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Capacitive Touch Using Only an ADC (“CVD”)
INTRODUCTION
This application note describes a new hardware
sensing method called Capacitive Voltage Divider
(CVD) which uses no external components. It requires
only the ADC to perform capacitive touch sensing. The
principle is simple, and can be applied to nearly any
Microchip PIC® device with an ADC. 

THEORY OF OPERATION
Sensor construction is the same as a typical sensor; a
sensor is an area of copper on a PCB or similar
conductive pad for sensing. The sensor will be tied
directly to an ADC channel. The rest of the process is
done by configuring the ADC and I/O in a specific
manner. Sensing requires two ADC channels, but they
may both be sensors. While one channel is actively
scanning, the other sensor may be reused for a
secondary line that’s required while scanning the first
channel. While sensors are not being scanned, they
should be kept at ground or VDD.

Sensing Steps
To perform the sensing, do the following:
1. Drive secondary channel to VDD as digital

output.
2. Point ADC to the secondary VDD pin (charges

CHOLD to VDD).
3. Ground sensor line.
4. Turn sensor line as input (TRISx = 1).
5. Point ADC to sensor channel (voltage divider

from sensor to CHOLD).
6. Begin ADC conversion.
7. Reading is in ADRESH:ADRESL.

Sensing Steps Description
The basic principle begins with one ADC channel
charging the internal sample-and-hold cap for the ADC
to VDD. The sensor channel is then prepared to a
known state by grounding it. In Figure 1, it is shown
floating to illustrate why it is important to ground it. After
the sensor is grounded, it must be made an input again.
Finally, immediately after it is made an input, the ADC
channel is switched to the sensor. This puts the sample
and hold cap, Chold, in parallel with the sensor
capacitor, creating a voltage divider between the two.
Thus, the voltage on the sensor capacitor is the same
on the sample and hold capacitor (see Figure 2). After
this step, the ADC should be sampled, and the reading
represents an amount of capacitance on the external
sensor. With the addition of a finger touching the
sensor, the capacitance will increase, and the voltage
on step 5 will be lower.

FIGURE 1: WAVEFORMS WHILE PERFORMING SENSING SEQUENCE

Authors: Thomas Perme
Dieter Peter
Microchip Technology Inc.

 

Secondary Line 
(VDD  for ADC) 

Sense Line 

1          2          3          4          5          6         

Drive VDD 
Line High ADC Ch  

= VDD Line 
Ground 
Sensor 

Sensor  
= Input 

ADC Ch  
= Sensor 

Sample 
ADC 

Selecting Ch Transfers Charge  

Selecting Ch Charges CHOLD  
© 2009 Microchip Technology Inc. DS01298A-page 1



AN1298

FIGURE 2: CVD BLOCK DIAGRAM (STEP 5)

Detecting a Touch
A touch will cause the ADC reading to decrease. So, an
average stable value will be created for an unpressed
condition, and then a deviation less than that will be
what is detected as a press. This is shown in Figure 3
and Figure 4.

FIGURE 3: COMPARING TOUCHED AND 
UNTOUCHED WAVEFORM

FIGURE 4: A SENSOR’S SCALED 
READING OVER TIME

BENEFITS OF THIS SOLUTION
This solution may be used with almost any Microchip
PIC device that has an ADC. The sensor design is very
simple and straightforward, and this method also
samples very quickly (10-20 μs). But be mindful not to
exceed the ADC’s TACQ. At the same time, multiple
samples should be taken to filter the data against a
single false reading. 

INCREASING RESOLUTION
This method is suggested for devices with 10-bit ADCs
or better, since the amount of resolution obtainable is
directly related to the ADC resolution. It will work on a
device with an 8-bit ADC, but there will be less
resolution available, and this poses harsher constraints
on the physical design – specifically the thickness of
any covering material.

If the PIC microcontroller has an optional positive
reference voltage. This reference voltage may be used
to increase the resolution. Setting VREF+ of the ADC
lower will make a smaller voltage range over which the
8 or 10 bits are converted. This applies to both 8-bit and
10-bit ADCs. However, be cautious not to lower VREF+
below the resulting voltage after step 5 of the scanning
sequence, or else the ADC reading will saturate. Also,
oversampling a sensor 4, 8, or 16 times can improve
the resolution via software.

CONCLUSION
The Capacitive Voltage Divider method provides an
easy way to add capacitive touch sensing to Microchip
PIC devices which do not have touch sensing
peripherals, like the CSM or CTMU. It also allows for
very fast sampling times. The key peripheral required is
an ADC and I/O to perform the touch sensing function.

For more information on Microchip’s mTouch™
Sensing solutions, please check our web site at
www.microchip.com/mtouch. 
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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.

• 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.
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.
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