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Objective

This example demonstrates the use of PSoC® 6 MCU to implement a voice recorder.

Overview

This project shows how PSoC 6 MCU can be used to record audio data, store it and play it back. It uses a digital microphone
with the pulse-density modulation (PDM) to pulse-code modulation (PCM) converter hardware block. All the audio data captured
by the microphone is stored to an external flash memory. After the recording is completed, you can play the audio data over
Inter-IC Sound (I2S), which interfaces with an audio codec. You can record/stop/play/pause/resume with CapSense® buttons.
You can control the audio volume with the CapSense slider. The TFT LCD displays the current state of the voice recorder, the
volume, and the time of the record/play.

Figure 1 shows the high level-block diagram of this application.

Figure 1. Block Diagram
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UDB = Universal Digital Blocks
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SMIF = Serial Memory Interface
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Requirements

Tool: PSoC Creator™ 4.2; Peripheral Driver Library (PDL) 3.0.1

Programming Language: C (Arm® GCC 5.4.1)
Associated Parts: All PSoC 6 MCU parts
Related Hardware: CY8CKIT-062-WiFi-BT, CY8CKIT-028-TFT

Software Setup

Check if all the latest components are available in PSoC Creator. Go to menu Tools > Find New Components. Install all the new
components in the list, if any.

Hardware Setup

This example requires the CY8CKIT-028-TFT shield to be connected to CY8CKIT-062-WiFi-BT PSoC 6 Pioneer Kit. Keep SW5
and SW7 in their default positions. Refer to the Kit Guide for more information. You also need a headphone or speaker connected
to the audio jack on the CYBCKIT-028-TFT shield. The SW1 position should match the type of headphone/speaker used — OMTP
[Open Mobile Terminal Platform] or AHJ [American Headset Jack].

Operation

1. Connect the CY8CKIT-028-TFT shield to the Pioneer Kit.

2. Connect a headphone or speaker to the audio jack on the CY8CKIT-028-TFT.

3. Connect the Pioneer Kit to your PC using the provided USB cable through the USB connector (J10).

4. Build the project and program it into the PSoC 6 MCU device. Choose Debug > Program. When building the project, DO

NOT replace the FreeRTOSConfig.h file. For more information on device programming, see PSoC Creator Help. Flash for
both CPUs is programmed in a single program operation.

After pressing the RST button, the following screen appears on the TFT LCD display.

Vol: 91%

Press the left CapSense button (BTNO) on CY8CKIT-062 to start recording. The following screen appears on the TFT LCD.

Vol: 91%

Play a sound, or speak over the microphone (PDM MIC) on CY8CKIT-028-TFT while recording.
Press the left CapSense button again to stop recording. The following screen appears on the LCD.

Vol: 91%

Press the right CapSense button (BTN1) to play the recording. The following screen appears on the LCD.

WWW.Cypress.com Document Number: 002-22221 Rev. *C 2
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Vol: 91%

9. Listen to the recorded audio using the headphone or speaker. You can pause/resume any time by pressing the right
CapSense button again. If paused, the following screen appears on the LCD:

Vol: 91%

10. To change the volume, slide your finger on the CapSense slider to the right (increase volume) or to the left (decrease
volume).

Design and Implementation

The CY8CKIT-028-TFT shield contains the audio codec AK4954A, an audio jack, a digital microphone, and a Newhaven 2.4-
inch 240x320 TFT LCD display with a Sitronix ST7789 display controller. This allows you to record audio using the microphone
and play it with the audio codec. The display is used to report the current state of the voice recorder — IDLE, RECORDING,
PLAYING, or PAUSED. The Pioneer kit contains two CapSense buttons and a slider. The buttons trigger the actions supported
by the voice recorder. Figure 2 shows how the transitions between states occur.

Figure 2. States and Transitions

BTNO

RECORDING

BTNO : Record Button BTN1
BTNL1 : Play Button BTNO
BTNO

PAUSED PLAYING

Each state is linked to a different icon displayed in the LCD. The Operation section shows the screenshots of each state. The
screen also shows the current volume in percent, and the time duration of the record/play. The GraphLCDIntf Component drives
the LCD. It is configured to have an 8-bit wide bus. The example uses an open-source graphics library for embedded system
called pGUI. The firmware uses this library to draw text and figures on the LCD display.

When recording, the PDM/PCM hardware block captures the data from the digital microphone. All the data written to its internal
FIFO is transferred (using DMAS) to a circular buffer placed in the SRAM. The DMA is configured to generate interrupts when a
certain amount of data is transferred. On each interrupt, the application transfers data from the circular buffer to the external
memory over QuadSPI (SMIF). This memory is placed on Pioneer Kit and uses NOR flash technology (S25FL512S).

When playing, the I°S hardware block streams the recorded data. The application reads the data from the external memory and
places it in a ping-pong buffer. While writing in the ping buffer, a DMA controller transfers the data from the pong buffer to the
12S TX FIFO. Figure 3 shows the overall transfers performed by the application.
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Figure 3. Overall Transfers
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When in the IDLE or PAUSED states, no transfers are performed.

To minimize writing in the same sector of the external memory multiple times, a wearing level mechanism is implemented. On
initialization, the application scans the external memory to locate the last sector written by the application. Every time a new
record is started, the application erases and writes new data in the next sector available. This mechanism reduces the number
of times the same sector is erased/written. The same sector will only be erased/written when all other sectors are used.

The firmware uses FreeRTOS to execute the processes required by this application. All tasks run in the Arm® Cortex®-M4 CPU.
The following tasks are created:

1. RecorderTask: handles recording and playing. It controls the transfers between the FIFOs, SRAM, and external memory.
2. TouchTask: handles CapSense touches on the buttons and slider.

3. EventsTask: handles any events that occur, such as touches from CapSense or recording/playing events.

4. GraphicsTask: handles updates and draws on the LCD.

Other RTOS elements used for synchronization and communication are:

1. Event Queue: used to notify EventsTask when specific events occur. The RecorderTask and TouchTask are senders.

2. GUI Queue: used to notify GraphicsTask to update or draw something on the screen. RecorderTask and EventsTask are
senders.

SMIF Semaphore: used to lock the SMIF interface for accessing the external memory.

4. DMA Event Group Bits: used to notify RecorderTask that a DMA interrupt occurred.

Components and Settings

Table 1 lists the PSoC Creator Components used in this example, how they are used in the design, and the non-default settings
required so they function as intended.

Table 1. PSoC Creator Components

Component Instance Name Purpose Non-default Settings

PDM to PCM PDM_PCM Interface the digital microphone See Figure 4

SMIF Datalines[0:1] checked

SMIF Datalines[2:3] checked

SMIF SPI Slave Select 0 checked

SMIF SMIF_1 Interface the external flash memory Generate code from cy_smif.cysmif file checked
All other parameters unchecked

See Figure 5 for SMIF Configuration Tool
(Launch by clicking with right mouse button over
the SMIF component)

Trigger Input/Output are checked
DMA DMA Record Transfer data from PDM/PCM RX g9 . p p
— FIFO to SRAM See Figure 6
Trigger Input/Output are checked
DMA DMA_PlayLeft Transfer data from SRAM to 12S TX g9 p p

FIFO (left channel) See Figure 7
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Component

Instance Name

Purpose

Non-default Settings

Transfer data from SRAM to 12S TX

Trigger Input/Output are checked

DMA DMA_PlayRight FIFO (right channel) See Figure 8
12S 12S Interface the audio codec See Figure 9
SCB (12C Master) Codecl2CM Configure the audio codec Mode: Master
CapSense CapSense Scan capacitive buttons and a slider See Figure 10 to Figure 13

GraphicLCDIntf

GraphicLCDIntf

Interface the TFT LCD Display

Bus Width: 8 bit

Interrupt DMA_PDM_IRQ Track the recording transfers
Interrupt DMA_12S_IRQ Track the playing transfers
Clock Clk_HF4 Master clock for the audio codec
Clock Clock_Graphics Clock for GraphicLCDIntf

Digital Input Pin PDM_DATA PDM Data input

Digital Output Pin PDM_CLK PDM Clock output

Digital Output Pin TX_SDO I12S TX Data output

Digital Output Pin TX_SCK I12S TX Clock output

Digital Output Pin TX_WS I12S TX Word Select output

Digital Output Pin Pin_d_c Data/Command signal for the LCD

Digital Output Pin Pin_ncs Active-LOW chip select for the LCD

Digital Output Pin Pin_nwr ;I’:\étlijve-LOW write control signal for

Digital Output Pin Pin_nrd f\étlijve-LOW read control signal for

Digital Output Pin Intf_nreset Active-LOW reset signal for the LCD HW Connection is Unchecked
Bidirectional Pin Pin_LSB 8-bit pin bus for the LCD Number of pins: 8
Digital Output Pin RED_LED Assert when an error is detected Initial drive state: High

HW Connection is Unchecked

For information on the hardware resources used by a Component, see the Component datasheet.

Figure 4 through Figure 10 highlight the non-default settings for each Component in this example.

Www.Cypress.com
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Figure 4. PDM/PCM Configuration Window

Name: |PDM_PCM
_/"Basic | Buit-in | 4p
= Channels
Channel Recording Swap r fix)
Left Channel Gain 0dB v | fx)
Right Channel Gain +10.5dB v | fx)
Stereo / Mono Mode Select Mono R v | fx)
= Filter
Disable High Pass Filter - fix)
High Pass Filter Gain 8 fix)
= Interrupts
RX FIFO is Not Empty Interrupt [ fix)
RX FIFO Overflow Interrupts r fix)
RX FIFO Trigger Interrupts r fix)
RX FIFO Underflow Interrupts r fix)
= Output Data
Output Data Sign Extension - fix)
Output Data Word Length, in Bits | 16 |v | fix)
= Output FIFO
DMA Trigger Enable I fix)
Output FIFO Trigger Level 64 fix)
= Soft Mute
Enable Soft Mute r fix)
Select Soft Mute Fine Gain 0.26dB > | fix)
Soft Mute Cycles 96 - | fx)
= Timing
1st Clock Divisor 1/4 v | fx)
2nd Clock Divisor 1/4 v | fix)
3rd Clock Divisor 1 fix)
Number of PDM_CLK Periods 0 fix)
Sinc Decimation Rate 32 | fix)
Datasheet | OK I Al Cancel

Www.Ccypress.com
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Figure 5. SMIF Tool Configuration

S SMIF Configuration Tool: C:\Users\rlos\Perforce\rlos_RLOSCMSLAP_2560\soft o]
Fle Run Options Help
-
Slave Memory part D Memory Pair with Start = End Write Canﬁg
slot number i Sl mapped slot address e address enable g::; n BT
S25FL5128 Quad SPI-Data[0:3] W None 0x18000000 | 0x10000 Ox1800FF... T2 r r
Not used SPI-MOSEMISO Data[0:1] r None 0x18010000 | 0x10000 Ox1801FF... r r r
Not used SPI-MOSEMISO Data[0:1] r None 0x18020000 | 0x10000 0x1802FF... r r r
Not used SPI-MOSEMISO Data[0:1] r None 0x18030000 | 0x10000 0x1803FF... r r r
Location: |C:\Program Files (x86)\Cypress\PDL\3.0. 1\tools\win\smif_configimemorny\S25FL512
User part number: |SZSFL5128 Erase time: |520— ms ¥
Status register busy mask: l(‘m'ﬂ— Chip erase time: |134— IG
Status register quad enable mask: Im— Program time (us): |34{)—
Size of memory: M Description:
Program page size: IDXDDDDDZ)D 64Mbytes 3V serial Flash memory
Erase block size (bytes) M
MNumber of address bytes for SMIF fransactions. l{)m'.)i?u—
Description MNumber fﬂ%r;]mand 3"%?:1955 Mode ‘l:‘ﬂ'it;:]e E;;::;y Eﬂ?;;
Read command format 0xEB Single Quad 0x01 Quad 4 Quad
Write enable command format 0x06 Single Single MNA Single MNA Single
Write disable command format Ox04 Single Single MNA Single MNA Single
Erase command format 0xD3 Single Single MNA Single MNA Single
Chip erase command format 0x60 Single Single MNA Single MNA Single
Program command format 0x38 Single Single MNA Quad MNA Quad
Read status register command (containing QE bit) |0x35 Single Single MNA Single MNA Single
Read status register command (containing WIP bit) | 0x05 Single Single MNA Single MNA Single
Write status register command (containing QE bif) | 0x01 Single Single NA Single NA Single
4
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Figure 6. DMA_Record Configuration Window

Name: |DMA_Fiecord
Channel " Descriptors | Buil-in |

4 B
PDM_to_SRAM El Descriptor
Descriptor Name PDM_to_SRAM
Trigger output Trigger on every element transfer completion
Interrupt Trigger on every X loop transfer completion
Chain to descriptar PDM_to_SRAM
Channel state on completion Enable
B Input trigger options
Trigger input type | One transfer per trigger |
Trigger deactivation and retriggering Retrigger after 16 Clk_Slow cycles
Bl Transfer setting

Data element size Haliword (2 bytes) |
Source and destination transfer width rd

B X loop transfer

Number of data elements to fransfer 256
Source increment every cycle by 0
Destination increment every cycle by 1

B ¥ loop transfer

Number of X-loops to execute 32
Source increment every cycle by 0
Destination increment every cycle by 256

Data element size
This parameter sets up the data element size parameter in the descriptor.

Datasheet | OK | Al | Cancel |

Figure 7. DMA_PlayLeft Configuration Window
2| x|

Name: IDMA_PIayLeﬂ

Channel /" Descriptors |~ Buift-in |

4k
. SRAM_to_I2S El Descriptor

Descriptor Name SRAM_to 125

Trigger output Trigger on every element transfer completion

Interrupt Trigger on completion of entire descriptor chain

Chain to descriptor
Channel state on completion

B Input trigger options

SRAM_to_I2S

Trigger input type One transfer per trigger
Trigger deactivation and retriggering Retrigger after 16 Clk_Slow cycles
B Transfer setting
Data element size Halfword (2 bytes) |
Source and destination transfer width ord
B X loop transfer
MNumber of data elements to transfer 256
Source increment every cycle by 1
Destination increment every cycle by 0
E ¥ loop transfer
Number of X-loops to execute 2
Source increment every cycle by 256
Destination increment every cycle by 0

Data element size
This parameter sets up the data element size parameter in the descriptor.

Datasheet | QK I Apply Cancel

WWW.Cypress.com Document Number: 002-22221 Rev. *C 8
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Figure 8. DMA_PlayRight Configuration Window

Configure 'DMA_PlayRight'

Name: |[DMA_PlayRight

Channel " Descriptors | Buit-in | 4 b
- SRAM_to_[25 El Descriptor

Descriptor Name SRAM_to_I2S
Trigger output Trigger on every element transfer completion
Interrupt Trigger on every X loop transfer completion
Chain to descriptor SRAM_to 125
Channel state on completion Enable

El Input trigger options
Trigger input type One transfer per trigger |
Trigger deactivation and retriggering Retrigger after 16 Clk_Slow cycles

B Transfer setting
Data element size Halfword (2 bytes) |
Source and destination transfer width Halfword to Word

E X loop transfer
Number of data elements to transfer 256
Source increment every cycle by 1
Destination increment every cycle by 0

E Y loop transfer
Number of X-loops to execute 2
Source increment every cycle by 256
Destination increment every cycle by 0

Data element size

This parameter sets up the data element size parameter in the descriptor.

Datasheet | OK I Apply Cancel

Www.Ccypress.com
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Figure 9. 12S Configuration Window
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Figure 10. CapSense Configuration Window - Basic

20

| Load configuration |zl Save configuration Z] Export Register Map

Name: |CapSense

Basic | Advanced | Gestures | ADC | Buiit-in 4 b
4 Move up ¥ Move down ¥ Delete CSD tuning mode: |SmartSense (Full Auto-Tune) LI
Type | Name Sensing mode Sensing el Finger capacitance
O |Button0 CSX (Mutual-cap) |1 Rx 1 Tx NIA
O |Buttonl CSX (Mutual-cap) |1 Rx 1 Tx NIA
Z¥ |LinearSliderD CSD (Self-cap) 5 Segments 0.3 pF
+—
[~ Sensor resources
CSD electrodes: 5 CSX electrodes: 4 Pins required: 11 Pins avaiable: 99

Datasheet | OK I Apply | Cancel |

Figure 11. CapSense Configuration Window — Advanced / General

2| x|

| Load configuration |zl Save configuration 3] Export Register Map

Name: ICapSense

Basic/” Advanced | Gestures | ADC | Buit-in 4

General | CSD Setings | CSX Seftings | Widget Details | Scan Order

[ Regular widget raw count filter type Baseline IR filter settings
[ Enable IR filter (First order) Regular widget baseline coefficient: |1
IIR filter raw count coefficient: I‘IZB Proximity widget baseline coefficient: I‘I

[+ Enable median filter (3-sample)

[ Enable average filter (4-sample) IF Enable sensor auto-reset I

" Enable self-test librany

[~ Proximity widget raw count filter type
™| Enable multi-frequency scan
™| Enable IR filter (First arder)

IR filter raw count coefficient: I'IEB
™| Enable median filter (3-sample)

" Enable average filter (4-sample)

Datasheet | OK I Apply Cancel
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Figure 12. CapSense Configuration Windows - Advanced / CSD and CSX Settings

20 20
| Load configuration |z Save configuration - | |5 Load configuration |.ﬂ Save configuration -
Name: ICapSense Name: ICapSense
Basic -~ Advanced | Gestures | ADC | Buift-in | 4 Basic”” Advanced | Gestures | ADC | Buit-in | 4
‘General CSD Settings | CSX Settings | Widget Details | Scan Order | ‘General | CSD Setings CSX Setings | Widget Details | Scan Order |
[~ Scan settings 1=l [~ Scan settings 1=
[ Modulator clock frequency (kHz): [5000 ~| [Modulator clock frequency (kHz): [12000 =
Actual frequency (kHz): 6250 Actual frequency (kHz): 12500
Sense clock source: IAuto LI | Tx clock source: IAuto ﬂ
I™| Enable common sense clock [ Enable common Tx clock
Sense clock frequency (kHz): ISET by SmartSense LI Tx clock frequency (kHz): ISE!T perwidget ﬂ =
Actual frequency (kHz): N/A - Actual frequency (kHz): N/A =
< | = || T
Datasheet | oK | Apply | Cancel | Datasheet | QK | Apply | Cancel |

Figure 13. CapSense Configuration Window — Advanced / Widget details / Buttons

| Load configuration |xd Save configuration %) Export Register Map |/ Load configuration |l Save configuration %] Expart Register Map
Name: |CapSense Name: |CapSense
Advanced | Gestures | ADC | Buit-in | 4 Advanced | Gestures | ADC | Buik-in | 4
" General I CSD Settings | CSX Settings  Widget Details | Scan orderl General I CSD Setlings I CSX Seftings Widget Details | Scan Order
Widget/Sensor list: Widget/Sensor parameters: Widget/Sensaor list: Widget/Sensor parameters:
B Widget Hardware Parameters 5--@ Button0 (CSX) (=] Widget Hardware Parameters
Button0_Rx0 Tx clock frequency (kHz) 300 Button0_Rx0 Tx clock frequency (kHz) 300
Button0_Tx Actual Tx clock frequency | 297.62 Button0_Tx Actual Tx clock frequency 29762
=0 Button1 (CSX) Number of sub-conversior 100 Number of sub-conversior 100
Button1_Rx(} El Widget Threshold Parameters = Widget Threshold Parameters
Button1_Tx Finger threshold 90 Button1_Tx Finger threshold
=3 LinearSlider) (CSD) Noise threshold 40 Em LinearSliderd (CSD) Noise threshold 40
«  LinearSliderd_Sns0 Negative noise threshald 40 w-  LinearSliderD_Sns0 Negative noise threshaold 40
LinearSliderl_Sns1 Low baseline reset LinearSliderd_Sns1 Low baseline reset 30
LinearSliderd_Sns2 Hysteresis 20 LinearSliderd_Sns2 Hysteresis 20
LinearSliderd_Sns3 ON debounce 3 ; LinearSliderd_Sns3 ON debounce 3
LinearSliderd_Sns4 : LinearSliderd_Sns4
Tx clock frequency (kHz) Tx clock frequency (kHz)
Sets the Tx clock frequency for the CSX widget. Sets the Tx clock frequency for the CSX widget.

Datasheet oK I Apply Cancel Datasheet 0K I Apply Cancel
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Figure 14 through Figure 16 shows the changes made in the clock configuration.

Figure 14. Source Clocks Configuration

Configure System Clocks 21|
Source Clocks | FLL/PLL | High Frequency Clocks |~ Miscelaneous Clocks | 4P

| Digital Signal @
o L
i

racy: +30%
[¥| Run in hibernate mode

0K I Cancel

Figure 15. FLL/PLL Configuration

Configure System Clocks ilil

Source Clocks,”” FLL/PLL | High Frequency Clocks | Miscelaneous Clocks | q b
Diglt?l _%1 a_, 2 FLL @
= Desired: 100 MHz Path 0
MO IMO (8 MHz) %4 Actual: 100 MHz +2.4%
(8 MHz)
ECO
(17203 MHz)~
ExtClk
Bk ﬁ
1o Desired: 16.384 MHz | Pami
fer s A ECO (17203MHz) = Actual: 16.384 MHz £0%
PILO
(? MHz) >
WCO
— p-Path 2
(7 MHz) IMO (8 MHz) - :
b Path 3
IMO (8 MHz) - e
- Path 4
IMO (8 MHz) - s
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Figure 16. High Frequency Clocks Configuration

Configure System Clocks 2] x|
Source Clocks |~ FLL/PLL /" High Frequency Clocks |~ Miscelaneous Clocks | 4

| Ck Fast @
.-‘I] 'I Divider: |1 33

Path 0

Path 0 (100 MHz +

(100 MHz)
P - 100 MHz +2 4% 100 MHz +2 4%
ath 1
(16.384 MHz)
Path2 Clk Peri (3 | Clk Slow (@
(8 MEHz) Path1(16.384 M>| / IE Divider: |2 33 Divider- |1 33
Path 3 - 16.384 MHz +0% 50 MHz +2.4% 50 MHz £2.4%
(8 MHz)
Path4
(8 MHz)

Path 1({16.384 M
2q: 2.048 MHz £0%

QK I Cancel

Reusing This Example

This example is designed for the CY8CKIT-062-WiFi-BT PSoC 6 Pioneer kit. To port the design to a different PSoC 6 MCU
device and/or kit, change the target device using Device Selector and update the pin assignments in the Design Wide Resources
Pins settings as needed.

In some cases, a resource used by a code example (for example, an IP block) is not supported on another device. In such cases,
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.

This example also uses an external 17.2032 ECO placed on CY8CKIT-062-WiFi-BT PSoC 6 Pioneer kit. If you are using another
kit that does not contain such ECO, edit the clock configuration to source the PLL from the IMO.
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Related Documents

Application Notes

AN210781 — Getting Started with PSoC 6 MCU

with Bluetooth Low Energy (BLE) Connectivity Describes the PSoC 6 BLE, and how to build this code example

AN217666 — PSoC 6 MCU Interrupts Describes how to use interrupts in PSoC 6 MCU

PSoC Creator Component Datasheets

Inter-IC Sound Bus (I12S) Component Sends digital audio streaming data to external 1?S devices
Inter-Integrated Circuit (I2C) Component Supports 1°C slave, master, and master-slave operation configurations.
PDM to PCM Decoder Component Converts a PDM signal to PCM.

Direct Memory Access (DMA) Component Transfers data to and from memory and registers.

Capacitive Sensing (CapSense) Component Scan capacitive buttons, sliders, touch pad, proximity sensors

Serial Memory Interface (SMIF) Component Interface external serial memories

Device Documentation

PSoC 6 MCU: PSoC 63 with BLE Datasheet (PRELIMINARY)

PSoC 6 MCU: PSoC 63 with BLE Architecture Technical Reference Manual

PSoC 6 MCU: PSoC 63 with BLE Register Technical Reference Manual

PSoC 6 MCU: PSoC 62 Datasheet

PSoC 6 MCU: PSoC 62 Register Technical Reference Manual

Development Kit (DVK) Documentation

CY8CKIT-062-BLE PSoC 6 BLE Pioneer Kit

CYB8CKIT-062-WiFi-BT PSoC 6 Pioneer Kit
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