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CE56273 — SPI With DMA

in PSoC® 3/PSoC 5

CE56273

Associated Part Families: CYBC38xx/CY8C55xx
Software: PSoC® Creator™

Related Hardware: CY8CKIT-001

Author: AnuM D

Objective
This code example demonstrates how to transmit data from a buffer through SPI using the DMA in PSoC®3/PSoC 5.

Overview

This code example explains how a master write and slave read is done using the DMA. The SPI transmission occurs on every
switch press. RTC data stored in a memory buffer is transmitted through SPI using one DMA channel. Another DMA channel
moves SPI data received by the slave onto a memory buffer. Both the master buffer and slave buffer data are displayed on the
LCD.

This code example demonstrates the procedure of SPI data write using the DMA. For data read, the DMA configuration must
be modified accordingly.

Component List

Instance Name Component Name Component Category Comments
e it ) component 0 otk the 32
SPIM SPI_Master Communications SPI master configured for 2 Mbps, Mode 00 transfer
SPIS SPI_Slave Communications SPI slave having Mode 00 transfer
DMA_Tx DMA System Default configuration
DMA_Rx DMA System Default configuration
LCD Character LCD Display Default configuration
ISR_Switch Interrupt System Default configuration
Pin_Switch Digital Input Pin Ports and pins ﬁ?:::g;tri;hfi;ﬂ%a;g?m with resistive pull-up and enable
SCLK_M Digital Output Pin Ports and pins Default configuration
SCLK_S Digital Output Pin Ports and pins Default configuration
MOSI_M Digital Output Pin Ports and pins Default configuration
MOSI_S Digital Input Pin Ports and pins Default configuration
MISO_M Digital Input Pin Ports and pins Default configuration
MISO_S Digital Output Pin Ports and pins Default configuration
SS M Digital Output Pin Ports and pins Default configuration
SS_S Digital Input Pin Ports and pins Default configuration
ZeroTerminal_1 Logic Low Digital > Logic
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The code example schematic is split across two sections — Transmit and Receive. The schematic for both of the sections is as

follows.

Transmit

Only when Switch is pressed, SPIM TX interrupt line is
enabled.

Pin_Switch
[ Pins |

—==]I5R_5witch

The Tx buffer of 3P| master is updated with RTC data using DMA_Tx

SPIM
SPI Mastar

RTC [[DMA ] selk
—drg nrgle 88 p—-t-fuu] Pin_S5_M

[T} reset
DMA_Tx is triggered when m_interruptis)
SPIM Tx FIFO is empty bx_interrupti-

Ebit

To Receive
section on next
page

RTC DMA_Tx Fin_MISO_M =] +—miso  moslf—+ 5 Pin_MOSI_M
] Pin_SCLK_M

Receive

Slave recieves the RTC data send by the master
and stores it in memeory using DMA_Rx

SPIS

SPI Slave

Pin_MQOSI_S [=—+~—mosi miso—-—f=| Pin_MISO_S

Pin_SCLK_S [ +sclk

Pin_SS_S [—+—ss DMA_Rx

Clock[fil—clock DMA

4 Wiz —drg nrgfs

[0 }reset ™

rx_interrupt—

tx_interrupt}s]
Thit

From Transmit section on
previous page

S

LCD second row as shown below.
Character LCD|

hour:minute:second month/date

rxdata3:rxdata2:rxdatal rxdatad/rxdata3

LCD to display RTC data on the first row and the slave recieve data on the
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This pin configuration in the .cydwr file is as follows:
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Aliaz

Mame

Pin_SCIK_§
Pin MOSI_M
Pin_S5_3

Pin MOSI_S

P5[7]
r4[E]
PE[4]

P5[E]

A LCD: LEDForth [6:0] | PE[6:0]

Pin Switch
Pin MISD M
Tin SCIE M
Pin_MISO_S

Pin_ S5 M

Component Configuration

Configure "SPI1_Master" E] Configure "SPI1_Master"
Name:  [5PIM | Wl wame:  [5PIM |
_/m Advanced | Built-in 4 b Caonfigure ./~ Advanced ] Built-in 4 b
Clock Selection:
ss ’_ @) Intemal Clack () Estemnal Clock
SCLK l_
wos1 Yo7 J oo o5 o0 oo vz )0 MEEm :
RN T N S O ) S S XSzt | J
Gample T Bulfer Size (bytes): |4 3
Mode: Mode 0 [ Inbermipts:
Data Lines: MDSI “MISD | [] Enable T Internal Interrupt [] Enable B3 Intemal Intermupt
D ata Bits: _ Shift Direction: | M5B First “ [ Interrupt On SPI Done [ Interrupt On R FIFOD Full
Bit R ate: |2 E | |Mbit.fs v| Interrupt On Tx FIFO Empty [ Interrupt On R FIFD Mot Empty

rirz]
F4[E]
P4[7]
P5[5]

r4r4]

Fin

,_
o
o
=

W

v
v
v M
v

<

<

<

] Intenupt On T FIFO Nt Full [ Interrupt O R FIFO Overun
[ Interupt On Eyte Transfer Complete

v

[owes ] f| Coveon

The SPIM is configured to transfer at the rate of 2 Mbps with mode 0.

Enable Interrupt on Tx FIFO Empty so that the Interrupt line can be used as a trigger for a DMA_Tx transaction. RX and TX
Buffer sizes are set to 4. That makes use of the FIFO buffer in Universal Digital Block (UDB), which is used for implementing
SPI. If the buffer size is kept greater than 4, the buffer is implemented in SRAM. There is no need to enable Internal RX and
TX Interrupts; those are required to pump data in and out of the SRAM buffer, which is created only when buffer size is greater
than 4. This eliminates the CPU overhead during SPI data transfers.
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157

[ Enable B Intemal Interrupt

[ Internupt On R FIFD Empty
Interrupt On B FIFO Mot Empty
[] Interpt On A FIFD Overrun
[ Internupt On A FIFO Full

v
Cancel

The SPI slave is configured for the same Mode 0, Data bits, and Shift Direction, as the SPI master. Interrupt on RX FIFO Not
Empty is enabled so that the interrupt line goes high when a byte is received from the SPI master. This acts as the trigger for
DMA_Rx to move data from the SPI slave Rx FIFO to the slaveRxData buffer.

Configure "SPI_Slave' Configure ‘SPI_Slave*
Name:  [SPIS | N wame: [sPiS
" Configure | Advanced |~ Buil-in 4 b Configure . Advanced ] Builk-in
Clock 5 election:
S8 l_ ) Internal Clock (%) Enternal Clock
SCLK
oo o {0 o s Y o0 [0 et
S 0 S 8 8 S S S P Sy
Sample T Buffer Size (bytes |4
hade: Intermupts:
DataLines: MDSI TMS0 v [ Enable T Intemal Interrupt
D ata Bits: _ Shift Direction: | MSB First v [ Interupt On 5P Done
BitFlate: 72 fnpuf Clock Frequency [ Interupt On T3 FIFD Nat Full
[1 Intermpt On T¥ FIFD Emply
[ Interupt On Byte Transter Complete
[[] Enable Multi-Slave mode
o[ | o]

Apply

Note: The SPIS component uses two clocks. The implementation is clocked from the SCLK input signal, and a second clock
is used to report status information. The component properly handles the crossing between these two clock domains, but the
static timing analyzer warns about signals crossing between these two clocks. It is safe to ignore all asynchronous clock
warnings where the source clock is the SCLK pin. Do not ignore timing violations or other asynchronous clocking messages.
The static timing analyzer will be improved in future releases to recognize these conditions and suppress the errant warnings.

Design Wide Resources

Clocks

To use the RTC component, you must enable the external crystal. Select the checkbox to enable the 32-kHz XTAL option in
the clock tree.

Configure System Clocks

3UEIU MHz

() Digital Signal

AL

T
T T
AR
B
IMO[B000MHL | [PLL_OUT [24.000 MHz) |
) Freq (%) Divider
o lujm i 24 MHz v
24.000 MHz 1
gl <
Lo B 2N l
z
O I KkHz ) Freq (&) Divider
O 100kHz
v v
MO LD XTAL32kH=z HTAL PLL_OUT MASTER_CLE BUS_CLE (CPU)
0K ] I Cancel
The code example uses the default configuration for all other resources.
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Operation

The aim of this code example is to transmit six bytes of RTC data containing information about seconds, minutes, hours, day
of month, month, and year to the SPI master (SPIM) Tx buffer using a DMA (DMA_Tx). The DMA is triggered for each byte
transfer using the SPIM interrupt line that is set active when the SPIM Tx FIFO is empty. As the DMA loads the data into the
SPIM TX buffer, the interrupt line becomes inactive. When the TX buffer becomes empty after the SPIM data transfer, it
activates the TX interrupt line again, triggering the DMA to transfer one more byte into the TX buffer. This repeats for six bytes.
After six bytes transfers from SPIM, the next request to the DMA triggers a new transaction that disables the SPIM TX interrupt
line, stopping further requests from the SPIM.

This interrupt is enabled again in the ISR: ISR_Switch is called on switch press. To disable and enable the SPIM TX interrupt
line, the TX status mask register SPIM_TX_STATUS_MASK_REG is updated. Writing 1 into this register enables the interrupt
and writing O disables the interrupt. Note that this interrupt line is connected to the DMA request line and it does not interrupt
the CPU.

The SPI slave (SPIS) receives the RTC data. For each byte received, the DMA_RXx transfers the data from the SPIS to the
memory buffer slaveRxData. This received data and the transmitted data are displayed on the LCD.

Configuring the DMAs

DMA_tx used on the SPIM side has two functions:

1. Transfer six bytes to SPIM TX buffer.
2. Disable the SPIM TX interrupt. This is done after six bytes are transferred.

To implement these two functions, two Transaction Descriptors are allocated. Each byte transfer is done on a SPIM TX
interrupt.

The following table shows the APIs used to configure DMA_tx.

API Configuration
DMA_Tx_Dmalnitialize() Burst size is set to 1 byte and to transfer each burst separate request is required
CyDmaTdAllocate() Two TDs are allocated, ‘TD_tx to transfer six bytes and ‘TD_InterruptControl’ to disable the interrupt

Source address is set to RTC data buffer ‘RTC_buffer’, and destination is set to ‘SPIM TX' buffer.

CyDMATdSetAddress() for TD_X | igp)\ TxDATA_PTR' is the pointer to the TX buffer.

CyDMATdSetAddress() for Source address is set to local variable ‘InterruptControl’ that holds data to disable ‘SPIM TX’ interrupt.
TD_lInterruptControl Destination address set to ‘SPIM_TX_STATUS_MASK_REG’ that controls the ‘SPIM TX’ interrupt.
CyDmaTdSetConfiguration() for Transfer count is set to 6. Next TD is set to ‘TD_InterruptControl’ and source address is automatically
TD_tx incremented after each byte transfer.

CyDmaTdSetConfiguration() for

TD_InterruptControl Transfer count is set to 1. Next TD is set to ‘TD_tx'.

CyDmaChSetRequest() CPU_TERM_CHAIN is passed as an argument to this API that clears the pending interrupts.

CyDmaChEnable() Enables the DMA for executing transactions

DMA_Rx used on the SPIS side transfers the received bytes to SRAM array. A single TD is allocated to this DMA.

The following table shows the APIs used to configure DMA_rx.

API Configuration
DMA_Tx_Dmalnitialize() Burst size is set to 1 byte and to transfer each burst separate request is required
CyDmaTdAllocate() Single TD is allocated. Handle is stored in ‘TD_rx’
_CI%DrMXATdSetAddress() for Source address is set to ‘SPIS RX’ buffer and destination address is set to array ‘slaveRxData’
CyDmaTdSetConfiguration() for | Transfer count is set to 6 bytes. Destination address is made to increment automatically for each byte
TD_rx transfer to point to next array location. Source address is same for all six bytes transfer.
CyDmaChEnable() Enables the DMA_rx

For a detailed description of the DMA and APIs, refer to Using DMA in PSoC - AN52705. For details of the SPI master, slave
components, and RTC, refer to the component datasheets.
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Hardware Connections

This code example can be tested on the CY8CKIT-001 development board. Make the following connections on the board to
make the code example work:

®  Connect P4[5] (SPI Master MISO) to P5[5] (SPI Slave MISO).

®  Connect P4[6] (SPI Master MOSI) to P5[6] (SPI Slave MOSI).

B Connect P4[4] (SPI Master SS) to P5[4] (SPI Slave SS).

®  Connect P4[7] (SPI Master SCLK) to P5[7] (SPI Slave SCLK).

®  Connect P1[2] to switch SW1.

®  Put the LCD module on P18. Refer to the PSoC Development Kit Board Guide for the jumper settings.
®  Make sure that LCD power is turned on (J12).

®  Make sure that your processor module has a 32-kHz crystal (in the backside of the PCB) so that the RTC will work.

Output

®  Use the device selector window (Project > Device Selector) in PSoC Creator™ to select the appropriate device and
device revision.

®  If you are using a PSoC 3 device (for example, CY8C3866AXI-040) with production revision, then use the following

selection.
Devices [ Motices | Log 4B
|E_§| po} 18 Columns Hidden

&
i

CYEC38EEAXAD3T | 7 PSoC3[8051)) Automotive | E7| B4 g 2048 4 M 1| 16 mf 1= 20-bit Delta Sigma 4
CY8C38668XA040 | 7 PSoC3[8051)) Automotive | 67| B4 8| 2048 4 1| 16 e{:f 1x 20-bit Delta Sigma 4
CYEC38EEAXA-D54 | 7 PSoC3[8051)) Automotive | E7| B4 g 2048 4 M 1 - mf 1= 20-bit Delta Sigma 4
CYEC38E6aKA055 | 7 PSoC3[8051)) Automotive | 67 64 o) 2048 4] 24 1 - :\f 1w 20-bit D elta Sigma 4
CvBC38EEAX-033 ? PSaC3 [8051) Industrial | B7| 64 g 2048 4 M 1 - mf 1= 20-bit Delta Sigma 4
CvBC38664-1-035 ? PSaC3 [8051) Industrial | 67| 64 g 2043 4] 24 1| 16 z\f 1w 20+bit D elta Sigma 4
CvBC38EERAX-038 ? PSaC3 [8051) Industrial | B7| 64 g 2048 4 M 1| «1E mf 1= 20-bit Delta Sigma 4
CvBC38664-1-039 ? PSaC3 [8051) Industrial | 67| 64 g 2043 4] 24 1| 16 z\f 1w 20+bit D elta Sigma 4l =
CvBC38664-]-054 ? PSaC3 [8051) Industrial | 67| 64 g 2048 4] 24 1 - @f 1= 20-bit Dela Sigma 4
CvBC3866A]-055 ? PSaC3 [(8051) Industrial | 67| 64 8| 2048 4 M 1 - mf 1= 20-bit D elta Sigma 4
CvBC386ELTI-020 ? PSaC3 [8051) Industrial | 67| 64 g 2048 4] 24 1 - @f 1= 20-bit Dela Sigma 4
CvBC3IBEELTI-023 ? PSoC3 [8051) Industrial | 67| 64 8| 2048 4 M 1 - mf 1x 20-bit D elta Sigma 4
< ' | 3
347 of 347 devices found | Clear Filkers Device Revisions:| | PRODUCTION |~

Start Auto Select

Similarly, select the appropriate device number to work with the PSoC 5 Device family (for example, CY8C5588AXI-060).

Note For engineering samples, the device revision is marked on the package as part of the device number. Production
silicon will not have an ES marking.
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®  Build the project and program the PSoC 3 device.

CE56273

B Observe the LCD Display: The first row displays the RTC_buffer (Hr:Min:Sec Month/Date) data, and the second row

displays the slaveRxData that is initially O.

®  Press SW1 to transmit RTC_buffer data to the SPI slave. Notice that the slaveRxData displayed on the second row of the
LCD now has the same value as RTC_buffer when the switch is pressed.

A sample LCD display output is as follows.

SW1 pressed

SW1 not pressed

9:12:6
9:12:6

5/25
5/25

9:12:8
9:12:6

5/25
5/25
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