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Introduction
This document gives an operational overview of the capacitive touch sensing unit (CTSU) associated with a variety of
RX and Synergy MCUs, including functioning principals and waveforms describing its operation in mutual and selfcapacitive modes.

Target Device
RX230, RX231, RX130, and RX113.

Contents
1.

The components of capacitive touch ............................................................................. 2

2.

Generation of the Electrostatic Field ............................................................................. 2

2.1

3.

Overview of Parasitic capacitance ............................................................................................ 3

CTSU Capacitance Estimation ........................................................................................ 4

3.1

Measuring current via the Self-Capacitance Method .............................................................. 4

3.2

Measuring current via the Mutual-Capacitance Method ......................................................... 6

3.2.1
3.3

Simulation of the currents in Mutual Mode ........................................................................ 8

Turning the current to a digital measurement ......................................................................... 9

R01AN3824EU0100 Rev 1.00
May 10, 2017

Page 1 of 11

RX200, RX100 Series
1.

Overview of CTSU operation

The components of capacitive touch

Renesas’ capacitive touch solution takes advantage of interactions a human body has with an electrostatic field
generated by the microcontroller unit (MCU) to determine user input. The peripheral, referred to as the capacitive
touch sensing unit (CTSU), measures a finger interacting with the capacitive sensor starts by generating an electrostatic
field. Here the peripheral takes ambient measurements via the CTSU by measuring the parasitic (stray) capacitance
between conductors or between two pads. The CTSU monitors the human interaction and via some specialized
circuitry produces digital counts. These digital counts vary depending upon the interactions with the environment; as a
user interacts with the sensor, these counts will eventually exceed a threshold, which can be represented in software as a
touch. An overview of this process is shown in Figure 1.

External to the MCU
Generation of parasitic
capacitance
Capacitive
touch pad

Internal to the MCU
Part of the CTSU analog hardware
Capacitance
to current
conversion

Digitization of
current

Digital counts used to
judge the status of
the switch in software

Figure 1: Block diagram describing the high-level overview of the different parts of a capacitive touch
system.
An understanding of how the CTSU measures the interaction that the user has with the electrodes and what creates this
the parasitic capacitance/electrostatic field are key to designing a robust system.

2.

Generation of the Electrostatic Field

The electrostatic field that the MCU creates is represented as a capacitor that appears between the electrode or
conductor, and any surrounding metal structure. The metal structure can include any of the following neighboring the
electrode, attached to the TS port:
•
•
•
•

Metal case
Reference plane
Other traces
Another electrode

Since the coupling between the electrode and its environment does not change drastically over time, it can be
represented as a constant capacitance 𝐶𝐶 𝑝𝑝 . When a finger interacts with the electrode and that stray capacitance, the
result is a change in total capacitance by adding its own capacitance to it, given by 𝐶𝐶𝑓𝑓 . With the addition of finger
capacitance the total capacitance in the system becomes (1). This forms the basis for self-capacitive touch.

=
Ctotal C finger + C parasitic

(1)

By measuring this increase in capacitance, the MCU is then able to discern the status of the button. This type of scenario
describes the self-capacitance method of detecting a touch, as it measures the capacitance that the human body adds to
capacitance already formed between itself (the electrode) and its surroundings, demonstrated in Figure 2.
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The electrode shape is simple and relies on the system not having a lot of parasitic capacitance between the pad and its
surroundings to increase its sensitivity.
Electrode/
Pad

Overlay

Finger
Capacitance

PCB

Parasitic
Capacitance

Metal Frame

Figure 2: Diagram of a typical self-capacitive touch design.
In contrast to the self-capacitance method, the CTSU is able to drive a pair of TS channels connected to corresponding
electrodes to create an electric field not only between the plates and the environment but also between the two plates
themselves. The CTSU is then able to drive the plates in such a way as to remove the parasitic capacitance effect from
the measurement while still detecting the interaction a human finger has as a decrease in capacitance in the system. Since
the CTSU is measuring the finger’s interaction with the field between the two plates this results in a more complicated
electrode shape, which is represented as an interlocking pattern between a transmitting electrode and a receiving electrode
as, shown in Figure 3.
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Figure 3: Diagram of a typical mutual-capacitive touch design.
With either method, before describing how the CTSU measures the pad’s interaction with the environment it is important
to understand how parasitic capacitance common to both methods of measurement is represented in the system.

2.1

Overview of parasitic capacitance

Before describing how parasitic capacitance is estimated, it is important to discuss what this type of capacitance is and
how it is represented on a printed circuit board. Parasitic or stray capacitance is something that hardware engineers
account for in their design of a return path for currents that occurs between two conductive structures- generally current
carrying traces and copper planes under areas of the printed circuit board. Many printed circuit boards maximize this
type of stray capacitance in specific areas of the board such that currents have as short a return path as possible to their
source creating short loop areas. However, in a capacitive touch system the same techniques could result in a
desensitization due to the way the CTSU operates.
As demonstrated in (1), the total capacitance of a pad that the CTSU measures is made up of both this parasitic
capacitance and capacitance that the human body forms between the finger and ground. As described in later sections,
the CTSU drives current to the pad to create the electrostatic field, which is subsequently measured. The human body
capacitance that it must measure, however, is usually a percentage of the parasitic capacitance that forms between
conductors.
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This leads to two important characteristics a design must account for:
• The higher the percentage that the body capacitance is the more sensitive to touch the system will be. This usually
results in a decrease in parasitic capacitance by not having a solid copper ground behind the pads or the non-parallel
running of traces.
• Too much capacitance in the system will hinder the ability for the CTSU from estimating the total capacitance in the
system as the driver will not be able to charge the total system capacitance.
Since body capacitance is outside the control of the designer, reducing the parasitic capacitance between the pad/trace
and surrounding objects is accomplished by techniques such as not extending a solid plane under the pad, or by not
running long parallel traces. Now that we understand the basics of how parasitic capacitance is formed and affected by a
finger next is understanding the CTSU internal operation measures this interaction.

3.

CTSU Capacitance Estimation

The CTSU measures the change in capacitance by converting the capacitance that the human body generates to a
current via a switched capacitor filter. A switched capacitor filter is comprised of two switches, power, and a capacitor.
To drive these components there is also a control signal that controls the sequence and frequency at which the two
switches open and close. Together these components make up a switched capacitor filter network that charges and
discharges the capacitances in the system. When a finger comes in contact with the sensor, and affects the capacitance
the resulting current from this interaction is how the CTSU determines interaction with the electrode.

3.1

Measuring current via the Self-Capacitance Method

A diagram of these components forming a switched capacitor filter network is shown in Figure 4. This configuration
where a singular TS channel is driving a pad describes the self-capacitance method.

I

Inside the
CTSU

Figure 4: Example of the components making up a self-capacitive touch system
The switches, 𝑆𝑆𝑊𝑊1 and 𝑆𝑆𝑊𝑊2 are controlled such that when one is open the other is closed, allowing current to flow into a
fully discharged capacitor. The capacitor, in this instance is not a physical capacitor but the total capacitance as described
in section 2. The initial charge across the capacitor is zero before the first switch is closed and upon the closure of 𝑆𝑆𝑊𝑊1
the total capacitance is fully charged. During the next phase of operation after the capacitor is charged 𝑆𝑆𝑊𝑊1 opens as 𝑆𝑆𝑊𝑊2
closes simultaneously discharging the capacitor through the second switch. This discharge current does not appear across
the supply (𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ) as the first switch is open at this time, and current is only measured from the supply side. An example
of the current flow as switches turn on and off is described in Figure 5.
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Figure 5: (Left) Current flow with the top switch closed, charging the capacitance, (Right) Bottom
switch closed, discharging the capacitance.
The cycle repeats itself, charging and discharging the capacitor as described in Figure 6.

Figure 6: (Top) Pulses controlling the switches, (Bottom) Current flow through the capacitance.
From this operation, we can draw a basic operational relationship between the voltages, frequency and current that
defines how to estimate current through capacitance. The CTSU then uses this current measurement to estimate the
total capacitance in the system. For example, doing either of the following operations results in a linear increase in
current measured by the peripheral:
•

Increasing the total capacitance (i.e. a user interacting with the touch pad) while maintaining the same cycle of
the two switches as shown in Figure 7.

Figure 7: Describing the differences in discharge current over the same period with higher
capacitance.
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Increasing the frequency at which the capacitance is charged and discharged as demonstrated in Figure 8:
Demonstrating that higher frequency results in more charge/discharge cycles.

Figure 8: Demonstrating that higher frequency results in more charge/discharge cycles.
From this we are able to draw the following linear relationship (2) between the charging/discharging current, the
capacitance, frequency, and driving voltage from the CTSU.

I measured = vd f switch ctotal |=
ctotal
3.2

c finger + c parastic

(2)

Measuring current via the Mutual-Capacitance Method

In order to measure the mutual capacitance between the two neighboring pads (as shown in Figure 9) the CTSU must
account for the parasitic capacitances between the individual RX and TX pads and any surrounding conductive
structure. The CTSU switch setup is similar to the self-capacitance method, but instead of one pair of switches, there
are now two and one pair is driven out of phase with respect to the other.

Inside the
CTSU

Vconverting

Vdriving

Isec

Ipri

SW1
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Inside the
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Figure 9: Diagram demonstrating the different parts of a mutual touch system being made up of two
switches described in Figure 4.
This bidirectional current flow results in the creation of a field between the transmitting and receiving electrode
attached to the pulse generator (Tx) and current detector (Rx). An overview of the current flow is shown in Figure 10.
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Figure 10: Diagram describing the current flow and voltage pulses
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As the driving side of the electrode pulses, it charges both the parasitic capacitance associated with the two electrodes
and mutual capacitance between the two electrodes. The primary current expressed as (3).

I pri =
f swC pVdriving + f swCmutual (Vconverting − Vdriving )

(3)

As the driving voltage goes to zero the converting voltage goes high and begins to drive a pulse from the opposite
direction. The secondary current can be described similar to (4).

I sec =
f swC pVdriving + f swCmutual (Vconverting + Vdriving )

(4)

However, since the currents being drive back and forth we can subtract the primary from the secondary current,
resulting in (5).

I measured
= I sec − I pri

(5)

By substituting both (3) and (4) into (5), we realize that because of the driving nature of the mutual method the parasitic
capacitance is negated (6).

I measured
= f sw C pVdriving + f swCmutual (Vconverting + Vdriving ) −

These terms cancel

f sw C pVdriving − f swCmutual (Vconverting − Vdriving )

These terms cancel

(6)

In addition to negating the parasitic capacitance associated to each channel, the mutual capacitance term is now
increased by a factor of two as demonstrated by the expression resolving to (7).

I measured = f swCmutual (2Vdriving )

(7)

Comparing (7) to the resulting current from the self-capacitance method (2) it’s clear that operating the CTSU using the
mutual capacitance method comes with it two advantages due to the analysis of the current flow between the two
channels:
•
•

More robust to parasitic capacitance around the pads
Twice the gain compared to the self-capacitive method of detection

With either method by keeping both the switching frequency and voltage constant, we are then able to estimate the
capacitance via the charging and discharging current. The CTSU is able to vary the frequency to keep the relationship
proportional during the tuning process, accounting for the variable nature of either the mutual pad design.
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Simulation of the currents in Mutual Mode

To get a better understanding of the currents that correlate to the mutual capacitance between the two electrodes we can
use SPICE, Figure 9 and Figure 10 to come up with an example simulation. We will represent the parasitic
capacitances at 20𝑝𝑝𝑝𝑝and use a nominal damping resistor value of 560Ω on both the transmit and receive side of the
switch. Lastly, in order to model the out of phase driving voltages, we will include a phase shift driving the switches
such that the transmit side is both 90° ahead and behind the receiving or current detector pulse. The result of these two
simulations is contained in Figure 11.

Figure 11: (Top) Driving pulses with the Tx pulse lagging the Rx pulse. (Bottom) Driving pulses with
the TX pulse leading the Rx pulse.
More information on how the CTSU times the pulses is contained in the CTSU section of the hardware manual included
in any Renesas hardware manual that contains within it, the CTSU as a peripheral. As we simulate the circuit with a 4
Mhz drive frequency, checking the current through the mutual capacitor (𝐼𝐼𝑐𝑐𝑐𝑐 ) we can visualize the currents in both
directions through the capacitor, this is demonstrated in Figure 12 .

Figure 12: Currents through the mutual capacitance (bottom) overlaid with the driving voltages (top)
The convention for current in Figure 12, Figure 13, and Figure 14, is that from the receive side to the transmit side is
positive. As demonstrated, each pulse rising edge from the receive side pushes current to the transmit side, conversely
each rising edge from the transmit side pushes current in the other direction. The same relationship appears when the
transmit side driver switches to leading the receive side as demonstrated in Figure 13. It is this pushing and pulling of
current that creates the electrostatic field between the plates, we see represented as a mutual capacitance in Figure 9.
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Figure 13: Currents through the mutual capacitance (bottom) overlaid with the driving voltages (top).
The CTSU subsequently measures this current, and from it estimates the capacitance. When a user comes in contact
with the pad and lowers the overall capacitance the current lowers as well because of the established switched capacitor
relationship (7). This interaction is demonstrated in Figure 14, where the green and blue trace demonstrates the mutual
capacitance current before and after touch.

Figure 14: Mutual capacitance current before and after a touch (bottom) overlaid with driving
voltages (top).
This resulting current drop is measured similar to the increase in current in the self-capacitance mode is then digitized to
allow software to determine interaction with the board.

3.3

Turning the current to a digital measurement

After describing the relationship between current and capacitance in both the mutual and self-capacitance methods, and
how the CTSU utilizes the board level parasitics to measure the field, attention is now given to how the digital counts
that the CTSU produces from reading the current produced from the switched capacitor filter circuit.

Output from
Switched
Capacitor
Filter

Power Supply
Circuit

Current Controlled
Oscillator

Counter
Count

t

Digital
Counts

Figure 15: Overview of the current to counts conversion process
The overview of the process is shown in Figure 15, and is made up of the output from the switched capacitor filter, the
power supply circuit, current oscillator and the counter. The conversion process starts with the power supply circuit
taking the alternating output from the switch capacitor filter described in the previous section and low pass filters it with
the connected TSCAP. This smoothed current feeds the current oscillator whose frequency is controlled in proportion
to the measured current. This oscillation is then passed along to a counter that counts the number of oscillations
producing a count. An overview of the results after each stage is shown in Figure 16 for self-capacitance mode, where
the two rows of charts demonstrates how the current amplitude affects the digital counting process.
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Figure 16: Waveforms describing the current and counts after each part of the conversion process
with currents from self-capacitance mode.
This count value is then saved in a register for use by firmware to determine the touch-status of the button.
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Renesas Electronics Website
http://www.renesas.com/
Inquiries
http://www.renesas.com/contact/
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products
The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas.
For detailed usage notes on the products covered by this document, refer to the relevant sections of the document as
well as any technical updates that have been issued for the products.

1. Handling of Unused Pins
Handle unused pins in accordance with the directions given under Handling of Unused Pins in the
manual.
 The input pins of CMOS products are generally in the high-impedance state. In operation with
an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
LSI, an associated shoot-through current flows internally, and malfunctions occur due to the
false recognition of the pin state as an input signal become possible. Unused pins should be
handled as described under Handling of Unused Pins in the manual.
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
 The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of
pins are not guaranteed from the moment when power is supplied until the reset process is
completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power reaches
the level at which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.
 The reserved addresses are provided for the possible future expansion of functions. Do not
access these addresses; the correct operation of LSI is not guaranteed if they are accessed.
4. Clock Signals
After applying a reset, only release the reset line after the operating clock signal has become
stable. When switching the clock signal during program execution, wait until the target clock signal
has stabilized.
 When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock
signal. Moreover, when switching to a clock signal produced with an external resonator (or by
an external oscillator) while program execution is in progress, wait until the target clock signal is
stable.
5. Differences between Products
Before changing from one product to another, i.e. to a product with a different part number, confirm
that the change will not lead to problems.
 The characteristics of Microprocessing unit or Microcontroller unit products in the same group
but having a different part number may differ in terms of the internal memory capacity, layout
pattern, and other factors, which can affect the ranges of electrical characteristics, such as
characteristic values, operating margins, immunity to noise, and amount of radiated noise.
When changing to a product with a different part number, implement a system-evaluation test
for the given product.
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software including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures by your own responsibility as warranty
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these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9.

Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall not use Renesas Electronics products or technologies for (1) any purpose relating to the development, design, manufacture, use, stockpiling, etc., of weapons of mass destruction,
such as nuclear weapons, chemical weapons, or biological weapons, or missiles (including unmanned aerial vehicles (UAVs)) for delivering such weapons, (2) any purpose relating to the development,
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products or technologies to any third party whether directly or indirectly with knowledge or reason to know that the third party or any other party will engage in the activities described above. When exporting,
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10. Please acknowledge and agree that you shall bear all the losses and damages which are incurred from the misuse or violation of the terms and conditions described in this document, including this notice,
and hold Renesas Electronics harmless, if such misuse or violation results from your resale or making Renesas Electronics products available any third party.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.
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