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1 Introduction

The Kinetis K series of microcontrollers offers an analog-to-
digital controller (ADC) that supports up to two input channels
through its built-in Scan mode. The channel number is defined
by the ADCx_SCA and ADCx_SCB registers, and the
conversion results are available, after conversion, in the
ADCx_RA and ADCx_RB registers. The Kinetis K series of
microcontrollers also offers a powerful and complex DMA
periphery (with up to 16 channels) that can be combined with
the ADC to allow the scanning of more than two channels.
This application note describes how to combine the ADC and
DMA into a powerful and flexible periphery supplying a
resultant data stream into SRAM from any ADC input.

2 Implementation detail

2.1 DMA transfer terminology

The following terms are used in this application note's
discussion of DMA transfers:

* In a minor loop, one transfer group is started for each
request. A minor loop can transfer from 1 to 4 GB of
basic units. The basic transfer unit is 8 bits.So, for 16-bit
data, one minor loop supports two transfers.
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unpiementation detail

* A major loop chains multiple minor loops together. A major loop can modify source and destination addresses; it can
also support a circular buffer mode after the major loop has finished. The end of a major loop transfer can be handled
asynchronously by an interrupt request. A half transfer finish can also be handled by an interrupt. A combination of
half-transfer and full-transfer finishes can be implemented using a double-buffer principle.

 Linking is a special eEDMA feature for chaining more than one DMA channel. Linking channels allows you to start
more than one transfer with a single request by defining a sequence of channels to be converted. The request starts the
transfer on one DMA channel, and when that channel finishes, the transfer on the next channel starts. Channel linking
is defined separately for major and minor loop finishes.

2.2 Flexible Scan mode process

ADC Flexible Scan mode requires two DMA channels for one ADC converter. DMA channel 1, with a higher priority,
transfers the resultant ADC data from the ADCx_RA register to a memory buffer in the SRAM. DMA channel 0, with a
lower priority, transfers a future ADC channel setting (input multiplexer channel and single end/differential mode) from the
constant buffer, which could be placed in SRAM or flash memory. The following steps occur in Flexible Scan mode:

1. The conversion complete flag ADCxSC1A.COCO requests a DMA transfer for channel 1.
2. The channel 1 transfer finishes and the resulting value is transferred to the SRAM buffer.
3. Since channel 1 is linked to channel O, the channel 1 finish requests a transfer start on channel 0.

ADCO address space . SRAM address space

SRAM ui_adc_result[0]
: : SRAM  ui_adc_resulf[1]
ADCO0.COCO RN SRAM ui_adc_result[2]
Transfer request SRAM ui_adc_resuli[3]
SRAM  ui_adc_result[4]

0x4003 B010 ADCO_RA

SRAM ui_adc_result[15] |

| 0x4003B000  ADCO_SC1A SRAM _uc_adc_mux[0]

‘ SRAM uc_adc_mux[1]
DMA.CH1 link : SRAM uc_adc_mux[2]

Transfer request

......................................................................................................................................

Figure 1. Data flow between periphery and SRAM
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Example

2.3 DMA special settings

2.3.1 Channel priority

DMA channel priority settings are important because in ADC software trigger mode, conversion is started by a write to
ADCn_SCI1A; thus, the resultant data must be read first and then followed by a write of the next channel setting, because
writing to the ADC starts the next conversion. DMA channel 1 is used to transfer ADC result data to the SRAM buffer. DMA
channel O is used to change the ADC input mux.

2.3.2 Major and minor loop linking

Single scan mode (only one measurement from some ADC channels is required) should use only minor loop linking. This is
defined in the DMA_TCDx_BITER_ELINKNO and DMA_TCDx_CITER_ELINKNO registers.

Continuous scan mode (circular measurement from some ADC channels is required) needs to use both major and minor loop
linking. This is defined in the DMA_TCDx_BITER_ELINKNO, DMA_TCDx_CITER_ELINKNO, and DMA_TCD1_CSR
registers. It is necessary for continuous scan mode to use both major and minor loop linking because there is no generation of
a minor loop finish request after a major loop finish.

3 Example

This example uses the Freescale TRW-K60N512 development board and IAR Embedded Workbench® version 6.30.1.3142
as its test environment.

3.1 Example process flow

The example code that accompanies this application note demonstrates a continuous scan conversion from three ADC
channels.

¢ Each channel is measured four times, so the SRAM result buffer size is 3 x 4 = 12 (the real buffer size is 16, to
demonstrate that only 12 data field parts are written).

* The ADC works in hardware trigger mode, with the PDB timer serving as the trigger source.

* Scanning is executed in continuous mode; thus, after a major loop has finished, the result buffer pointer address_0 is
reloaded and the conversion begins again from the start buffer address.
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Figure 2. Example process flow
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3.2 Functions in the main file

SIM_Init Initialize clocks and oscillator

FLL_Init FLL periphery initialization

VREF_Init Voltage reference initialization

PDBCHOTRGO_Init PDB channel 0 initialization for hardware trigger ADCO
PDB_Init Common PDB initialization

ADC_ExecCalib Internal calibration procedure for ADCO

ADC_Init ADCO initialization

DMACHO_CH1_init DMA channel 0 and channel 1 initialization

3.3 DMA channel initialization

Channel 1 transfers ADCO result data from ADCO _RA to SRAM buffer.

//***************************************************************

//**** DMA transfer request source - ADCO conversion complete
//***************************************************************

DMAMUX CHCFG1 = DMAMUX _CHCFG_ENBL |DMAMUX CHCFG_ SOURCE (28) ;

//***************************************************************

//**** Source address, ADCO_RA
//***************************************************************

DMA TCD1l_ SADDR = (uint32) &ADCO RA;
[/ Fr kI xRk kkkkkkkkkkkkkhkkkkkkhkkkkk ok khkhkkhkk ok kk kA kkhkhkkk k%

//**** Source address increment; data is still read for the same address,

//***************************************************************

DMA TDC1l_ SOFF = 0x00;

//***************************************************************

//**** Source address reload after major loop finishes, no reload needed

F R R e
DMA TDC1l_ SLAST = 0x00;

//***************************************************************

//****x Destination address, SRAM buffer [0]
//***************************************************************

DMA TDC1 DADDR = (uint32)&ui adc_result[0];
//***************************************************************
//**** Destination address increment in bytes, increment for next
//**** 16 bit => 2 bytes
//***************************************************************

DMA TDC1 DOFF = 0x02;

//***************************************************************

//**** Destination address reload after major loop finishes,

buffer address

Example

no increment needed

//**** must be subtracted from last pointer value, sample number is 12 each and 2 bytes long,

//****x 2 x 12 = 24 and must be subtract -24

//***************************************************************

DMA TDC1l DLASTSGA = -24;
[/ FrEEE KRk kkkkk ok kkkkkkhkkkkkkhkkkkkkhkkkhkkhkk ok kkkkkkhkhkkk k%

//**** Number of bytes for minor loop (one data transfer), ADCO result is 16 bits long,

//****x 2-byte transfer
//***************************************************************

DMA TDC1l NBYTES MLO = 0x02;

//***************************************************************

//**** Channel linking and major loop setting, linking after minor loop is enabled to

//**** channel 0 (0x0000), major loop transfers number 12 (0x0C)

Using DMA to Emulate ADC Flexible Scan Mode on Kinetis K Series, Rev. 0, 9/2012
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//***************************************************************

DMA_TDC1 BITER _ELONKNO = (DMA BITER ELINKNO ELINK MASK|0x0000|0x0C) ;

//***************************************************************

//**** Channel linking and major loop setting reload value after major loop finishes,
//**** linking after minor loop is enabled, major loop transfers number 12 (0x0C).
//***************************************************************

DMA TDC1 CITER ELONKNO = (DMA CITER ELINKNO ELINK MASK|O0x0C) ;

//***************************************************************

//**** Source and destination data width specification, both source and destination is 16-bit
//***************************************************************

DMA_TDC1 ATTR = DMA_ATTR_SSIZE(1)| DMA ATTR_SDIZE(1);

//***************************************************************

//***%* Common channel setting, linking after major loop enable to channel O,

//**** IRQ request 1s generated after major loop complete

//***************************************************************

DMA TDC1_CSR = (DMA_CSR_MAJORLINKCH (0) |DMA_CSR_MAJORLINCH MASK |
DMA CSR_INTMAJOR MASK) ;

Channel 0 transfers next ADCO input setting from constant buffer to ADCO_SC1A.

//***************************************************************

//**** DMA transfer request source - always requestor
//***************************************************************
DMAMUX CHCFGO = DMAMUX _CHCFG_ ENBL |DMAMUX CHCFG SOURCE (36) ;

//***************************************************************

//**** Source address, constant buffer in SRAM
//***************************************************************

DMA_TCD1_SADDR = (uint32) &uc_adc mux[0];
//***************************************************************

//**** Source address increment, data is 8-bit, 1 byte
//***************************************************************

DMA TDC1_ SOFF = 0x01;
//***************************************************************

//***%* Source address reload after major loop finish, must be subtracted from last
//**** pointer value, sampling channel number is 3 each and 1 byte long, 1 x 3 = 3
//**** and must be subtract -3
//***************************************************************

DMA TDC1l_ SLAST = -3;

//***************************************************************

//**** Destination address, ADCO control register
//***************************************************************

DMA TDC1_ DADDR = (uint32) &ADCO_SCI1A;

//***************************************************************

//**** Destination address increment in bytes, no increment needed
//***************************************************************

DMA TDC1l DOFF = 0x00;

//***************************************************************

//**** Destination address reload after major loop finish, no address reload needed
//***************************************************************

DMA TDC1 DLASTSGA = 0x00;

//***************************************************************

//**** Number of bytes for minor loop (one data transfer), ADCO input setting value is

//**** 8 bits long, so l-byte transfer
//***************************************************************

DMA TDC1l NBYTES MLO = 0x01;

//***************************************************************

//**** Channel linking and major loop setting, no linking after minor loop,

//**** major loop transfers number 0x03
//***************************************************************

DMA_TDC1 BITER ELONKNO = (DMA BITER ELINKNO ELINK MASK|0x0000 |0x0C) ;

//***************************************************************

//**** Channel linking and major loop setting reload value after major loop finish,

//**** no linking after minor loop, major loop transfers number 0x03
//***************************************************************
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Example
DMA TDC1l_CITER_ELONKNO = (DMA CITER_ ELINKNO ELINK MASK|0xO0C) ;

//***************************************************************

//**** Source and destination data width specification, both source and destination are 8-bit
//***************************************************************

DMA_TDC1 ATTR = DMA ATTR_SSIZE(1)| DMA ATTR SDIZE (1) ;

//***************************************************************

//**** Common channel setting, no linking after major loop, no IRQ request enable
//***************************************************************

DMA TDC1l CSR = 0x00;
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Freescale Semiconductor, Inc. 7



g |

How to Reach Us:

Home Page:
www.freescale.com

Web Support:
http://www.freescale.com/support

USA/Europe or Locations Not Listed:
Freescale Semiconductor

Technical Information Center, EL516

2100 East Elliot Road

Tempe, Arizona 85284

+1-800-521-6274 or +1-480-768-2130
www.freescale.com/support

Europe, Middle East, and Africa:
Freescale Halbleiter Deutschland GmbH
Technical Information Center
Schatzbogen 7

81829 Muenchen, Germany

+44 1296 380 456 (English)

+46 8 52200080 (English)

+49 89 92103 559 (German)

+33 1 69 35 48 48 (French)
www.freescale.com/support

Japan:

Freescale Semiconductor Japan Ltd.
Headquarters

ARCO Tower 15F

1-8-1, Shimo-Meguro, Meguro-ku,
Tokyo 153-0064

Japan

0120 191014 or +81 3 5437 9125
support.japan @freescale.com

Asia/Pacific:

Freescale Semiconductor China Ltd.
Exchange Building 23F

No. 118 Jianguo Road

Chaoyang District

Beijing 100022

China

+86 10 5879 8000

support.asia @freescale.com

Document Number: AN4590
Rev. 0, 9/2012

Information in this document is provided solely to enable system and software
implementers to use Freescale Semiconductors products. There are no express or implied
copyright licenses granted hereunder to design or fabricate any integrated circuits or
integrated circuits based on the information in this document.

Freescale Semiconductor reserves the right to make changes without further notice to any
products herein. Freescale Semiconductor makes no warranty, representation, or
guarantee regarding the suitability of its products for any particular purpose, nor does
Freescale Semiconductor assume any liability arising out of the application or use of any
product or circuit, and specifically disclaims any liability, including without limitation
consequential or incidental damages. "Typical" parameters that may be provided in
Freescale Semiconductor data sheets and/or specifications can and do vary in different
applications and actual performance may vary over time. All operating parameters,
including "Typicals", must be validated for each customer application by customer's
technical experts. Freescale Semiconductor does not convey any license under its patent
rights nor the rights of others. Freescale Semiconductor products are not designed,
intended, or authorized for use as components in systems intended for surgical implant
into the body, or other applications intended to support or sustain life, or for any other
application in which failure of the Freescale Semiconductor product could create a
situation where personal injury or death may occur. Should Buyer purchase or use
Freescale Semiconductor products for any such unintended or unauthorized application,
Buyer shall indemnify Freescale Semiconductor and its officers, employees, subsidiaries,
affiliates, and distributors harmless against all claims, costs, damages, and expenses, and
reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury
or death associated with such unintended or unauthorized use, even if such claims alleges
that Freescale Semiconductor was negligent regarding the design or manufacture of

the part.

RoHS-compliant and/or Pb-free versions of Freescale products have the functionality and
electrical characteristics as their non-RoHS-complaint and/or non-Pb-free counterparts.
For further information, see http://www .freescale.com or contact your Freescale

sales representative.

For information on Freescale's Environmental Products program, go to
http://www.freescale.com/epp.

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc.
All other product or service names are the property of their respective owners.

© 2012 Freescale Semiconductor, Inc.

Yol
v}
oc
o
=
<)
-
| |

>
%
K4

2/

Z“ freescale



	Introduction
	Implementation detail
	DMA transfer terminology
	Flexible Scan mode process
	DMA special settings
	Channel priority
	Major and minor loop linking


	Example
	Example process flow
	Functions in the main file
	DMA channel initialization


