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Introduction to Capacitive Sensing 
INTRODUCTION
Capacitive sensing is becoming more prevalent and in
demand for consumer applications. This application note
introduces one solution for capacitive sensing using sev-
eral Microchip parts. The targeted parts of this application
note are the PIC16F616 family, the PIC16F690 family
and the PIC16F887 family, representing low-to-high pin
count, 8-bit microcontrollers. 

Several techniques for capacitive sensing are currently
present in industry. Many are based on measuring a
frequency or duty cycle which is changed by the intro-
duction of additional capacitance from a person�s finger
to ground. Some other methods use charge balancing
or rise and fall time measurements. This solution
measures frequency using a free-running RC oscillator.

A SHORT HISTORY
While capacitive sensing has been around for more
than 50 years, it is becoming increasingly easier to
implement and more popular. A classic example of a
capacitive switch is the Touch Lamp. The Touch Lamp
has been around for a long time, and it is a simple,
capacitive switch that turns a light bulb on, off or dims it.

New technology allows much more sophisticated
control of touch buttons. A key to this has been micro-
controllers with mixed signal peripherals. They provide
the ability to perform capacitive sensing, decision
making, responsive actions and other duties pertinent
to the system as well.

CREATING A GOOD SENSOR
A quick background on the natural capacitance of a
PCB pad, and the process that occurs when pressing a
finger near a pad, will help clarify how to make a good
sensor.

FIGURE 1: CAPACITANCE ILLUSTRATIONS

FIGURE 2: SIMPLE RC CIRCUIT

EQUATION 1: CAPACITANCE EQUATION

TABLE 1: GLOSSARY OF TERMS

Author: Tom Perme
Microchip Technology Inc.

Nominal Capacitance

Cp

Glass
Cu

FR4

Introduction of Finger

Cp

Cf

Equivalent

Cp Cf

Capacitance

ROSC

Cs

τ = ROSC Cs ≡ Charge/Discharge Constant
τ = ROSC (Cp + Cf)

C =
εoεrA

d

Acronym Description

εo Permittivity of Free Space
εr Relative Dielectric Constant
d Distance Between Capacitor Plates
A Area of Plates
C Capacitance
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A detectable press is due to the introduced capacitor
from glass-finger-ground which is in parallel to the
circuit�s natural parasitic capacitance to ground.
Capacitors in parallel are added so a finger approach-
ing the pad increases the total capacitance. This
change, as a percentage, is: 

ΔC% = ( (Cp + Cf) � Cp)/Cp = Cf/Cp. 

This change establishes the criteria we need to detect
that a finger will introduce additive capacitance causing
a shift in the RC time constant of our oscillator. Increas-
ing the RC time constant will decrease the frequency of
the oscillator, as shown later, and this is the change
detectable in the microcontroller.

It is also good to note that a small Cp is desirable
because Cf is known to be very small. A small Cp
results in a larger percentage change in capacitance
and frequency. A finger press can vary anywhere
between 5-15 pF as a guideline. Finger capacitance
should not be assumed constant or a known absolute.
Further detail about making Cp small and other related
factors are in the application note, AN1102, �Layout
and Physical Design Guidelines for Capacitive
Sensing�.

Now that we have an idea what to detect, we need an
oscillator with a frequency that is dependent on our
capacitor sensing plate, Cs. The circuit of Figure 3 will
accomplish the objective. This design uses a relaxation
oscillator to create a frequency dependent on the
capacitor value. The resistor value of the RC oscillator
is a designed parameter whose goal is to put the oscil-
lating frequency in the 100-400 kHz range. The exact
frequency is not important, but having a high frequency
yields more counts in the measuring process and better
resolution than a low frequency. 

To detect a button press, first the system must be
configured properly. Then, the key steps are as follows:

1. Oscillate signal through sensor capacitor.
2. Count positive edges using T1CKI.
3. At the end of a fixed measurement period,

obtain the reading (frequency in counts).
4. Determine if current frequency is lower than the

normal unpressed average value.

HOW THE OSCILLATOR WORKS
The relaxation oscillator is a free-running RC oscillator
using 2 comparators with an SR latch to change the
charge direction of the sensing capacitor�s voltage, up
or down. It will charge and discharge the capacitor at a
rate determined by the RC time constant, and it will
charge between upper and lower limits set by the pos-
itive inputs to the comparators. The time required to
charge from the lower limit to the upper limit and
discharge back to the lower limit is the period of the
oscillator.

The oscillator circuit is shown in Figure 3. The positive
inputs of the comparators are the upper and lower
charging limits. C1+ is internal, but C2+ must be sup-
plied externally to set the lower limit. The 1000 pF
capacitor is in place to reject high-frequency noise from
the power supply and ensure a stable lower limit.
Voltage, V-, will charge and discharge between these
limits, and is driven by logic level signals at C2OUT.
Comparator 2�s output, C2OUT, is configured for Q in
order to get the appropriate charging and discharging
behavior. Feedback resistor, R, forms the RC with the
sensor plate denoted as Cs. 

When the voltage, V-, on capacitor, Cs, is below the
lower limit, C2OUT goes high, and the system will
begin charging. In between the limits, the system will
retain the last state (charging or discharging). When V-
is above the upper limit, C2OUT goes low, and the sys-
tem will begin discharging and continue to discharge
through the middle region.

An illustration of the charge and discharge cycling is
shown in Figure 4. The output, Q, and the charging or
discharging state it represents is determined by the
relative values of the negative input to the positive input
of each comparator and the SR latch.
DS01101A-page 2 © 2007 Microchip Technology Inc.
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FIGURE 3: OSCILLATOR CIRCUIT

FIGURE 4: CHARGE AND DISCHARGE CYCLES

TABLE 2: REGIONS OF OPERATION
Time Set Bit Reset Bit C2OUT Result Action

1 C1+ > V-
S = 0

C2+ > V-
R = 1

⇒ Q = 1 �Begin Charging�

2 C1+ > V-
S = 0

C2+ < V-
R = 0

⇒ Q = Qn-1 �Last State (Charging)�

2 ⇒ 3 C1+ < V-
S = 1

C2+ < V-
R = 0

⇒ Q = 0 �Begin Discharging�

3 C1+ > V-
S = 0

C2+ > V-
R = 0

⇒ Q = Qn-1 �Last State (Discharging)�

3 ⇒ 4 C1+ > V-
S = 0

C2+ > V-
R = 1

⇒ Q = 1 �Begin Charging�

4 = 2 Charge cycle begins to repeat as region two.
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MEASURING FREQUENCY
Once the oscillator is constructed, its frequency must
be monitored to detect the drop in frequency caused by
a finger press. Figure 5 shows a more complete sche-
matic where C2OUT not only drives the oscillator, but
also is fed into the clock input of Timer1, T1CKI. Each
time C2OUT changes from �0� to �1� Timer1 will incre-
ment. Unhindered, Timer1 will increment non-stop and
eventually roll over, but this is not useful for capacitive
sensing.

To make it useful, a fixed time base is used to measure
the frequency over a defined period. Timer0 provides
this fixed period time base. At the start of a measure-
ment, Timer0 is cleared, and it will count up to 255 and
then it will overflow. On overflow, the Timer0 interrupt,
T0IF, causes the program to vector to the Interrupt Ser-

vice Routine. The value of TMR1 is then read and
compared to previous readings. This constitutes a
single scan of a button. If the current value of TMR1 is
significantly lower, the capacitance has increased, the
frequency has dropped and a button press is detected.

With surrounding logic, the new value may be
averaged into a running average which is the base
value for comparison. At the end of the Interrupt
Service Routine, once all tasks determining a button
press and setting appropriate flags are finished, both
Timer1 and Timer0 are cleared and restarted for the
next reading.

FIGURE 5: MEASURING OSCILLATOR FREQUENCY

Note: The prescaler on Timer0 must be set such
that Timer0 overflows before Timer1 can
overflow.
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DETECTING A BUTTON PRESS
At this point, the system is complete except for the
detection and signaling of a button press. The remain-
ing portion is best handled in the Interrupt Service
Routine on the regular calls by T0IF at the end of each
scan.

A simple way to watch for the decrease is to use three
unsigned integer variables. The three variables are:

unsigned int average;
unsigned int raw;
unsigned int trip;

The variable average holds a running average of the
previous 16 samples; raw is the current sensor data
read from Timer1, and trip is a number which specifies
the distance below the average for a button press. The
simplest button press algorithm would be to test if the
raw is a fixed distance below the average as in the code
example below.

EXAMPLE 1: SIMPLE BUTTON 
DETECTION

To provide an illustrative example, assume the oscilla-
tor reads 10,000 without a finger pressing the button.
The average and raw will both be 10,000. As the
designer, assume a trip value of 1000 is a good value.
When someone presses the button, the raw value
immediately drops to 8500, but the average was still at
10,000. The �if statement� in Example 1 will prove to be
true, because 8500 is less than 9000. The button is
pressed. Then, a flag may be set or a response
performed in reaction. 

CONFIGURING YOUR PIC® MCU
There are currently three families of PIC microcontrol-
lers able to use the method as shown. These are the
Microchip PIC16F616 family, PIC16F690 family and
PIC16F887 family. The basic settings of registers used
for capacitive sensing are the same, although differ-
ences between families may cause slightly different
values in each. Appendix A: �Register Settings for
the PIC16F887 Family� shows a detailed depiction of
the proper settings for the PIC16F887 family. So,
Appendix A: �Register Settings for the PIC16F887
Family� may be used as a guideline for which bits to
set in the other families of parts.

The registers that require setting for capacitive sensing
are:

� CM1CON0
� CM2CON0
� CM2CON1
� SRCON (or equivalent SRCON0)
� VRCON
� ANSEL (and ANSELH if appropriate)
� TRISx (for all inputs and outputs)

The settings for these registers are found in
Appendix A: �Register Settings for the PIC16F887
Family�.

CONCLUSIONS
Capacitive sensing is not magic. It just takes some time
and understanding of basic electrical principles.
Additional application notes describe other practices
for creating a successful product. Particularly important
application notes are AN1103 �Software Handling for
Capacitive Sensing�, AN1104, �Capacitive Multibutton
Configurations�, and AN1102, Layout And Physical
Design Guidelines for Capacitive Sensing�.

Note: There are better software algorithms for
detecting button presses, and these are
discussed in AN1103, �Software Handling
for Capacitive Sensing�. The example
above is very simplistic to demonstrate the
frequency drop as the fundamental
change common to all.

ISR {
 ...

 if (raw < (average - trip))
        // Button Pressed

 else
        // Button Not Pressed

 // Perform average of current reading
 average = average*15/16 + raw/16;

 ...
}

© 2007 Microchip Technology Inc. DS01101A-page 5
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APPENDIX A: REGISTER SETTINGS 

FOR THE PIC16F887 
FAMILY

The following registers can be found in the
�PIC16F882/883/884/886/887 Data Sheet� (DS41291).
Detailed explanations of each bit may be found in a
part's Data Sheet. These register settings provide a
guideline for setting the other families' registers. TRIS
registers must be set properly for inputs and outputs.

REGISTER 8-1: CM1CON0: COMPARATOR C1 CONTROL REGISTER 0

REGISTER 8-2: CM2CON0: COMPARATOR C2 CONTROL REGISTER 0

REGISTER 8-3: CM2CON1: COMPARATOR C2 CONTROL REGISTER 1

REGISTER 8-4: SRCON: SR LATCH CONTROL REGISTER

REGISTER 8-5: VRCON: VOLTAGE REFERENCE CONTROL REGISTER

REGISTER 3-3: ANSEL: ANALOG SELECT REGISTER

REGISTER 3-4: ANSELH: ANALOG SELECT HIGH REGISTER

R/W-0 R-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0
C1ON C1OUT C1OE C1POL � C1R C1CH1 C1CH0

bit 7 bit 0
1 0 0 1 � 1 0 0

R/W-0 R-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0
C2ON C2OUT C2OE C2POL � C2R C2CH1 C2CH0

bit 7 bit 0
1 0 1 0 � 0 0 0

R-0 R-0 R/W-0 R/W-0 U-0 U-0 R/W-1 R/W-0
MC1OUT MC2OUT C1RSEL C2RSEL � � T1GSS C2SYNC

bit 7 bit 0
0 0 1 1 � � 1 0

R/W-0 R/W-0 R/W-0 R/W-0 R/S-0 R/S-0 U-0 R/W-0
SR1(2) SR0(2) C1SEN C2REN PULSS PULSR � FVREN

bit 7 bit 0
1 1 1 1 0 0 � 0

2: To enable an SR latch output to the pin, the appropriate CxOE and TRIS bits must be properly configured.

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN VROE VRR VRSS VR3 VR2 VR1 VR0

bit 7 bit 0
1 0 0 0 0 1 1 1

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
ANS7(2) ANS6(2) ANS5(2) ANS4 ANS3 ANS2 ANS1 ANS0

bit 7 bit 0
0 0 0 0 0 1 1 1

2: Not implemented on PIC16F883/886.

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
� � ANS13 ANS12 ANS11 ANS10 ANS9 ANS8

bit 7 bit 0
� � 0 0 0 1 1 0
DS01101A-page 6 © 2007 Microchip Technology Inc.
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APPENDIX B: SCHEMATIC

FIGURE B-1: TOUCH SENSING DEMO SCHEMATIC
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NOTES:
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� Microchip products meet the specification contained in their particular Microchip Data Sheet.
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Sheets. Most likely, the person doing so is engaged in theft of intellectual property.
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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.�
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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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and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
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