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How to Perform ADC Conversions with DMA Data
Transfers on PIC32MK Devices Using MPLAB Harmony v3

Introduction

When performing a large number of ADC conversions on many channels, transferring the resulting data from the
peripheral registers to a user buffer using interrupts can result in a high CPU load.

The data can be transferred using the DMA to avoid this increased CPU load. On the PIC32MK microcontrollers, the
general-purpose DMA cannot be used with the ADC as the ADC modules on this family of devices have their own
dedicated DMA data transfer mechanism.

This document describes how to configure and use the ADC peripheral library in MPLAB® Harmony v3 with the DMA
data transfer feature.
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The Operation of the ADC in Scanning Mode with DMA Transfer Mode

Automatic conversions using hardware triggering can be performed using the scan mode feature. The scanning

feature allows the ADC converters to be triggered sequentially for each scan source event, for example, the match
event of a timer.

Figure 1-1. ADC Scan
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When using the DMA feature of the ADC module, the internal DMA of the module will automatically transfer the

data from the result registers to a buffer in the RAM. The memory layout of the destination buffer is determined by

the number of ADC converters and the configured buffer length. The user must configure the start address of the
destination buffer.

Each ADC channel will have two buffers: Buffer A and Buffer B. The Buffer A and Buffer B are separate buffers in the
RAM, which allows one buffer to be processed by the application, while the other buffer is being filled by the DMA.

The length of each buffer is configured by the user and is represented by the number of samples that must be stored
in each buffer.

In addition to the data, the ADC DMA can also transfer the sample counter for each buffer in a separate area of the
RAM, which starts at an address specified by the user. The sample counter value can be used to determine the index

of the recent sample in each buffer. The size of the destination buffer, in bytes, can be determined using the following
formula:

Figure 1-2. Buffer Size Formula
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The following figure illustrates how the destination buffer will look when using three ADCs with a buffer length of four

samples:

Figure 1-3. DMA Buffer
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Implementation Example Using MPLAB Harmony v3

This example uses the MPLAB Harmony v3 PLIB drivers. To use the DMA feature of the ADC in MPLAB Harmony
v3, CSP version 3.10 or later is required. For additional information on downloading MPLAB Harmony v3 and
creating a MPLAB Harmony v3 project, refer to the “MPLAB® Harmony v3 Configurator Overview” which is available
for download at: https://microchipdeveloper.com/harmony3:mhc-overview.

The following example will use Timer3 to trigger the ADCO, ADC1, and ADC2 in scanning mode. The DMA is
configured for all the three ADCs with the buffer length equal to four.

1. Inthe MPLAB Harmony Configurator, select Tools > Pin Configuration. The Pin Table Window will be
displayed. Configure the required ADC pins.

2. After choosing the ADC pins to be used, in the Available Components list, double-click and add ADCHS and
TIMER3 modules to the MPLAB Harmony v3 configurator.

3. To configure the main characteristics of the ADC module, from the Tools menu, select ADCHS Configuration.

Figure 2-1. ADC Pins Configuration and Adding ADCHS and TIMER
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4. Inthe ADCHS Easy View, each ADC can be configured by selecting its respective tabs.
5. For each ADC, select Channel Enable.
6. Foreach ADC, select Input Scan.
7. Choose and select the channel.
8. To trigger the ADC in scanning mode, for the Trigger Source, choose Scan trigger.
9. The scanning operation also needs a trigger source to be selected.
10. For the SCAN Trigger Source, choose General Purpose Timer3.
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Figure 2-2. ADCHS Configuration
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11. After the main parameters of the ADCs have been configured, the DMA parameters for the ADCHS can be
configured from the Configurations Options section by selecting the ADCHS module.
Note: All the parameters that can be configured in the ADCHS Easy View can also be accessed from the
Configurations Options section.

12. Expand ADCHS > ADCHS Configuration, and then select Enable Storing of Sample Count in DMA buffer.

13. For DMA to System RAM Buffer Length Size bit, choose Allocate 4 locations in system memory to each analog
input.

14. Expand Module Configuration > Dedicated ADC modules > ADC 0 (For each ADC, perform these actions),
select Enable DMA.

15. For each ADC, select Enable Buffer A Full Interrupt and Enable Buffer B Full Interrupt.
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Figure 2-3. ADC DMA Configuration
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After generating the code, the project will contain the generated peripheral libraries and a main function that
calls the sYS_Initialize function for initializing the peripherals.

The user must perform these actions:

Define the variables which will store the result and counter data.

Call additional APIs for configuring the address of the data buffer.

Call additional APIs for configuring the address of the counter buffer.

Call additional APIs for starting Timer3.

Optionally, if the DMA buffer full interrupts are enabled, a callback function can be configured to be called by
the buffer full notification.

The buffers must be defined as non-cacheable memory for the DMA data to be valid, this can be done using

___COHERENT macro or using the _attribute  ( (coherent)) attribute in front of the variable definition.
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Figure 2-4. ADC DMA Declarations and API Calls

fdefine ADC_CHANNEL_COUNT 3

fdefine ADC_NUMBER OF BUFFERS 2
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$define ADC_DMA_BUFFER A 0

$define ADC_DMA_BUFFER_B 1
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COHERENT uintl €_t adcResultBuffer[ADC_CHANNEL_COUNT] [ADC_NUMBER_OF BUFFERS] [ADC_CHANNEL BUFFER_LENGTH] ;

[/+destination buffer for result counters*/ ] 15
__COHERENT uint8_t adcSampleCntBuffer [ADC_CHANNEL COUNT] [ADC_NUMBER OF BUFFERS] ; r
.

int main ( void )

=k

/* Initialize all modules */
SYS_Initialize ( NULL );

[ ADCHS_DMACallbackRegister (ADC_ResultHandler, (uintptr_ t)NULL); ]4—— 19

( 2pcES_DMASampleCountBaseAddrSet ((uint32_t) KVA_TO_PA(adcSampleCntBuffer)); J—— 16

[ADCHS_DMAResultBaseAddrSet ( (uint32_t) RKVA_TO_PA (adcResultBuffer)); ]4\ 17

E0 ) 18

For a better understanding of how the data is organized in the result and counter buffers, the adcResultBuffer
and adcSampleCntBuffer arrays can be viewed in the Watches window while debugging.

Figure 2-5. ADC Sample Buffer
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Figure 2-6. ADC Result Buffer
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3. References

The following documents are used as reference. For additional information, visit the Microchip Website, or contact a
local Microchip sales Representative.

» The MPLAB Harmony v3 Quick Docs repository provides standalone help pages for users to get started
developing applications on Microchip’s 32-bit SAM and PIC32 MCUs. Start from the index.html file present in
the docs folder.

The online version is available at microchip-mplab-harmony.github.io/quick_docs/.

* MPLAB Harmony Landing page:
www.microchip.com/harmony

* How to Build an Application by Adding a New PLIB, Driver, or Middleware to an Existing MPLAB Harmony v3
Project:
www.microchip.com/DS90003253

*  MPLAB Harmony v3 Developer help page:
microchipdeveloper.com/harmony3:start
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The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

« Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

» Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip products:

* Microchip products meet the specifications contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is secure when used in the intended manner, within operating
specifications, and under normal conditions.

» Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium Copyright
Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly
evolving. Microchip is committed to continuously improving the code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including to design, test,
and integrate Microchip products with your application. Use of this information in any other manner violates these
terms. Information regarding device applications is provided only for your convenience and may be superseded
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by updates. It is your responsibility to ensure that your application meets with your specifications. Contact your
local Microchip sales office for additional support or, obtain additional support at www.microchip.com/en-us/support/
design-help/client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE,
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer's risk, and the buyer agrees
to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights
unless otherwise stated.
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CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, LANCheck, LinkMD,
maXStylus, maXTouch, MedialLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB, OptoLyzer,
PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST,
SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are
registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.
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TrueTime, and ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, Augmented Switching,
BlueSky, BodyCom, Clockstudio, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion,
CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S,
EtherGREEN, GridTime, IdealBridge, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, IntelliMOS,
Inter-Chip Connectivity, JitterBlocker, Knob-on-Display, KoD, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM,
MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM,
PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-
ICE, Serial Quad I/0, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-I.S., storClad, SQI, SuperSwitcher,
SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, Trusted Time, TSHARC, USBCheck, VariSense,
VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of
Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany || GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2022, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.
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Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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