MICROCHIP TB3198

Capacitive Voltage Divider (CVD) Operation on
8-Bit PIC® Microcontrollers

Introduction

Author: Jason Layton, Microchip Technology Inc.

Microchip’s Analog-to-Digital Converter with Computation (ADC?2) allows users to quickly and easily
capture relative capacitance measurements on an analog pin by implementing the Capacitive Voltage
Divider (CVD) feature. The internal sample and hold capacitor is utilized as a reference to an external
conductive sensor during an ADC? acquisition. This feature of the ADC? can be used to simplify
applications that implement capacitive touch or proximity sensing by reducing the amount of software
needed, as well as lowering CPU overhead required for this functionality. The purpose of this technical
brief is to give an overview of how to implement the CVD hardware included on the ADC2 module and
describe the basic operation and configuration of the CVD feature.
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CVD Overview

The CVD feature of the ADC? was developed to require only an Analog-to-Digital Converter and a very
minimal amount of software to measure the capacitance of a pin connected to an external conductive
sensor, such as a metal pad. By integrating the hardware needed for CVD sensing into the ADC2 module,
the need for external hardware and complex digital filtering is eliminated. Users can add capacitive touch
and proximity sensing functionality into their application quickly without the need for external hardware or
signal processing. The CVD allows the environmental changes around a capacitive sensor tied to an
analog channel to be read and converted to a digital value by the ADC2. The results of the ADC?2
conversion from the CVD reading can be easily processed and used by the PIC microcontroller.

CVD Operation

The ADC? module must be configured appropriately to utilize the internal capacitive voltage divider
hardware to sense the capacitance on an analog channel. The CVD uses the internal ADC2 sample and
hold capacitor (CnoLp) to form a voltage divider with an external conductive sensor. Through a series of
steps, this allows the ADC? to capture the voltage on Cyop, Which is directly related to the capacitance
of the sensor tied to the channel. The internal ADC2 sample and hold capacitance value may vary
between devices, so it is important to refer to the device data sheet to verify specific electrical
specifications. Figure 1-2 shows the waveform for a differential CVD measurement.

CVD operation begins with CyoLp being disconnected from the path that connects it to the capacitive
sensor. Doing this allows each capacitive component to be precharged to a known voltage level (Vpp or
Vss). When the precharge stage is complete, the acquisition stage of the CVD operation can begin. At
this time, the path that connects Co| p to the external sensor is reconnected, allowing the voltage level
between the two capacitive components to equally distribute. When Cop and the external conductive
sensor are connected, a capacitive voltage divider is created. The ADC? can then be used to measure
the voltage level of Cop and determine the capacitance of the channel.

Figure 1-1. Hardware Capacitive Voltage Divider Block Diagram
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CVD Overview
Figure 1-2. Differential CVD Measurement Waveform
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The CVD feature allows users to quickly configure the ADC2 module to be used for capacitive sensing
applications in software. The registers associated with the configuration of the CVD are listed below.

ADC Precharge Polarity (ADCON1)

13-Bit ADC Precharge Time (ADPREL/H)

ADC Acquisition Time (ADACQL/H)

Additional Sample and Hold Capacitor configuration (ADCAP)
Guard Ring Outputs and Polarity (ADCON1)
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ADC?2 and CVD Configuration

With the CVD being an integrated feature of the ADC2 module, it is important to make sure that the ADC2
is properly configured for use. The first step is to ensure that the 1/O pin is configured correctly. The
output driver on that port must be disabled by setting the corresponding bit in the TRISx register and
configuring the pin as an analog channel by setting the corresponding bit in the ANSELX register. Once
this has been completed, the next step is to configure the ADC? module. Refer to Microchip’s ADC2
Technical Brief (TB3146) or the device data sheet for more specific information about configuration of the
ADC2. A few key settings are mentioned below:

«  ADC?Z Conversion Clock Selection (ADCLK/ADCON)
* Voltage Reference Selection (ADPREF/ADNREF)

* Analog Channel Selection (ADPCH)

*  Enable/Turn on ADC Module (ADCON)

The next step is to configure the CVD specific registers in the ADC2 module. These are covered in more
detail later in this technical brief, however, it is important to remember to set up precharge control,
acquisition control, additional sample and hold capacitance and the guard ring circuit. The CVD feature
offers the ability to choose where the previous sample input select bits come from by setting the PSIS bit
of the ADCON register.

CVD Precharge Control

CVD operation begins with an optional precharge state, where the external capacitive sensor and the
internal CoLp capacitor are charged to known and opposite voltage levels (either Vgg or Vpp). The user
needs to ensure that both sensors have enough time to charge completely to a known voltage level to
ensure an accurate reading from the external sensor. The amount of time allocated for the precharge
stage is determined by the value written to the corresponding precharge timer register (ADPRE).
Reference the device data sheet to determine the size of the precharge timer register. The precharge
polarity of the internal sample and hold capacitor and external sensor on the configured analog pin is
determined by the value written to the PPOL bit of the appropriate ADCON register.

CVD operation can either be configured to perform one conversion for each trigger, or two conversions
for each trigger (differential CVD). Double sampling can be enabled by setting the DSEN bit of the
appropriate ADCON register. When performing a differential CVD operation, the A/D Inverted Precharge
bit should be enabled (IPEN = 1) to configure the precharge and guard signals in the second conversion
cycle to precharge opposite of what was done for the first conversion. It is also important to determine the
guard ring polarity during the precharge stage by setting the GPOL bit of the ADCON register. Refer to
Example 2-1, which demonstrates the initialization of the appropriate ADC? registers to set up the
precharge stage during a CVD operation. Refer to 3.1 Guard Ring Circuit for more information on the
Guard Ring Circuit.

CVD Acquisition Control

Once Chop and the external capacitive sensor are precharged to opposite known voltages, the line
between the two is connected, effectively forming a capacitive voltage divider. The reconnection of Cyop
and the external sensor that forms the voltage divider signifies the beginning of the acquisition stage.
During the acquisition stage, the previously opposite voltage levels between the two will equalize to a
middle value based upon the relationship of Cyg p and the external capacitance on the sensor. After the
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acquisition stage, the ADC?2 samples the voltage level of Cp, p, Which represents the relative
capacitance measured on the analog channel.

The acquisition stage of the CVD operation is an optional period to allow Cyg p to charge or discharge
from the selected analog channel before the ADC? collects the sample. The ADC2 module offers the
flexibility to set the acquisition time during CVD operation to allow charge averaging between the
precharged channel and the C o p capacitor. The user can control the acquisition time (charge share
time) by writing to the ADACQL/H register pair. For the ADC? to meet the specified accuracy, CpoLp must
be allowed to fully charge to the analog input channel voltage level. There are several things that can
influence the minimum required time for acquisition. Refer to the device data sheet for more information
about ADC acquisition requirements. Example 2-2 demonstrates how to configure the acquisition time for
CVD operation using the PIC18F25K42 microcontroller. Example 2-3 provides an example of how the
one would perform a CVD measurement using the ADC module. Note that minor changes may need to
be made for this example to work on other PIC devices with this CVD feature.

Example 2-1. ADC Module Setup for CVD Measurement

// ADCC & CVD Initialize

ADRPT = O0x1F; // ADC Repeat Threshold Bits;

ADACQL 0x0A; // ADC Acquisition Time Control Register (Low);
ADACQH 0x00; // ADC Acquisition Time Control Register (High);
ADCAP = 0x00; // Additional Sample and Hold Capacitance;

ADPREL = 0x0A; // ADC Pre-charge Time Control Register (Low);
ADPREH = 0x00; // ADC Pre-charge Time Control Register (High) ;
ADCON1 = 0x00; // ADC Control Register 1;
// ADCONlbits.PPOL = Precharge Polarity Bit;
// ADCONlbits.IPEN = ADC Inverted Precharge Polarity Enable Bit;
// ADCONlbits.GPOL = Guard Ring Polarity Selection Bit;
// ADCONlbits.DSEN = Double Sample Enable Bit;
ADCON2 = 0xD3; // ADC Control Register 2;
ADCON3 = 0x00; // ADC Control Register 3;
ADREF = 0x00; // ADC Voltage Reference Selection Register;
ADCLK = 0x00; // ADC Clock Selection Register;
ADCONO = 0x84; // ADC Control Register 0;
ADACT = 0x00; // ADC Auto Conversion Trigger Control Register;
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Additional Sample and Hold Capacitance

A unique feature of the integrated CVD hardware is the software adjustable additional capacitance that
can be added in parallel with Cygop. The user can add an additional 1-31 pF by writing to the ADCAP
register. Refer to the device data sheet for the specific register values and the corresponding added
capacitance. In the event where the ADCAP register is left empty, no additional capacitance will be
added. The additional capacitance is only connected during the precharge and acquisition stages and
does not affect ADC? performance or timing. When used in CVD applications this feature allows the user
to better match the internal sample capacitance to the external conductive sensor. Matching the internal
and external capacitance can help improve sensitivity and performance of the sensor. Refer to Example
2-1, which shows how to add additional sample and hold capacitance.

Guard Ring Circuit

The ADC?2 module features a guard ring circuit that supports the integrated hardware capacitive voltage
divider. In applications where more accuracy is required, the guard ring circuit can be implemented to
increase the accuracy of the external sensor to capacitive changes. High impedance sensors, like
conductive pads that are implemented in many touch applications, can be more susceptible to external
noise. The guard ring circuitry can be used to ground any noise from unexpected changes in the
electromagnetic field that the capacitative sensor may be exposed to. Two digital guard ring outputs
(ADGRDA/ADGRDB) and the associated voltage divider resistors in the circuit are used to drive the
guard ring voltage. The guard ring polarity and precharge are controlled using the GPOL and IPEN bits of
the ADC? configuration registers. The two guard ring pins are configurable using Peripheral Pin Select
(PPS). Refer to the device data sheet for more information regarding the timing and implementation of the
guard ring circuit. Refer to Example 2-1, which shows how the guard ring circuit would be initialized and
configured.
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Conclusion

This technical brief gave an overview of the CVD feature integrated into the ADC? module and explained
how it can be implemented in an application. By utilizing the built-in CVD hardware, the ADC? can
perform relative capacitive measurements on any analog pin by using the internal sample and hold
capacitance as a reference. The CVD offers the flexibility to work with several different types of sensors
and meet the needs of the user. Refer to Microchip’s ADC? Technical Brief (TB3146) as a resource when
configuring the ADC? for CVD functionality. For more information or specifications pertaining to the CVD
refer to the device data sheet.
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

*  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 (FAQ), technical support requests,
online discussion groups, Microchip consultant 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

Customer Change Notification Service

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

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

»  Distributor or Representative
* Local Sales Office
*  Field Application Engineer (FAE)
»  Technical Support
Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.

Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://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 specification contained in their particular Microchip Data Sheet.

*  Microchip believes that its family of products is one of the most secure families of its kind on the
market today, when used in the intended manner and under normal conditions.

*  There are dishonest and possibly illegal methods used to breach the code protection feature. All of
these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

*  Microchip is willing to work with the customer who is concerned about the integrity of their code.
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*  Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “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.

Legal Notice

Information contained in this publication 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. 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 ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. 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.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeeLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire 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, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad 1/0, SMART-1.S., SQIl, SuperSwitcher, SuperSwitcher I, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, 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.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

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

All other trademarks mentioned herein are property of their respective companies.
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Quality Management System Certified by DNV

ISO/TS 16949

Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®
DSCs, KEELOQ® code hopping devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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