA channels to manipulate memory, with no CPU usage. The
incoming data from the UART is packed into 5-byte packets and stored in a memory array, along with a timestamp from the
RTC. When four packets of data are stored, they are echoed back to the UART using DMA.

Requirements

Tool: PSoC Creator™ 4.2

Programming Language: C (ARM® GCC 5.4-2016-g2-update)
Associated Parts: All PSoC 6 parts

Related Hardware: CY8CKIT-062 BLE

Design

This code example uses three DMA channels, a UART, and an RTC to timestamp incoming data and store it in a memory array.
Figure 1 shows the PSoC Creator schematic for this project.

The RTC is configured with a start date of March 30" 2017, at 12:00 pm, and will generate an interrupt every second to update
the RTC buffer. As a result, the buffer always contains a timestamp string in the following format: “\r\nhh:mm:ss mm/dd/yy “.

The RxDma Component configures two descriptors to concatenate the data from the RTC and the UART. The first descriptor
copies the RTC timestamp when the first byte in the UART arrives in the data buffer. Afterwards, the DMA channel switches to
the second descriptor, which moves the incoming data from the UART into the same buffer. After five bytes of data, the descriptor
chain resets and the MemoryDma descriptor is triggered.

To handle 2D arrays, the MemoryDma descriptor implements an X and Y loop. The X loop determines the number of bytes
moved in each Y loop. The Y loop manages the destination address. An X loop is performed every time the MemoryDma is
triggered, moving a complete data buffer (time stamp plus data) into the memory array. The Y loop is configured to be four X
loops. When complete, the descriptor is reset and the TxDma descriptor is enabled.

The TxDma descriptor also implements an X and Y loop to read the memory array. It sends the entire memory array to the
UART. The TxDma is triggered by the UART-TX-FIFO-is-empty signal until the Y loop has been completed. Afterwards, it is
disabled and must be enabled again by the MemoryDma.

The UART is configured to trigger the RxDma process every time data is received, and to continuously trigger the TxDma when
there is no data in the TX FIFO buffer. The interrupts are configured to show FIFO overflows, going into an infinite loop within
the interrupt service routine.
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Figure 1. Project Schematic
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Figure 2 shows the firmware flow of the code example. After a reset, CMO+ must activate the CM4 core. The CM4 core then
initializes the peripherals and handles the interrupts. The code example requires almost no CPU usage.

Figure 2. Firmware Flowchart
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Design Considerations

This code example runs on CY8CKIT-062-BLE, which has a PSoC 63 MCU device. To port the design to other PSoC 6 MCU
devices and kits, change the target device using PSoC Creator Project > Device Selector, and pin assignments in the Design
Wide Resources window.

The software configuration of the DMA and RTC Components is in the respective Configure___ functions. This code can be
easily copied, with a few modifications, into other designs to get RTC and DMA functionality.
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Hardware Setup

No special hardware setup is required for CYSCKIT-062-BLE.
Leave the switches and jumpers in their default positions. Default positions of relevant switches are as shown in Table 1.
Table 1. Switch Selection

Switch / Jumper Position
SW5 3.3V

SW6 PSoC 6 BLE
SW7 VDDD / KitProg2

Software Setup

Macro values can be changed to modify the starting date of the RTC and the size of the buffers. These macros are in the
main_cm4.c file.

The RTC buffer stores a string with the current time using the following format: “\r\nhh:mm:ss mm/dd/yy ”. To change the size of
the RTC buffer, change the RTC_BUFFER_SIZE macro. The value should reflect the size of the new format. If changed, the
Number of data elements to transfer value within the X loop settings of the RxDma Descriptor 1, MemoryDma, and TxDma
must be updated accordingly.

To change the packet size of the incoming UART data, change the value of the PACKET_SIZE macro. The Number of data
elements to transfer value within the X loop settings of the RxDma Descriptor 2, MemoryDma, and TxDma must be updated
as RTC_BUFFER_SIZE + PACKET_SIZE.

When changing the number of memory buffers in the array, the value of the Number of data elements to transfer within the Y
loop settings of the TxDma and MemoryDma components must be updated accordingly.

/* Defines for starting date */

#define START SEC (Ou) /* Value must be in range 0-59 */
#define START MIN (Ou) /* Value must be in range 0-59 */
#define START HOUR (12u) /* Value must be in range 0-59 */
#define START DAY (30u) /* Value must be in range 1-31 */
#define START MONTH (3u) /* Value must be in range 1-12 */
#define START YEAR (17u) /* Value must be in range 0-99 */

/* Defines for RTC Buffer Size */

#define RTC_BUFFER SIZE (20u)

/* Defines for Buffer Size */

#define PACKET SIZE (5u)
#define CON_BUFFER_ SIZE (PACKET_SIZE + RTC BUFFER SIZE)
#define MAX LOG (4u) /* Number of memory buffers in the array */
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Operation

Plug in the kit to your computer using the USB cable provided.

2. Build the project and program it into the PSoC 6 MCU with BLE connectivity device. For more information on device
programming, see PSoC Creator Help. The flash memory of both cores is programmed in a single program operation.

3. Open a serial port terminal and connect to the PSoC 6 MCU with BLE connectivity port (‘KitProg2 USB-UART’) with a baud
rate of 115200 bps, no parity, 1 stop bit, and 8 bits of data.

4. Press SW1/RST to reset the PSoC 6 MCU with BLE connectivity device. A message indicating the start of the code example
with instructions should appear on the terminal. At reset, the RTC time is set to March 30™, 2017, at 12:00 pm.

5. Enter a packet of 5 characters, 4 times. With the first character of each package, the time is captured. After all packets (20
characters = 4 packets) are received, they are echoed to the serial port with the related timestamp.

6. Repeat the process. Sending four additional packets results in receiving four new strings with the new timestamped data.

Figure 3 shows the operation of the code example. Local echo is enabled in the terminal to visualize the input data. The
timestamped data can be seen after inputting 4 packets.

Figure 3. Timestamped Data on the Terminal
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The sections that follow discuss the Components, parameter settings, and resources used to make the example.
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Components

Table 2 lists the PSoC Creator Components used in this example, and the hardware resources used by each.

Table 2. List of PSoC Creator Components

Component Instance Name Hardware Resources
1 Real Time Clock
RTC RTC 1 Interrupt [CM4]
UART (SCB) | UART 1SCB
RxDma
DMA MemoryDma 3 DMA Channels
TxDma
UART_INT
Sysint RX_DMA_INT 4 Interrupts [CM4]
MEMORY_DMA_INT
TX_DMA_INT

Parameter Settings

Figure 4 to Figure 12 highlight the non-default settings for each Component in this example. For more information on Component
configuration, see the individual Component datasheets.

RTC Component Configuration

Figure 4. RTC Component Configuration
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RTC interrupts are enabled to update the RTC Buffer every second. The configuration is done by the software using an RTC
alarm for the interrupt trigger. The buffer update is done in the interrupt service routine Cy_RTC_Alarmlinterrupt.
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UART Component Configuration

Figure 5. UART Component Configuration
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The RX and TX DMA triggers are enabled. The TX FIFO level is set to 1 to act as a FIFO-is-empty signal for TxDma. The RX
FIFO level is set to 0 to act as a FIFO-not-empty signal for RxDma. The overflows are selected as interrupt sources to indicate
an error in the operation, going into an infinite loop within the interrupt service routine if they are triggered.

RxDma Component Configuration
Figure 6. RxDma Component Basic Configuration
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RxDma is triggered by UART RX DMA. After its descriptor chain is completed, it triggers MemoryDma. RxDma has two
descriptors for moving data from the RTC and the UART to the concatenated data buffer. DMA can be preempted by other DMA
channels. The configuration of the source/destination addresses of the descriptors and its other parameters are done in the
ConfigureRxDma function of the software.

Figure 7. RxDma Component Descriptor 1 Configuration
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The first descriptor moves the RTC buffer to the beginning of the concatenated data buffer. The RTC buffer has a non-null
terminated 20-byte long string (“\r\nhh:mm:ss mm/dd/yy “). After the transfer is completed, descriptor 2 will be active.

Figure 8. RxDma Component Descriptor 2 Configuration
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This integer determines the destination address increment after each transfer. When this value is set to zemo, it is
equivalent to disabling the destination increment feature.

Cancel
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The second descriptor moves the data from the UART to the concatenated data buffer. The source is not incremented as the
FIFO address must not change. After the 5-byte transfer is complete, MemoryDma is triggered and an interrupt is fired. If there
was an error during the DMA transfer, the program goes into an infinite loop. If not, the descriptor chain is reset. For the interrupt
service routine, see the RxDma_Complete function.

MemoryDma Component Configuration
Figure 9. MemoryDma Component Basic Configuration
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MemoryDma is triggered after RxDma finishes its descriptor chain, meaning that the concatenated data buffer is complete. It
has a higher priority than the other DMA channels to ensure that the data in the concatenated buffer is not overwritten. The
configuration of the source/destination addresses of the descriptor and its other parameters is done in the
ConfigureMemoryDma function of the software.

Figure 10. MemoryDma Component Descriptor 1 Configuration
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This parameter sets up the data element size parameter in the descriptor.

Cancel
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The descriptor implements a 2D transfer. The X loop transfers 25 bytes of data (RTC time and user input) to the memory array
from the data buffer. Afterwards the Y loop increments the destination address by 25 bytes, allowing the next X loop to write the
next data buffer to the correct destination in the memory array. After the Y loop is completed, the MemoryDma_Complete
interrupt service routine fires, resetting the descriptor of the TxDma and enabling it. For the interrupt service routine, see the
MemoryDma_Complete function.

TxDma Component Configuration
Figure 11. TxDma Component Basic Configuration
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TxDma is continuously triggered by the UART but remains disabled until activated by the MemoryDma interrupt. The
configuration of the source/destination addresses of the descriptor and its other parameters is done in in the ConfigureTxDma

function of the software.

Figure 12. TxDma Component Descriptor 1 Configuration
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This parameter sets up the data element size parameter in the descriptor.
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The descriptor implements a 2D transfer with the X and Y loop. The X loop transfers 25 bytes of data to the UART (the time
stamp plus the received UART data). Afterwards the Y loop increments the source address by 25 bytes, allowing the next X loop
to read the next data buffer. The Y loop is configured for four X loops. The TxDma_Complete interrupt service routine prompts
the user for more data.

Design-Wide / Global Resources
Figure 13 shows the pin assignments for the CY8CKIT-062-BLE.

Figure 13. Pin Assignments for CY8CKIT-062-BLE
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P5[0] and P5[1] are the default UART pins used by the on-board KitProg2 USB-UART to communicate with the PC.
Figure 14 and Figure 15 show the system clocks configuration for using the RTC with the Watch-Crystal Oscillator.

Figure 14. Enabling of the Watch-Crystal Oscillator
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Figure 15. Configuration

of the RTC Clock
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Using the WCO for the RTC provides sufficient accuracy for this example.
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