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Channel Sequencing and Context Saving Using the ADC
with Computation and Context Switching Module

Introduction

The Analog-to-Digital Converter with Computation and Context Switching module allows the conversion of an analog
input signal into either a 10-bit or 12-bit binary representation of that signal. The ADC uses analog inputs that are
multiplexed into a single Sample-and-Hold (S/H) circuit. The output of the Sample-and-Hold circuit is connected to
the input of the converter. The converter generates either a 10-bit or 12-bit binary result via successive
approximation, and stores the conversion result into the ADC result registers. The ADC’s computation block provides
hardware-driven computation features, such as averaging or low-pass filtering. The context switching block allows for
up to four analog inputs to be sampled, converted, and have computation features performed automatically, without
the need to reconfigure the ADC registers for each input.

This technical brief will discuss the ADC'’s context switching feature.
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ADC Module Overview

The ADC module consists of three main blocks:

* 10/12-bit Analog-to-Digital Converter (ADC) block

» Computation block

» Context switching block
The ADC block samples and converts an analog input into a 10/12-bit binary representation of the signal. The ADC
block contains the following features:

» Acquisition timer, which allows hardware to track the acquisition time rather than creating a software delay.

» Hardware Capacitive Voltage Divider (CVD) support, which provides a precharge timer, an adjustable Sample-
and-Hold capacitor array and guard rings outputs, which simplifies capacitive touch applications.

» Automatic repeat and sequencing, which provides a double conversion feature for use with CVD.
The computation block performs arithmetic operations on the ADC’s conversion result. The computation block
provides the following features:

» Averaging and low-pass filtering, which is performed in hardware, saving software overhead.

» Reference comparison, which allows the conversion result to be compared to a configurable reference value.

» Two-level threshold comparison, which allows the conversion result to be compared to an upper and/or lower
user-configurable threshold.

» Selectable interrupts, which allows an interrupt to be triggered, depending on the results of the conversion and
computation.

The context switching block allows hardware to perform conversion and computation functions on up to four analog
input channels automatically. The context switching block provides the following features:

» Supports up to four unique channel configurations, with each configuration saved as a context.
» Stop on threshold interrupt during scan.

» Continuous scanning capabilities, which allows hardware to continuously scan through all enabled channels until
software intervention halts scanning.
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Context Saving and Channel Sequencing

The ADC'’s context switching block automates context saving and channel sequencing. The block features a channel
sequencer that reduces software overhead when the ADC is using multiple input channels by storing each channel’s
context in memory. When the sequencer is enabled, module hardware automatically transfers the active channel’s
context from memory into the associated ADC registers and performs the desired conversion.

Channel Context

Channel context refers to the unique set of control, status and data register configurations that define the operation of
the ADC for a specific type of conversion. For example, if the ADC is configured to read input channel ANA2 and
perform for Burst-Average computations, that configuration can be saved as a channel context. Up to four channel
contexts can be configured for sequencing. Context information is stored in duplicated registers located in device
memory and can only be accessed through the A/D Context Selection (ADCTX) register or via Direct Memory Access
(DMA).

Important: The ADC Clock Divider (ADCLK) and ADC Auto-Conversion Trigger Source Selection
(ADACT) registers are not included as part of a channel context. Additionally, the ADC Control Register 0
(ADCONO) is not included as a part of a channel context, with the exception of the ADC Continuous
Operation Enable (CONT) bit.

The conversion clock rate selected by ADCLK and the auto-conversion trigger source selected by ADACT are used
for all contexts. For example, if Context 1 enables the Timer1 overflow as the auto-conversion trigger source, the
Timer1 overflow trigger will be used for all other contexts as well. If user software configures the auto-conversion
trigger to use the Timer0 overflow as the trigger source for Context 2, Context 1 will be reconfigured in hardware to
also use the Timer0 overflow as the trigger source.

ADC Context Registers highlights the registers that are included as part of a channel context.
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Table 2-1. ADC Context Registers

B A T TR R TN

ADCONO(™

ADCON1
ADCON2
ADCON3
ADSTAT
ADREF
ADPCH

ADPRE

ADACQ

ADCAP
ADRPT
ADCNT

ADFLTR

ADRES

ADPREV

ADACC

ADSTPT

ADERR

ADLTH

ADUTH

Note:

7:0
7:0
7:0
7:0
7:0
7:0
7:0
15:8
7:0
15:8
7:0
7:0
7:0
7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8
23:16
7:0
15:8
7:0
15:8
7:0
15:8
7:0
15:8

ON CONT = CSEN
PPOL  IPEN  GPOL DSEN
PSIS CRS[2:0] ACLR MD[2:0]
CALC[2:0] SOl TMD[2:0]
AOV ~ UTHR = LTHR = MATH STAT[2:0]
NREF PREF[1:0]
PCHI5:0]
PRE[7:0]
PRE[12:8]
ADACQ][7:0]
ADACQ[12:8]
CAP[4:0]
RPT[7:0]
CNT[7:0]
FLTR[7:0]
FLTR[15:8]
RES[7:0]
RES[15:8]
PREV[7:0]
PREV[15:8]
ACCI[7:0]
ACC[15:8]
ACC[17:16]
STPT[7:0]
STPT[15:8]
ERR[7:0]
ERR[15:8]
LTH[7:0]
LTH[15:8]
UTH[7:0]
UTH[15:8]

1. The ADCONO register is not included as part of a channel context with the exception of bit 6 (CONT).
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The A/D Context Selection (ADCTX) register selects the context number that will be given read/write access. The A/D
Context Display Select bit (CTXSW) is used to determine the read/write status of the A/D Channel Context Selection
bits (CTX), which are used to determine the channel context number.

When CTXSW is set (CTXSW = 1), the CTX bits display the context number the sequencer is currently scanning, or
the context number that was active when the sequencer stopped scanning due to a context threshold interrupt.

Important: When CTXSW is set, the CTX bits are read-only and should only be read while context
sequencing is enabled (CSEN = 1).

When CTXSW is clear (CTXSW = 0), the CTX bits display the context number as selected by user software. Any
context can be selected by writing the CTX bits with the desired context number.

Context Configuration
The following steps are used to configure channel context via the ADCTX register:

1. Write the desired context number into the CTX bits; hardware automatically clears CTXSW.
2. Configure all desired ADC registers (e.g., ADCON1, ADCONZ2, etc.).
3. Repeat steps 1 and 2 until all channel contexts have been configured.

Remember: The context number is always one number greater than the value written into the CTX bits.
' ¥ For example, when the CTX bits are written with zero (CTX = 0), Context 1 is in view.

Once the context number has been written into the CTX bits, the selected channel context is available for software
access. After each ADC register is configured, the register value is copied into the associated context register.

Data can also be read from the ADC’s data registers (ADFLTR, ADRES, etc.) using the same steps above. Rather
than configuring the desired ADC registers in step 2, user software can instead read data from the desired data
registers.

It is highly recommended to verify that the STAT bits of the ADSTAT register are clear (STAT = 0) before
changing any context registers. Modifying context registers during an active conversion may lead to data
corruption.

/A\WARNING
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2111 Context Configuration Example

The code example below illustrates the configuration of four channel contexts.

Example 2-1. Configuring Channel Context

void configADCContext (void)

{
// Configure ADC registers for Context 1

ADCTX = 0x00; //
ADLTHL = 0x10; //
ADLTHH = 0x27;

ADUTHL = OxES8; //
ADUTHH = 0x03;

ADSTPTL = 0x00; //
ADSTPTH = 0x00;

ADACCU = 0x00;

ADRPT = 0x10; //
ADPCH = 0x00; //
ADCON1 = 0x00;

ADCON2 = 0x01; //
ADCON3 = 0x04;

ADSTAT = 0x00;

ADREF = 0x00; //
ADCONO = 0x04; //

// Configure ADC registers for Context 2

ADCTX = 0x01; //
ADLTHL = OxF4; //
ADLTHH = 0x01;
ADUTHL = 0x88; //
ADUTHH = 0x13;
ADSTPTL = 0x00; //
ADSTPTH = 0x00;
ADACCU = 0x00;
ADRPT = 0x20; //
ADPCH = 0x01; //
ADCON1 = 0x00;
ADCON2 = 0x52; //
ADCON3 = 0x04;
ADSTAT = 0x00;
ADREF = 0x00; //
ADCONO = 0x04; //

// Configure ADC registers for Context 3

ADCTX = 0x02; //
ADLTHL = OxF4; //
ADLTHH = 0x01;
ADUTHL = 0x88; //
ADUTHH = 0x13;
ADSTPTL = 0x00; //
ADSTPTH = 0x00;
ADACCU = 0x00;
ADRPT = 0x20; //
ADPCH = 0x02; //
ADCON1 = 0x00;
ADCON2 = 0x53; //
ADCON3 = 0x04;
ADSTAT = 0x00;
ADREF = 0x00; //
ADCONO = 0x04; //

// Configure ADC registers for Context 4

ADCTX = 0x03; //
ADLTHL = 0x00;
ADLTHH = 0x00;
ADUTHL = 0x00;
ADUTHH = 0x00;
ADSTPTL = 0x00;
ADSTPTH = 0x00;
ADACCU = 0x00;
ADRPT = 0x04;
ADPCH = 0x03;
ADCON1 = 0x00;

Select Context 1
Lower thresh = 1000
Upper thresh = 10,000

Setpoint = 0
Accum 16 samples
PCH ANAO
Accumulate mode

NREF VSS; PREF VDD
CONT = 0

Select Context 2
Lower thresh = 500
Upper thresh = 5000
Setpoint = 0
Accumulate 32 samples

PCH ANA

AVG mode; CRS = /32

NREF VSS; PREF VDD
CONT = 0

Select Context 3
Lower thresh = 500
Upper thresh = 5000

Setpoint = 0

Accum 32 samples

PCH ANA2
Burst_AVG; CRS = /32
NREF VSS; PREF VDD

CONT = 0

Select Context 4

// PCH ANA3
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ADCON2 = 0x24 // LPF mode; CRS = 2
ADCON3 = 0x57 // Context 4 int always
ADSTAT = 0x00

ADREF = 0x00 // NREF VSS; PREF VDD
ADCONO = 0x04 // CONT = 0

// Rpply to all context

ADACT = 0x00 // No ACT

ADCLK = 0x00 // ADCS FOSC/2

ADCONO = 0x84 // Enable ADC

PIR2bits.ADCH1IF
PIR2bits.ADCH2IF
PIR2bits.ADCH3IF
PIR2bits.ADCH4IF
PIE2bits.ADCH1IE
PIE2bits.ADCH2IE
PIE2bits.ADCH3IE
PIE2bits.ADCH4IE

// Clear interrupt flags

// Enable Thresh ints

PrRrRPrPRPROOOO

21.1.2 DMA Access
The Direct Memory Access (DMA) module can be used to access the context registers as an alternative to using the
ADCTX register. Each set of context registers are mirrored into an area of memory that can only be accessed through
the DMA Source and Destination Address registers. These registers are flat-mapped, meaning that all of the register
addresses are sequential. The sequential addressing allows the DMA to read/write a single register within a context,
all the registers within a single context or all contexts. For example, user software may load the DMA Source Address
register with context 2's ADRESL register address, configure the source pointer to increment after each transfer, and
load the DMA Destination register with the UART’s Transmit Buffer’s address. In this example, the DMA will read
context 2's ADRES register pair and transmit the value over the UART.

For information on configuring and using the DMA module, please refer to the applicable device data sheet.

2.2 Channel Sequencer

The channel sequencer automatically performs the operations defined by each channel context. The channel
sequencer is enabled when the Context Scan Enable bit (CSEN) is set (CSEN = 1), and the scan sequence is
executed when the GO bit is set by software or by the reception of an auto-conversion trigger.

The sequence includes all channel contexts that are enabled via the context’s Channel Scan Enable bit (CHEN). A
context channel is included in the scan sequence when the CHEN bit is set (CHEN = 1). If all context channels’
CHEN bits are clear (CHEN = 0), the GO bit remains set, but no conversions or interrupts will occur.

A sequence always begins with Context 1, as long as its CHEN bit is enabled. If Context 1°'s CONT bit is set (CONT =
1), the sequencer will scan Context 1 and continue scanning until the threshold test invokes the ADC Channel
Threshold Interrupt flag (ADCHXxIF). If the ADC Stop On Interrupt bit (SOI) is set (SOI = 1) and the channel threshold
interrupt occurs, the scanner will proceed to check Context 1's ADC Scan Stop On Interrupt bit (SSI) to determine
whether to proceed to the next channel context. If SSl is set (SSI = 1), the scanner will clear the GO bit and the
scanner will stop. If the SSI bit is clear (SSI = 0), the scanner proceeds to the next channel context that has the
CHEN bit set.

If Context 1’s CONT bit is set, the SOI bit is clear (SOI = 0) and the scanner will repeatedly scan Context 1 until
software clears the GO bit.

Important: If a context's CONT bit is set and both the SOI and SSI bits are clear, the scanner will
repeatedly scan that context indefinitely without scanning any further channels. Software must clear GO to
stop the scanner.

If Context 1’'s CONT bit is clear (CONT = 0), the sequencer will scan Context 1. When the conversion completes, the
channel threshold test is performed. If ADCH1IF is set, the sequencer checks Context 1's SSI bit to determine
whether to proceed to the next channel context. If SSI is set, the sequencer clears GO and the scanner stops. If the
SSiI bit is clear, the sequencer will proceed to the next channel that has the CHEN bit set.

© 2020 Microchip Technology Inc. Technical Brief DS90003267A-page 8
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Important: When the CONT bit is clear, the SOI bit is ignored.

The scan sequence ends when any context’s channel threshold interrupt occurs and that context’s SSI bit is set. If
the sequencer has scanned all enabled channels and no interrupt occurs, or no context’s SSI bit is set, the
sequencer will return to Context 1 (or the first enabled channel context) and repeat the scanning process until
software clears the GO bit.

Important: The final channel in a sequence should set the Threshold Interrupt Mode Select (TMD) bits to
“Interrupt regardless of the threshold test results” (TMD = 111) and set the SSI bit. These settings ensure
that the scanner stops after the scan sequence has completed.

Figure 2-1 illustrates the operation of the channel sequencer.

Figure 2-1. Channel Sequencer Operation

GO=1

Y

ADCSIELl’.) NO NO NO GO=1 "
CHEN =17 Scan ends
YES YES
YES |=
r
Perform Getnext |
> ADC - Context
Operation®

Contextm
SOl =17

Contextm
CONT =17

Contextm
CONT =172

Scan ends

YES

Notes:
1. If all channels are disabled (ADCSEL[0..3].CHEN = 0), the scanner stops, but the GO bit remains set. No

interrupts will occur. If software relies on a hardware clear of GO to continue code execution, the program will
stall indefinitely.

2. ADC computation modes (Average, Burst-Average, etc.) are included in the ‘Perform ADC Operation’ block.
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Channel Sequencer Configuration Examples

The following code examples illustrate the configuration of the channel sequencer. The first example uses software to
set the GO bit and perform one complete sequence, while the second uses an auto-conversion trigger to perform
sequences at a timed interval. Both examples scan Contexts 1, 2 and 4, while skipping Context 3.

Example 2-2. Software Sets GO

void scanOnce (void)

{

configScanl24 () ; // Configure sequencer
ADCONObits.ON = 1; // Enable the ADC
ADCONObits.GO = 1; // Software starts the sequencer
}
void configScanl24 (void)
{
configADCContext () ; // Configure channel contexts
ADCSEL1.CHEN = 1; // Enable Context 1
ADCSEL1.SSI = 0; // Don't stop on interrupt
ADCSEL2.CHEN = 1; // Enable Context 2
ADCSEL2.SSI = 0; // Don't stop on interrupt
ADCSEL3.CHEN = 0; // Context 3 not included in scan
ADCSEL3.SSI = 0; // Don't stop on interrupt
ADCSEL4 .CHEN = 0; // Enable Context 4
ADCSEL4.SSI = 1; // Stop scan on last context
ADCTX = 0x03; // Select Context 4
ADCON3bits.TMD = 0bl1l; // Interrupt regardless of test results
ADCONObits.CSEN = 1; // Enable the sequencer

Example 2-3. Auto-Conversion Trigger Sets GO

void main (void)

{

TMR1 Initialize(); // Configure TMR1

configScanl24() ; // Configure sequencer

ADACT = TMR1_ overflow; // TMR1 is Auto-Conversion trigger
ADCONObits.ON = 1; // Enable the ADC

T1CONbits.ON = 1; // Start TMR1

while (1)

{
}

// wait for ADCHA4IF = 1 and service ISR

Tips
When using the context switching feature, there are a few things to consider:

» If a channel is configured for use in Low-Pass Filter mode, it is important to understand the effects that the RPT
and CRS bits have on the filtered output. If the RPT value is high, it will take more time before the threshold
interrupt occurs. If other channels are enabled for sequencing, and require conversion results to be obtained
quickly, it may make sense to remove the LPF channel from the scan sequence.

» If the sequencer is configured such that it repeatedly scans all enabled channels without clearing the GO bit,
only the most recent data is kept in the result registers. If data is required each time the scanner sequences
through the enabled channels, the threshold interrupt should be configured to interrupt on the last enabled
channel, regardless of the threshold test results. The SSI bit for that channel must also be set.

© 2020 Microchip Technology Inc. Technical Brief DS90003267A-page 10
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Conclusion

The ADC'’s context feature automates context saving and channel sequencing. Up to four channels can be configured
independently, with each channel’s register configuration saved as a context in program memory. The context feature
saves software overhead by eliminating the need to reconfigure the ADC registers each time a new channel is
selected. Once the sequencer has completed scanning the enabled channels, the results can be read either through
the ADC Context Selection (ADCTX) register or the DMA.
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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 devices:

» 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 and under normal
conditions.

* There are dishonest and possibly illegal methods being used in attempts to breach the code protection features
of the Microchip devices. We believe that these methods require using the Microchip products in a manner
outside the operating specifications contained in Microchip’s Data Sheets. Attempts to breach these code
protection features, most likely, cannot be accomplished without violating Microchip’s intellectual property rights.

» Microchip is willing to work with any customer who is concerned about the integrity of its code.

» 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. We at Microchip are committed to continuously improving the code protection features of our products.
Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act.
If such acts allow unauthorized access to your software or other copyrighted work, you may have a right to sue
for relief under that Act.
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Legal Notice

Information contained in this publication is provided for the sole purpose of designing with and using Microchip
products. Information regarding device applications and the like is provided only for your convenience and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS 1S”. 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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Quality Management System

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