iy
y

Wy

YPRESS

PE

Code Example

This code example describes how to generate a sine wave of a specified frequency using the digital-to-analog

RFORM

Objective

converter (DAC) and DMA.

Overview

A DAC is updated sequentially with the values in a sine lookup table. If the points are considerably close, output waveform is
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smooth. The sine output can be made smooth by passing the DAC output through a low pass filter.

Component List

Instance Name Component Name Component Category Comments
VDACS Voltage DAC (8-hit) Analog - DAC Gives out sine wave output.
. . - . Period is set to 2’ to output a terminal count of
Timer Timer Digital > Functions 400 KHz.
DMA Direct Memory Access System drqis _enabled and timer’s terminal count acts
(DMA) as atrigger.
Pin_SineOut Analog Pin Ports and Pins Configured as analog port with high impedance
analog.
Clock Clock System Configured to output 4.8 MHz.
Top Design

The following diagram shows the components and their routing.
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The following figure shows pin placement (as in .cydwr file):

Aliaz Mame Pin Lack

Pin Sinelut | P3[Z] w

Component Configuration
DAC

Configure *"VDACB*

Mame:  |[vDACS |

- Configure Built-in 4
WA
OutPut Range Speed

@) 0-1.020% (4 m / bit)

3 Slow &) Fast
) 0-4.020% (16 m / bit)

W alue DataSource

bwtes
Strobetdode

Mate: Changing any vwalue field Fegister wiits 3
recalculates the others

T ——

The output range of VDACS is set to 0 — 1.020 V with 4 mV / bit. DataSource is chosen as CPU or DMA (Data Bus).

Timer
Configure *“Timer" E]
M ame: |Timer |
" Configure [ Buil-in 4 b
Fiesolution: @ a8t O 16
Implementaticr: (%) Fixed Function ) UDB
Period: |12 v Max | Period = 2 5us
Trigger Mode:
| Rizing Edge b |
Capture Mode:
Enable Mode: | Software Only £ |
Fun ode: | Continuous v |
Interrupts: JonTC [] OnCapture

CE56171

With a clock frequency of 4.8 MHz, the Timer Period is set to 12 to obtain an update rate of 12 cycles or 2.5 ps period. When
32 points lookup table is used, period of the sine wave obtained is 2.5 ps x 32 = 80 ps (12.5 KHz). The run mode of the Timer

is set to Continuous. By varying the Timer Period, the update rate can be varied.
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DMA

Configure ‘cy_dma’

Mame: Dida,

" Basic | Built-in aF
Hardware Request: Derived v
Hardware Termination: | Dizabled W

] [

In DMA configuration, the Hardware Request type is set to Derived. Hardware Termination is disabled which implies that the
DMA transfer can be terminated only by CPU request or when the DMA data transfer is complete.

DMA Wizard

The DMA Wizard is an easy to configure GUI that enables the user to make the DMA and Transaction Descriptor (TD)
configuration selection. After the DMA and TD configuration is done, the wizard generates the APIs that should be copied into
the code example. Before understanding the use of DMA wizard, let us familiarize ourselves with some important
terminologies associated with DMA.

PHUB: This is a peripheral hub. It is a high performance bus used to access different peripherals and for data transfer. It has
spokes to which peripherals are connected.

Spoke: Spokes are buses that radiate from PHUB. They are connected to one or more peripherals. The spoke data bus width
is 16 or 32 bits.

Channel: Channel resides in the DMA controller. Channels use the PHUB to do the data transfer. Channels fetch the
transaction descriptors, access the PHUB spoke for the source and destination and performs the data transfer.

Transaction Descriptor (TD): The Transaction Descriptor contains all the information required for data transfer. The
information includes source and destination address and the number of bytes to transfer.

Burst Count: This term is used to describe the data transfer done by the DMA. A large chunk of data is split into smaller
chunks to avoid hogging the bus. The size of smaller chunks is defined by the burst count parameter.

Transfer Count: Transfer count defines the number of bytes to be transferred by a TD. The DMA Controller (DMAC) uses the
PHUB to do the data transfer. The PHUB has two masters- the CPU and DMAC.

Now the DMA Wizard can be started by clicking on Tools - DMA Wizard
DMA Wizard FIX

Getting Started
Select the DA instance to uge.

The DMA \Wizard enables quick and accurate development of applications that uge DMA. [t will
guide you through defining vour transaction descriptors and, in the end, generate the necessan C
code that can then be copied and pasted into your application.

Project. | DAC_SineWwavelGenerator w

Dibda:

Mest > ] I Cancel
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The DMA Wizard can be used to configure each DMA channel and the TDs for each DMA channel separately. The first page
in the Wizard shows the code example name and name of the DMA channels used in the code example. The wizard retrieves
the name of code example automatically. It also retrieves the DMA Channel names from the Top Design automatically. The
figure above shows the first page, Getting Started.

When the code example uses more than one DMA channel, all the DMA channel names are displayed in the list. The
configuration should be done separately for each DMA channel. To go to the DMA channel setting page, click Next in the
Getting Started page.

DMA Wizard

Global Settings
Configure the global tranzaction descriptor settings.

Source Drestination
Flash v| [voacs |
Base Addr: | | Base Addr: | |
Set Manually Murnber of TDs:

Bytes per Burst: () Single Chain

Each Burst Requires a Request (%) Loop

I < Back " Mext » ] I Cancel I

In the Global settings page, the Source is chosen as Flash where the sine lookup table is stored and the Destination is a
VDACS register.

Bytes per Burst allows you to set the number of bytes to transfer in a single burst. The data transfer is configured for 1 byte per
burst. Each burst is transferred at the terminal count of the Timer. Hence, ‘Each Burst Requires a Request’ is enabled.

The data transfer needs only one TD and the TD is repeated for continuous wave generation. Hence, the ‘Loop’ option is
enabled, which loops back to the first TD.

After configuring the appropriate settings, click Next to go to the Transaction Descriptors page where you can configure the
TDs for each DMA channel.

DMA Wizard

Transaction Descriptors
Configure the tranzaction descriptor settings.

TD# Endian + Tel[r:n - TETR * Length * Source *lncw Drestination *lnc* Aﬁgt * Mext TD

Off O [ |table_length |sineT able WDACE Data PTR | (]| [ |0

Beset to Defaults l < Back " Mext » ] l Cancel

TD#: Describes the logical TD number. It is used in conjunction with next TD.

Endian: It enables 2 or 4 byte endian byte swapping.

Term In: Enables the terminating of this TD on a rising edge of the TERMIN signal.

Term Out: Enables the generation of TERMOUT signal when the TD completes.

Length: This indicates the length in bytes for this TD. In this code example, it is the length of the sine look up table.

Source: This indicates the source address for the DMA transfer. Here, the sine look up table is the source.
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Inc (Source): Enables incrementing of the source address as the DMA progresses through the specified number of bytes. It is
enabled so that the succeeding values in the sine look up table are automatically transferred.

Destination: This indicates the destination address for the DMA transfer. VDAC data pointer is chosen as the destination.

Inc (Destination): Enables incrementing of the destination address as the DMA progresses through the specified number of
bytes. In this code example, it is disabled as the destination address remains the same.

Auto Next: Specifies whether or not to automatically execute the next TD after this TD completes without requiring another
request. This is unchecked as a TD has to be executed only upon receiving a request (Terminal count of Timer).

Next TD: Specifies the next logical TD in the chain of TDs. It is set to End if this is the last TD, else set to 0.

Once the configuration shown above is done, click Next to go to the Generate Code page.

DMA Wizard

Generated Code
Copy and paste the code below into your design.

ST, DMA REQUEST PER BURST,

TD T

TD[O],
LO1&( {uint

l Copy ta Clipboard ] l < Back ” Finish l l Cancel ]

After the DMA channels and TD configuration is complete, the wizard generates code for the respective DMA channel. This
code includes the configuration for the DMA channel and the TDs. Copy the code and paste it into the main.c.

In PSoC 3, the Keil compiler needs the keyword ‘code’ to store the lookup table to Flash. In PSoC 5, the compilers (GCC,
ARM-RVDS, and ARM-MDK) can store the data to Flash with the keyword ‘const’ itself.

The keyword CYCODE should be used when the user wants to make the variable declaration compatible with PSoC 3 and
PSoC 5.

Design Wide Resources
The code example uses default configuration. Refer to DAC_SineWaveGenerator.cydwr for the default settings.

Operation

Sine lookup table consisting of 32 points and 128 points are stored in Flash whose values are updated sequentially to a DAC
to obtain a sine wave. The update rate and the number of points in the sine lookup table determine the frequency of the output
sine wave. The values from the lookup table are updated into the DAC with a DMA. The DMA is set to update values on a
hardware trigger. DMA operates on a single channel and one TD. The TD loops itself so that the sine wave is repeating. The
hardware trigger is given from terminal count of a timer. The output frequency of the sine wave generated equals the update
rate divided by number of points in the sine lookup table. The code example generates a 12.5 kHz sine wave with 32 points in
the sine lookup table with an update rate (timer frequency) of 400 kHz. A low pass filter can be put on the VDAC output to
make the sine wave smoother.

®  The sine output can be made smoother by using higher number of points in the lookup table. In this code example 128
points lookup table for sine wave is also stored in Flash. The user can set the ‘SMOOTH' to non-zero value to use 128
points lookup table by changing its value in #define. The snap shot below shows the sine wave output using 32 and 128
points lookup tables.
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Sine wave output using 128 points lookup table

®  The frequency of sine wave generated can be varied by varying the update rate of DMA. The frequency of sine wave can
be increased by increasing the update rate of the DMA that in turn is achieved by decreasing the period of Timer used to
trigger the DMA. To obtain sine wave of frequency 12.5 KHz using 128 points lookup table, the update rate is set to
1.6 MHz.

Hardware Connections

This code example can be tested on the CY8CKIT-001 development board. The following connection must be made on the
board to make the code example work.

®  Connect Oscilloscope to Pin P3_2 to observe DAC output.

®  Change the value of ‘SMOOTH in #define with a non-zero value and again observe the DAC output at Pin P3_2.

For the remaining basic settings of the development kit, refer to the CY8CKIT-001 PSoC Development Kit Board Guide,
provided with the kit.

Output

B Use device selector (Code example - Device Selector) window in PSoC Creator to select the appropriate device and
Device Revision.

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

Log

4 I

347 of 347 devices found | Clear Filkers

EB = 18 Columns Hidder
L)
Cy'aC3866AXA-039 '? PSoC3[8051]) Autorative 24 1) «16 gf 1% 20-bit Delta Sigma 4
CraC386E4:A-040 '-r‘ PSoC3[B051)) Automotive 24 1| ®1E :f 1% 20-bit Delta Sigma 4
Cy'aC3866AXA-054 '? PSoC3[8051]) Autorative 24 1 - gf 1% 20-bit Delta Sigma 4
CraC386E4:A-085 '-r‘ PSoC3[B051)) Automotive 24 1 - :f 1% 20-bit Delta Sigma 4
CvBC386641-033 ? P5alC3(8051] Industrial 24 1 ° gf 1= 20-bit Delta Sigma 4
Cr8C38664:]-035 '-r‘ PSoC3[8051) Industrial 24 1| ®1E :f 1% 20-bit Delta Sigma 4
Cy8C386641-038 ? P5alC3(8051] Industrial 24 1| =16 gf 1= 20-bit Delta Sigma 4 [
Cv8C3866A>1-039 ? P5olC3(8051) Industrial 24 1| =16 :vf 1= 20-bit Delta Sigma 1| =
o
Cv8C3866A>1-054 ? P5olC3(8051) Industrial | E7| 64 o) 2048 4 24 1 - :vf 1= 20-bit Delta Sigma 4
Cv8C386641-055 ? P5alC3(8051] Industrial | 67| 64 8| 2048 4 24 1 ° gf 1= 20-bit Delta Sigma 4
Cv8C386ELTI-020 ? P5olC3(8051) Industrial | 67| 64 o) 2048 4 24 1 - :&f 1= 20-bit Delta Sigma 4
Cv8C386ELTI-023 ? P5alC3(8051] Industrial | 67| 64 8| 2048 4 24 1 ° gf 1= 20-bit Delta Sigma 4| =
£ i | >

Start Auto Select

Device Revisions:| | PRODUCTION |+
ES3
[ 0K ] ES2

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

CE56171

Note For engineering samples, device revision is marked on the package as part of the device number. Production
silicon will not have ES marking.

®  Build the code example and program the device.

®  Reset the device by Pressing SW4 (Reset Switch)

®  Observe 12.5 kHz Sine waveform on the scope.

Related Application Notes and Code Examples:

®  DMA Memory Transfer in PSoC® 3/ PSoC 5

B DMA Peripheral Transfer in PSoC® 3/ PSoC 5

B AN52705 - Using DMA on PSoC® 3 and PSoC 5
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Document History
Document Title: CE56171 — PSoC® 3/ PSoC 5 — Sine Wave Generator with DAC

Document Number: 001-56171

Revision ECN Orig. of Submission Description of Change
Change Date
*x 2765677 PFz 09/22/09 New application note
*A 2913238 PFz 04/25/10 Removed warning, updated top design, changed copyright
*B 2944347 DASG 06/17/10 Updated the project and document to work with PSoC 3/PSoC 5
Updated the documents to meet the spec 001-55157 and 001-58307
*C 3178394 PFz 02/21/2011 Updated the title and replaced ‘example project’ with ‘code example’.

The snap shots and explanation are added to describe the use of DMA Wizard.
The project is changed to store the sine look-up table in Flash.

Both 128 points and 32 points look-up table is included to show smooth sine wave
generation.

Explanation is added to describe the action to be taken to vary the frequency of
the output sine wave.
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