v ® CE221121 - PSoC 6 MCU SPI Slave
w.s CYPRESS IEEENEIEECE

~g@»” EMBEDDEDIN TOMORROW™

Objective

This example demonstrates the use of PSoC® 6 MCU Serial Communication Block (SCB) Component in SPI slave mode. Four
projects show the use of Peripheral Driver Library (PDL) functions to receive data from an SPI master in different modes.

Overview

The SCB in SPI slave mode accepts command packets to control the color of an RGB LED. The SPI slave updates its TX
buffer with a status packet in response to the accepted command. Four projects in this example are SPI slave using high level
PDL functions, SPI slave using low level PDL functions, SPI slave using low level PDL functions and user ISR and SPI slave
using low level PDL functions and DMA.

Requirements

Tool: PSoC Creator™ 4.2; Peripheral Driver Library (PDL) 3.0.1
Programming Language: C (Arm® GCC 5.4.1 and Arm MDK 5.22)
Associated Parts: All PSoC 6 MCU parts

Related Hardware: CY8CKIT-062-BLE PSoC 6 BLE Pioneer Kit

Hardware Setup

This example uses the kit's default configuration. Refer to the kit guide to ensure the kit is configured correctly. If the settings
are different from the default values, see the 'Selection Switches' table in the kit guide to reset to the default settings.

Table 3 lists the PSoC Creator pin connection settings required on the CY8CKIT-062-BLE Kit. Since the master and slave are
on the same device, pins related to both Components are shown in Table 3.

Jumper wires of the same length are used to establish connection between the master and slave on CY8CKIT-062-BLE Kit.
P10[0] is connected to P12[0], P10[1] is connected to P12[1], P10[2] is connected to P12[2] and P10[3] is connected to P12[3]
as shown in Figure 1.

Figure 1. Pin Connection

PIN PIN
P1C0] | ¥ | P12[0]
P10 |« » | P12[1]
P10[2] | » | P27
P10[3] | 4 $| P12[3)

Software Setup

None.

Operation

1. Plug the CY8CKIT-062-BLE kit board into your computer’'s USB port.
2. Connect jumper wires as explained in hardware setup.

3. Build each project and program it into the PSoC 6 MCU device. Choose Debug > Program. For more information on
device programming, see PSoC Creator Help. Flash for both CPUs is programmed in a single program operation.
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4. Observe the RGB LED on the board, which changes its color every two seconds. Color changes in the sequence red,
green, blue, cyan, purple, yellow, white. After white, the same sequence from red continues.

Design

In all four projects, the Arm Cortex®-M4 core acts as a master and the Cortex-MO+ core acts as a slave. Different pins are
configured for SPI MOSI, MISO, SCLK, and SS for master and slave. The master sends command packets to control the color
of an RGB LED connected to the slave. In this document, SPI slave related design is explained. CE221120 explains the

master design.

The slave APIs are divided into two categories: High-Level and Low-Level. See the PDL documentation to know more about
High-Level and Low-Level functions. To open PDL documentation, right-click the SPI Component in PSoC Creator
schematics window and click Open PDL Documentation.

The SCB SPI PSoC Creator Component is used in all four example projects. The master sends different command packets to
the slave every two seconds. A command packet has the information to set the compare value for three PWM signals that
control the color of the RGB LED connected to the slave.

The first byte in the slave RX buffer contains the Start of Packet (SOP) value, The next three bytes contains the compare
value for the red, green, and blue LED’s TCPWM. The fifth byte in the write buffer is End of Packet (EOP). The slave updates
its TX buffer with the status packet. The first byte of the status packet is SOP, the second byte contains the status where the
value 0x00 means success and 0x1F means failure for the command data sent by master and the third byte contains EOP.

To control the color of the RGB LED, three PWMs with a period value of 255 (~195 kHz) are used. The duty cycle of each
PWM is controlled in the firmware and specified by the SPI master. Changing the duty cycle of the three PWM'’s signal will
result in a change in the RGB LED color.

SPI Slave using High-Level Functions

The SPI slave shown in Figure 2 has sSPI (SCB_SPI_PDL) Component configured for master mode and sSPI
(SCB_SPI_PDL) Component configured for slave mode at 1000 kbps speed. SPI slave design uses high-level PDL functions
to communicate with the master.

Figure 2. SPI Slave and Master Schematic for High-Level Design

SPI PACKET FORMAT
RedPWM
PWM STARTOF | COMMAND PACKET END OF
. PACKET(SOP) or STATUS PACKET(EOP)
undrflw (= mSPl
s5P1 compare 5] SPI Master
SPI Slave
pwm|o SPI MASTER COMMAND LIST
1| R LED
At fiRe e COMMAND | COMMAND PACKET DESCRIPTION
Motarela interrupt {=1
Data Rate: 1000 kbps COLOR_RED | 0xFF, 0x00, 0x00 Turns RGB LED red on
GreenPWM slave.
PW Turns RGE LED green
ol COLOR_GREEN | 0x00, 0xFF, 0x00 | /[T "
undrfhw =) Turns RGB LED blue
compare|= COLOR_BLUE | 0x00.0x00, 0xFF | 778 B
Turns RGB LED cyan
pwm < COLOR_CYAN | 0x00, OxFF, OxFF
pwim_n ~[v| GreenLED on slave.
......... clock Turns RGB LED purple
(i COLOR_PURPLE| 0x7F, 0x00, 0x7F | 0 "
RGB_PWMclk[ ]
- 7 Turns RGB LED yellow
@ HETRIeY (COLOR_YELLOW| OxFF, OxFF, 0x00 | 105
PWM "
ol COLOR_WHITE | OXFF, OXFF, OxFF Iﬁr:lz\iﬁa LED white
Make sure that VDDD nditie &) )
(PSoC Creator > Design Wide compare|= NOTE: SPI master and slave is implemented on
Resources tab > System tab) ol the same device. PSOC6 MCU controller's CM4
is setto 2.7 V or more L oo iii BlUSLED core is configured.as master and CMO core is
to use GreenLED and BlueLED. | clock configured as slave.
interrupt (=
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SPI Slave using Low-Level Polling

The SPI slave shown in Figure 3 has mSPl (SCB_SPI_PDL) Component configured for master mode and sSPI
(SCB_SPI_PDL) Component configured for slave mode at 1000 kbps speed. It uses low-level PDL functions to communicate
with the master. It uses polling method instead of interrupt method.

Figure 3. SPI Slave and Master Schematic for Low-Level Design

SPI PACKET FORMAT
RedPWM
PWM
STARTOF | COMMAND PACKET END OF
ovrfiwls PACKET(SOP) or STATUS PACKET(EOP) ‘
S undrv| mSPI
SPLSave IR [ SPTWaster |
pwm s SPI MASTER COMMAND LIST
pwm_n | | RedLED
Woterola clock o COMMAND | COMMAND PACKET DESCRIPTION
interrupt =
Data Rate: 1000 kbps COLOR_RED | gxFF. 0x00, 0x00 Turns RGB LED red on
GreenPWM ! ' slave.
PVWM
Turns RGE LED green
ovifiw|e COLOR_GREEN | 0x00, 0xFF, 0x00 | 0% *F
undrfiw (£
st Turns RGB LED blue
compare £ GOLOR_BLUE | 0x00, 0x00, 0xFF | "0% ="
W Turns RGB LED cyan
pwm_n|— e[ GreenLED COLOR_CYAN 0x00, 0xFF, OxFF on slave.
......... o
interrupt|e: COLOR_PURPLE| 0x7F, 0x00, 0x7F | 1uT® RGBLED purple
RGB_PWMclk[_} -
e ___BluePwWN COLOR_YELLOW| OxFF, 0xFF, 0x00 | 11U RGB LED yellow
PVWM -
3] Turns RGB LED white
ovirfiw = COLOR_WHITE | 0xFF, 0xFF, OxFF
Make sure that VDDD undriwle - xFF, OXEF, O on slave.
PSoC Creator > Design Wide compare & L
F(tesourcas tab > Sysle?n tab) ke NOTE: SPI master and slave is implemented on
is setto 2.7 VV or more pwm the same device. PSOC6 MCU controller's CM4
3 o i : N
to use GreenLED and BlueLED. g {1 BlueLED core is configured.as master and CMO core is
interrupt}s configured as slave.

SPI Slave using Low-Level User ISR

The SPI slave shown in Figure 4 has mSPI (SCB_SPI_PDL) Component configured for master mode and sSPI
(SCB_SPI_PDL) Component configured for slave mode at 1000-kbps speed. It uses low-level PDL functions with user
configured interrupt to communicate with the master.

Figure 4. SPI Slave and Master Schematic for Low-Level User ISR Design

SPI PACKET FORMAT
psveh:pWM STARTOF | COMMAND PACKET END OF
PACKET(SOP) or STATUS PACKET(EOF)
owrflw{e] mSPl
s5P| undrflw (] =S
SPI Slave compare =] SPI Master
interrupt—— =] ISR_SPI pwmle SPI MASTER COMMAND LIST
pwm_n =] RedLED ) COMMAND | COMMAND PACKET DESCRIPTION
Motorola  Mclock
interrupt (£1 Data Rate: 1000 kbps COLOR_RED OxFF, 0x00, 0x00 Turns RGB LED red on
' ! slave.
GreenPWM
PWM COLOR_GREEN | 0x00, 0xFF, 0x00 I:';’E\ic_m LED green
ovrilw (=]
undriw €1 COLOR_BLUE | 0x00, 0x00, 0xFF | TUTis NGB LED blue
compare |51 on slave.
Turns RGB LED cyan
. o COLOR_CYAN | 0x00, 0xFF, O0xFF | T4 RC
| pwm_nf——————————— ] GreenLED
¢ ciock COLOR_PURPLE| 0x7F, 0x00, 0x7F | 1uT¢ RGBLED purple
| interrupt [£) -
RGB_PWMclk[_}———+ Turns RGE LED yellow
o ! COLOR_YELLOW| OxFF, 0xFF, 0x00 | 1478 "
| BluePWM
| Lk COLOR_WHITE | OxFF, DxFF, DxFF I:"s”li\iaa LED white
Make sure that VDDD | 032""*' _
. - | undrflw|=1 pen
(PSoC Creator > Design-Wide. | campare |5 NOTE: SPI master and slave is implemented on
Resources tab > System tab) | the same device. PSOC6 MCU controller's CM4
is set to 2.7 V or more | pwm =1 i core is configured as master and CMO core is
to use GreenLED and BlueLED. | ek pwm_ | BlueLED configured as slave.
---------- cloc
interrupt =1
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SPI Slave using Low-Level DMA

The SPI slave shown in Figure 5 has mSPl (SCB_SPI_PDL) Component configured for master mode and sSPI
(SCB_SPI_PDL) Component configured for slave mode at 1000-kbps speed. It uses DMA and low-level PDL functions to

communicate with the master.
Figure 5. SPI Slave and Master Schematic for Low-Level DMA Design

SPI PACKET FORMAT
“Dma RedPWM
DMA Ch PYWM START OF COMMAND PACKET END OF
— — PACKET(SOP) or STATUS PACKET(EOP)
interrupt|——[2*]inRxDma undrflw &1 mSPI
sSPI compare |1 SPIMaster |
SPI Slave
Dﬁncr:a pwmc1 SPI MASTER COMMAND LIST
- e e i RedLED — COMMAND | COMMAND PACKET DESCRIPTION
n¢_dmal e .
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u_dmaJ interrupt—{=]intTxDma interrupt|£] Data Rate: 1000 kbps COLOR_RED | 0xFF, 0x00, 0x00 Turns RGB LED red on
oo GreenPWM slave.
PWM Turns RGB LED green
— COLOR_GREEN | 0x00, OxFF, 0x00 | 74709 €
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pwm <1 COLOR_CYAN | 0x00, 0xFF, OxFF | TUMS RGBLED cyan
pwm_n 1| GreenlLED .
""""" "“"‘mwmpt L COLOR_PURPLE| 0x7F, 0x00, 0x7F I;';“Iiic‘a LED purple
RGB PWMclk[ ]
- P Turns RGB LED yellow
e Bk COLOR_YELLOW| OxFF, OxFF, 0x00 [ 078 B
BWM -
B COLOR_WHITE | OxFF, 0xFF, OxFF I:';”I:\i@ LED white
undrfhw =1
M:Is(,acsucr;e thtat \iDDDD' Wid compare (= NOTE: SPI master and slave is implemented on
é o I'B:-l EL s 9?'9"[ tI: e pwmlo the same device. PSOC6 MCU controller's CM4
FiEsoLrces e ystem tab) . i | BlueLED core is configured as master and CMO core is
issetto2.7Vormore | = clock configured as slave.
to use GreenLED and BlueLED. iz

Components and Settings

Table 1 lists the PSoC Creator Components used in four sub-examples and the hardware resources used by each
Component. Table 2 lists the non-default settings for each Component. Interrupts to be enabled are listed in Table 4, Table 5,

and Table 6.

Table 1. PSoC Creator Components

Instance Name Purpose Hardware Resources

Component

Provides SPI master and slave Two SCB peripheral blocks

connection

SPI (SCB_SPI_PDL) mSPI, sSPI

Provides direct memory access Two DMA peripheral blocks

for SPI Slave.

DMA(DMA_PDL) txDma, rxDma

RedPWM, Generate PWM signals Three TCPWM peripheral blocks

GreenPwm,BluePWM

TCPWM(TCPWM_PWM_PDL)

Clock(SysClk_PDL)

RGB_PWMclk

Generate clock for TCPWM

One Clock peripheral

GPIO(GPIO_PDL)

RedLED, GreenLED, BlueLED

Provides connection for LED’s

Three GPIO peripherals

System Interrupt(Sysint)

ISR_SPI, intTxDma,
intRxDma

Configure the interrupt

Three Interrupt peripherals
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Table 2. Parameter Settings

Component Instance Name

Non-default Parameter Settings

SPI (SCB_SPI_PDL) mSPI (For all projects)

Tab Basic- Mode: Master, Rx Data Width:8, Tx Data Width:8

SPI (SCB_SPI_PDL) sSPI (For High-Level and Low-Level Polling
Slave Design)

Tab Basic- Rx Data Width:8, Tx Data Width:8.

SPI (SCB_SPI_PDL) sSPI (For Low-Level User ISR Slave Design)

Tab Basic- Mode: Rx Data Width:8, Tx Data Width:8,
Tab Advanced- Interrupt: External, Checked boxes: RX FIFO

not-empty.
SPI (SCB_SPI_PDL) sSPI(For Low-Level DMA Slave Design) See Figure 6.
TCPWM RedPWM, GreenPWM, BluePWM Period 0: 255u, Compare 0 : Ou
(TCPWM_PWM_PDL)
Clock(SysCIk_PDL) RGB_PWMclk Frequency: 48 MHz
DMA(DMA_PDL) txDma See Figure 7.
DMA(DMA_PDL) rxDma See Figure 8.

Configure 'sSPT

Figure 6. Low -Level DMA SPI Slave Parameter Settings

Configure 's5PT'

Name: s5PI Name: s5P]

Basic [ Advanced |* Pins [* Builtin Basic ~ Advanced l Pins |~ Builtdn

E Clock Source =l Dma Triggers
Enable Clock from Terminal [ fix) RX Output fix)

El General TX Output fx)
Mode Slave ™ || fid =] Trigger Level
Sub Mode Motorcla T || fix) RX FIFC Level | O flx)
SCLK Mode CPHA =0, CPOL=0 |~ || fix) TXFIFQ Level | 63 fl)
Data Rate (kbps) 1000 i) =l Interrupt Mode
Enable Input Glitch Filter m i) Interrupt Intemnal F" fd
Enable Wakeup from DeepSleep  |[7] flx)

El Data Configuration
Bit Crder MSE First m i)
RX Data Width 8 flx
TX Data Width 8 flxl
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Figure 7. txDMA Parameter Settings

Configure 'txDma’ Configure 'txDma’ Lllﬂ
Name: xDma Name: txDima
Channel }/Descriptors }/Built-in ] Channel )/ Descriptors ]/Built-in ] L
Trigger Input i Ml | - 4 Descriptor
. Descriptor Name Descriptor_1
Trigger Output O &9 Trigger output Trigger on every element transfer completion
Channel Pricrity 3 | hd | fix) Intemupt Trigger on descriptor completion
. Chain to descriptor Descriptor_1
Numnber of Descriptors | 1 fy Channel state on completion Disable
Preemptable 0 flx) 4 Input trigger options
Trigger input type One transfer per trigger
Bufferable O 1) | Trigger deactivation and retriggering Retrigger after 4 Clk_Slow cycles
4 Transfer setting
Data element size Byte
Source and destination transfer width e to Word
4 _Xloop transfer
Number of data elements to transfer 5
Source increment every cycle by 1
Destination increment every cycleby 0
4 Y loop transfer
Number of ¥doops to execute i
Source increment every cycle by 0
Destination increment every cycleby 0
Figure 8. rxDMA Parameter Settings
Configure 'eDma’ Configure 'mDma’ LI_@ —
Name: mDma Name: mOma
Channel | Deseriptors | Bultn | Channel, Descriptors | Biltn | 4 b
Trigger Input fid @l | . 4 Descriptor
Trigger Output il £ Descriptor Name Descriptor_1
Trigger output Trigger on every element transfer completion
Channel Pricrity 3 m flx) Intemupt Trigger on descriptor completion
R ] Chain to descriptor Descriptor_1
Eniiciisaptel | Channel state on completion Disable
| Preemptable o flx) 4 Input trigger options
Trigger input type (One transfer per trigger
| Bufferable O ity | ITn'gger deactivation and retriggering  Retrigger after 4 Clk_Slow cycles
4 _Transter setting
Data element size Byte
Source and destination transfer width  Word to Byte
I I 4 Xloop transfer
| | Mumber of data elements to transfer 5
Source increment every cycle by 0
Destination increment every cycle by 1
4 Y loop transfer
Mumber of ¥doops to execute 1
Source increment every cycle by 0
Destination incremert every cycleby 0
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Design-Wide Resources

Make sure that Voop (PSoC Creator > Design Wide Resources tab > System tab) is set to 2.7 V or more to use greenLED

and blueLED.

Table 3 shows the pin assignment for the code example.

Table 3. Pin Names and Location

Pin Name Location
mSPl:miso_m P10[1]
mSPI:mosi_m P10[0]
mSPl:sclk_m P10[2]
mSPIl:sso_m P10[3]
sSPI:miso_s P12[1]
sSPI:mosi_s P12[0]
sSPI:sclk_s P12[2]
sSPIisso_s P12[3]
RedLED PO[3]
GreenLED P1[1]
BlueLED P11[1]

Table 4, Table 5, and Table 6 list the interrupts to be enabled and priority to be set.

Table 4. Interrupt Settings for High- and Low-Level Slave Design

Instance Name | Interrupt Number | CMOEnable | CMOPriority(1-3) CMOVector(3-29) CM4Enable | CM4Priority(0-7)
mSPI_SCB_IRQ 42 @ - - 4 7
sSPI_SCB_IRQ 47 4 3 9 @ -

Table 5. Interrupt Settings for Low Level User ISR Slave Design

Instance Name Interrupt Number | CMOEnable | CMOPriority(1-3) CMOVector(3-29) CM4Enable | CM4Priority(0-7)
ISR_SPI 47 4 3 9 @ -
mSPI_SCB_IRQ 42 o - - 4 7

Table 6. Interrupt Settings for Low Level DMA Slave Design
Instance Name | Interrupt Number | CMOEnable | CMOPriority(1-3) CMOVector(3-29) CM4Enable | CM4Priority(0-7)
intRxDma 51 v 3 10 o -
intTxDma 50 v 3 12 o -
mSPI_SCB_IRQ 42 @ - - 4 7
sSPI_SCB_IRQ 47 v 3 9 @ -
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Reusing This Example

This example is designed for the CY8CKIT-062-BLE pioneer kit. To port the design to a different PSoC 6 MCU device and/or
kit, change the target device using the Device Selector and update the pin assignments in the Design Wide Resources Pins
settings as needed. For single-core PSoC 6 MCU devices, port the code from main_cm4.c to main.c.

In some cases a resource used by a code example (for example, an IP block) is not supported on another device. In that case
the example will not work. If you build the code targeted at such a device, you will get errors. See the device datasheet for
information on what a particular device supports.

SPI slave projects designed in this example can be used to communicate with other master devices not located on the same
board.

Related Documents

Application Notes

AN210781 — Getting Started with PSoC 6 MCU Describes PSoC 63 with Bluetooth Low Energy (BLE) Connectivity and how to build

with Bluetooth Low Energy (BLE) Connectivity your first PSoC Creator project

PSoC Creator Component Datasheets

SPI Supports SPI communication

TCPWM Supports PWM Signal Generation

Clock Supports clock signal Generation

GPIO Supports Analog, Digital I/0 and Bidirectional signal types
DMA Supports up to 16 DMA channels

Syslnt Interrupt vectoring and control

Device Documentation

PSoC 6 MCU: PSoC 63 with BLE Datasheet

- PSoC 6 MCU: PSoC 63 with BLE Architecture Technical Reference Manual (TRM)
Programmable System-on-Chip

Development Kit (DVK) Documentation

CYB8CKIT-062-BLE PSoC 6 BLE Pioneer Kit
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