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1.

Introduction

Touch Sensing Interface (TSI) provides a convenient solution for touch keys, sliders and
capacitive proximity sensing applications. The controller is based on charge transfer method
of self-capacitance. Placing a finger near the electrode adds capacitance to the system and
TSl is able to measure this capacitance change using charge transfer method.

This application note describes the charge transfer acquisition principle of TSI module and
touch sensitivity analysis which guides users to use TSI module to design PCB touch keys.
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2.

Terminology

Software involved:

Channel: a channel used for signal acquisition.

Group: a set of channel pins and a sampling pin.

Bank: a set of channels that can be collected in parallel.

Measurement: the charge transfer period value at a certain time after starting measurement.

Reference: the reference value of charge transfer in the untouched state. The software can
obtain the average value of charge transfer reference by sampling several times.

Delta: the difference between the reference value and the measurement.
Hardware involved:

Cx: parasitic capacitance of sensor electrode.

Cr: parasitic capacitance.

Cr: equivalent touch capacitance.

Cs/CssnieLp: sampling capacitance / sampling capacitance of the shield electrode.The larger
the value is the slower the response time is and the higher the sensitivity is.

Rs/RssHieLp: serial resistance / serial resistance of shield electrode is used to absorb coupling
noise and interference and enhance ESD protection. The higher the value is the stronger the
anti-noise ability is.
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3.

Charge transfer acquisition principle

Surface charge transfer acquisition principle is as follows:

Charge the sensor electrode Cx.
Transfer the accumulated charge on Cx to the sampling capacitor Cs.
Repeat steps 1-2 until the voltage Vs on the Cs reaches the threshold voltage Vin.

A w DR

Acquisition completed, read the number of charge transfer sequences.

The number of charge transfer sequences indicates the capacitance of the sensor
electrode. When the sensor electrode is touched, the capacitance of the sensor electrode
to the ground will increase (the maximum charge can be stored will increase, so the
number of transfer sequences will decrease). Charge transfer acquisition principle is
shown in Figure 3-1. Equivalence principle of TSI charge transfer acquisition.

Figure 3-1. Equivalence principle of TSI charge transfer acquisition
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The equivalent measuring capacitance Cwm is shown below:
Cu= 7 *Ce+Cx

Where:

Cs: sampling capacitor

Cx: parasitic capacitance of sensor electrode

Cr: coupling capacitance between human body and sensor electrode
Cp: parasitic capacitance

Cr: feedback capacitance between earth and application ground

Rs: serial resistance

RH: equivalent resistance of human body model

Chu: equivalent capacitance of human body model

Note: Since Ct is much smaller than Cr and Cx, so Cr, Cn and Cr in serial is approximately
equal to Cr, than is C;=C++Cy+Cr.
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To ensure that charge transfer can be carried out correctly, it is necessary to ensure that
the waveform on the Cx pin is a complete charge and discharge process. After charging,
ensure that the Cx voltage is Vpp. Increasing the charge and discharge time can
effectively ensure the integrity of the process, but it will increase the response time of the
system, so it is necessary to monitor the Cx pin waveform through oscilloscope, and
adjust the charge and discharge time by software to find a balance that meets the
application of the system. The complete waveform of charge and discharge is shown in
Figure 3-2. Channel pin charge transfer waveform and Fiqure 3-3. Channel pin charge

transfer waveform in transfer period.

Figure 3-2. Channel pin charge transfer waveform
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By measuring the voltage on the Cs pin, the time of the sequence transfer completed and
the threshold voltage Vi can be obtained, as shown in Figure 3-4. Waveform on the

sample pin.

Figure 3-4. Waveform on the sample pin
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4.

TouchKey design

The TouchKey has only two states: touched and released, which belong to the simplest touch
sensor. When designing TouchKeys, the following factors should be considered to improve
the robustness of TouchKeys.

1) The shape of the sensor electrode can be customized, it is recommended to use
round or oval shape (just as the shape of the finger belly).

2) Recommended to use sensor electrodes of the same size and shape, which can
reduce the difference between electrodes and facilitate the difference compensation
at the software end.

3) The surface size of the sensor electrode should be consistent with the touch range
(such as finger belly size, a rectangle with side length of 12mm or a circle with
diameter of 12mm is recommended), otherwise the touch sensitivity will be reduced.

4) The size of the sensor electrode should be at least 4 times the thickness of the touch
panel (such as the thickness of the touch panel is 2mm, the width of the sensor
electrode shall be at least 8mm).

Ser
41rkd’

According to the capacitance formula of plate capacitor, C;= Where, S represents the

size of the overlap between the sensor electrode area and the touch area of the finger; d
represents the distance between the sensor electrode and the conduction object (generally
for the thickness of the panel); ¢, represents relative permittivity; k is the electrostatic
constant.

Note: Increasing the electrode size of the sensor can increase the equivalent parasitic
capacitance of the electrode. However, when the electrode size exceeds the area touched by
the finger, the capacitance of Cx will only increase, while the capacitance of Ct will not
increase, which will decrease the sensitivity. If the Cx capacitor is too large, the time required
by the electrode to complete the charge and discharge will increase, resulting in slow system
response time and increased power consumption.

The sensor electrode is generally placed on the PCB board in solid fill mode, as shown in
Figure 4-1. Solid fill mode of TouchKey electrode. You can also use mesh fill mode, as

shown in Figure 4-2. Mesh fill mode of TouchKey electrode. When mesh fill mode is used,

the parasitic capacitance of sensor electrode can be reduced. In this case, the problem of
decreased touch sensitivity caused by the drop of touch area can be effectively solved.

10
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Figure 4-1. Solid fill mode of TouchKey electrode
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Figure 4-2. Mesh fill mode of TouchKey electrode
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The design requirements of the TouchKey layout on the PCB should be follow the Table 4-1.

Layout requirements for TouchKeys. Where h represents the size of touch keys, d
represents the distance between touch keys, and t represents the thickness of touch panel.

Table 4-1. Layout requirements for TouchKeys

parameter minimum value recommended value maximum value
h(height) 7mm 12mm 15mm

d(distance) 2mm 4mm -

t(thickness) Imm 2mm 3mm

11
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5.

Sensitivity analysis

Generally, non-conductive material is added on the sensor electrodes as a touch panel, but

the using of the touch panel will reduce the sensitivity of touch sensing. In the design, users

need to pay attention to the following aspects to improve the sensitivity of the system.

1)
2)

3)
4)

5)
6)
7
8)

Reduce the air gap between the touch panel and sensor electrodes.

Reduce the thickness of the touch panel. The thickness of the panel will affect the the C+
capacitance, and the thicker the panel, the stronger the diffusion of the electric field will
be, and the greater the coupling on the adjacent sensor electrodes.

Choose a material with a high dielectric constant as the touch panel (such as plexiglass).
The ground plane should not be too close to the sensor electrode and shield electrode,
otherwise large parasitic capacitance will be brought in.

Avoid metal materials around sensor electrodes and shield electrodes.

Ensure the effective fit between the touch panel and the sensor electrodes;

In special occasions, touch springs can be used instead of sensor electrodes;

On the basis of satisfying the complete charge and discharge, reduce the charge and
discharge time.

The dielectric constants of several common materials such as Table 5-1. Relative dielectric

constants of common materials.

Table 5-1. Relative dielectric constants of common materials

materials &R
Air 1.000585
Glass 4-10
Mica 6-8
Nylon 3.0
Plexiglas 3.4
PVvC 4.0
PE 2.3-34
PS 2.4-2.7
FR4 4.2-4.7
PMMA 2.6-4

12
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6.

6.1.

6.2.

PCB design

Layout design

The quality of the PCB layout will directly affect the robustness and reliability of the touch
sensing system. The following aspects should be paid attention to in the PCB layout design.

1) The length of the channel trace should be as short as possible (within 15cm).

2) The width of the channel trace should be as thin as possible (6-8mil).

3) The angle of the channel trace should be greater than 90 degrees.

4) The distance between the channel trace and the ground or other traces should be at
least Tmm.

5) The traces space of channels in the same bank should be at least twice the trace width,
and the trace space between different banks should be at least 2mm.

6) The distance between sensor electrodes should be at least twice the thickness of the
panel to reduce the coupling between adjacent sensor electrodes and prevent false
triggering. For high-density PCB boards, sensor electrode size, distribution, and panel
thickness need to be balanced to meet design requirements.

7) Channel trace and the high-frequency signal trace should be crossed to reduce crosstalk.

8) Two-layer board is recommended to be filled with mesh ground (25%-40%) on both sides,
the sensor and ground are placed on the same side, and the devices and traces are
placed on the other side.

9) Cs and Rs are as close as possible to the MCU pins to enhance ESD protection and
improve anti-interference.

10) Passive shield or active shield should be used to improve the noise immunity and
sensitivity of the system.

The width and length of the channel trace affect the parasitic capacitance of the trace. The
wider and longer of the trace (equivalent area S is larger) is the larger the parasitic
capacitance is. In addition, long traces tend to introduce coupled noise. Sensor electrodes
should be placed as close as possible to the MCU and symmetrically distributed to balance
the effects of parasitic capacitance.

Note: Polygon plane will increase Cx, which decreases the sensitivity (reduced C1/Cx). To
balance noise immunity and sensitivity, mesh copper can be used instead of solid copper.

Shield design

In order to reduce EMI interference and false triggering caused by false touches on the
channel traces, it can be improved by designing shield. It includes passive shield and active
shield, as shown in Figure 6-1. Passive shield design and Figure 6-2. Active shield design.

13
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Passive shield:

1)
2)

3)

4)

Connect the shield electrode to a DC level (usually a single point ground).

The backside of the sensor electrode can be covered with copper to reduce EMI
interference and false touches on the backside, and the use of mesh copper can
reduce the capacitive load (~50%). If the risk does not exist on the back, this area
can be cutout to reduce Cx.

Coplanar layer with sensor electrodes require copper (solid / mesh) to isolate sensor
electrodes and reduce EMI.

Copper plating will reduce the tolerance of the moisture.

The shield electrode increases the parasitic capacitance Cx of the sensor electrode, which

makes the response time lag; and because the electric field of the sensor electrode is

absorbed by the ground, the sensitivity is reduced. When the gap between the sensor

electrode and the shield plane decreases, the increase of the sensor electrode parasitic

capacitance Cx will lead to an increase in the RC time constant; when the gap between the

sensor electrode and the shield plane increases (the impedance path to ground becomes

longer), then noise tolerance is reduced and, in addition, moisture tolerance is improved due

to longer bridging distances between sensor electrodes and shield planes.

Figure 6-1. Passive shield design
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Active shield:

1) Connect the shield electrode to the channel pin, and this channel pin does not share a
group with other channels.

2) Reduce the load capacitance between the sensor electrode and the adjacent electrode
(since the sensor electrode and the shield electrode are charged and discharged at the
same time, the charging and discharging time of the parasitic capacitance is offset, and
the sensitivity of the system can be improved).

3) Improve water film / moisture tolerance.

Note: When using active shield, the shield electrode needs to be driven with the same signal

as the sensor electrode.

14
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Figure 6-2. Active shield design
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The use of active shield may cause excessive RF interference (fast charge and discharge of
large-area shield electrodes), so in special occasions, it is necessary to reduce the area of
active shield to reduce RF interference, as shown in Figure 6-3. Reduce active shield area.

Power consumption can be effectively reduced by increasing the serial resistance on the
shield electrode.

Figure 6-3. Reduce active shield area

active shield
sensor electrode GND

When using active shield, it is necessary to adjust CssnieLo and RssnieLp so that the charging
and discharging process of the sensor electrode is consistent with the charging and
discharging process of the shield electrode, as shown in Figure 6-4. Waveforms with active
shield.

15
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Figure 6-4. Waveforms with active shield
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7. Revision history

Table 7-1. Revision history

Revision No. Description Date
1.0 Initial Release Dec.16, 2022
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Important Notice

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This document, including any
product of the Company described in this document (the “Product”), is owned by the Company under the intellectual property laws and
treaties of the People’s Republic of China and other jurisdictions worldwide. The Company reserves all rights under such laws and
treaties and does not grant any license under its patents, copyrights, trademarks, or other intellectual property rights. The names and

brands of third party referred thereto (if any) are the property of their respective owner and referred to for identification purposes only.

The Company makes no warranty of any kind, express or implied, with regard to this document or any Product, including, but not
limited to, the implied warranties of merchantability and fitness for a particular purpose. The Company does not assume any liability
arising out of the application or use of any Product described in this document. Any information provided in this document is provided
only for reference purposes. It is the responsibility of the user of this document to properly design, program, and test the functionality
and safety of any application made of this information and any resulting product. Except for customized products which has been
expressly identified in the applicable agreement, the Products are designed, developed, and/or manufactured for ordinary business,
industrial, personal, and/or household applications only. The Products are not designed, intended, or authorized for use as components
in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, atomic energy control
instruments, combustion control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
life-support devices or systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution
control or hazardous substances management, or other uses where the failure of the device or Product could cause personal injury,
death, property or environmental damage ("Unintended Uses"). Customers shall take any and all actions to ensure using and selling
the Products in accordance with the applicable laws and regulations. The Company is not liable, in whole or in part, and customers
shall and hereby do release the Company as well as it’s suppliers and/or distributors from any claim, damage, or other liability arising
from or related to all Unintended Uses of the Products. Customers shall indemnify and hold the Company as well as it's suppliers
and/or distributors harmless from and against all claims, costs, damages, and other liabilities, including claims for personal injury or

death, arising from or related to any Unintended Uses of the Products.

Information in this document is provided solely in connection with the Products. The Company reserves the right to make changes,

corrections, modifications or improvements to this document and Products and services described herein at any time, without notice.

© 2022 GigaDevice — All rights reserved
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