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1 Introduction

The art of capacitive sensing often results in multiple design iterations before specifications are met.

This can be a cumbersome task for the designer. Therefore, the number of design iterations can be

kept to a minimum by following good design practices. A successful touch product is achieved with a

good sensor design.

Capacitive touch applications are aimed at replacing most mechanical pads without significant added

costs. Most mechanical buttons, sliders and wheels deteriorate over time, so a capacitive touch ap-

proach offers a more reliable design. Furthermore, an aesthetic value is added to the design, leaving

it with a sleek, professional finish.

This design guideline aids designers with integrating ProxSense® technology into new and existing

designs. The guideline will give general recommendations for a quick-start design of capacitive but-

tons, sliders and wheels. Please take note that this document should only guide you towards a final

design. Designs discussed in this document should not be scaled directly to suit your application, and

all considerations should be kept in mind. The design guidelines are for designs that employ both self-

capacitive and/or mutual capacitive sensing. For a more in-depth explanation of capacitive sensing

refer to AZD004.

2 Starting a New Design

Some challenges may arise when starting a new capacitive touch design. This design guide provides

some basic design practices for different sensors that could be used in your application. We go through

the following to provide the necessary information to help you identify what sensor is best suited for

your application:

> Best Practices

> Proximity Sensing

> Touch Buttons

> Sliders and Wheels

Additionally, it is important to consider the following factors in your design.

> Temperature Effects

> Water Immunity and Humidity

> Noise
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3 Best Practices

This section will cover the general mechanical layout for capacitive touch applications, as well as

general layout practices.

Capacitive touch detection can be thought of as some form of analog-to-digital converter (ADC), more

specifically a capacitance-to-digital converter. Therefore, resolution, signal-to-noise, and linearity, es-

pecially in the case of sliders and wheels, are of great importance when designing for optimum per-

formance.

Fundamentally, capacitive touch detection is the measurement of change in capacitance. The change

in capacitance is then converted to a digital signal where the strength of the signal determines the

sensitivity. A stronger signal equates to a more sensitive device.

At Azoteq®, we describe sensitivity as a measure of capacitance per count. When a touch is intro-

duced, a change in capacitance is measured. This change in capacitance can range from hundreds

of femtofarads to low picofarads. If 100 counts are measured with a 1 pF change in capacitance, the

sensitivity can be described as 10 fF/count. It should be noted that the sensitivity of the device must

factor in noise. Although sensitivity can be adjusted within firmware, it is better to design the hardware

for good sensitivity, thus providing optimal, low-noise device performance even at the lowest sensitivity

settings in firmware.

Electrode

Trace

Ground

PCB

ComponentComponent

CTouch

CElectrode CTrace CP2

CP1

Cx

Figure 3.1: Equivalent Circuit Parasitic Capacitance

If we look at the equivalent circuit of a self-capacitive sensor, we see that the capacitance measured by

the Cx pin is made up of multiple capacitances. The goal is to maximize CTouch and minimize parasitic

capacitances CElectrode, CTrace, CP1 and CP2. The trace and electrode capacitances are approximated

as parallel plate capacitances. The capacitance of a parallel plate configuration can be calculated with

the following equation:
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Figure 3.2: Capacitance illustration

C =

ϵrϵ0A

d
(1)

Where ϵr is the dielectric constant, ϵ0 is the vacuum permittivity constant, A is the surface area of the

plate and d is the distance between the parallel plates. The capacitance equation forms the basis for

the design of capacitive touch sensors.

As mentioned previously, the parasitic capacitance is a part of the measured signal and can be de-

scribed as the steady-state or baseline capacitance. Therefore, decreasing the parasitic capacitance

will increase sensitivity.

3.1 Mechanics

The mechanics of the design include the overlay, the overlay decal, the adhesive that bonds the

overlay to the electrode, and the material used to fill air gaps between the electrode and overlay.

Parasitic capacitance is affected by the mechanics, which in turn affects the signal measured by the

capacitive sensor.

This section describes how different materials used in the stack-up affect the layout of the electrode.

3.1.1 Basic Stackup

BUTTON

Decal

Overlay

Adhesive

FR4

Copper

Figure 3.3: Capacitive touch mechanical stackup

A typical capacitive touch mechanical stackup is shown in figure 3.3. As mentioned previously, the

capacitive sensor measures the change in capacitance, therefore, a bigger change in capacitance

provides a stronger signal. With this in mind, we aim to optimise the performance of the capacitive

touch sensor by reducing low-dielectric gaps, such as air, between the electrode and touch area.
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Air gaps also provide an area for moisture to build up, which could influence the performance of the

device. High-dielectric materials are recommended for improved performance.

It should be noted that the stackup should not contain conductive material.

3.1.2 Overlay

An overlay is a non-conductive material used to isolate the touchpad from the user. They are generally

used to increase the robustness of a capacitive touch design, enabling the design to withstand higher

levels of ESD. They also add to the aesthetic value of the design, as custom prints can be done on

the side that is in contact with the sensing pad, which can be seen through the overlay in figure 3.4.

This also allows for the sensing pad to be bigger than the printed graphic without affecting the user’s

interpretation of the pad.

Azoteq

Figure 3.4: Custom print behind the overlay

Conductive materials should not be used for the overlay. Different materials have different relative

permittivity (dielectric constant - ϵr) values, which are directly linked to the propagation ability of an

electric field through the material. The higher the relative permittivity, the better the electric field will

propagate through the material. This relates to equation 1, where an increase in ϵr will increase the

capacitance, which in turn increases sensitivity.

Typical overlay materials include Perspex/Plexiglass (ϵr = 2 to 3), and glass (ϵr = 7 to 8), but other

plastic materials or even PCBs (FR-4) can be used. Some common overlay materials as well as their

relative permittivity and breakdown voltage (relevant for ESD testing) are provided in table 3.1.

Material Relative Permittivity (ϵr)
Breakdown Voltage

(V/mm)(approx.)

Air 1.0 3000

Glass (standard) 7.6-8.0 7900

Plexiglass 2.8 17700

Mylar 3.0 295200

FR-4 5.2 27500

Nylon 3.2 16000

Table 3.1: Overlay material relative permittivity and breakdown voltage
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The overlay thickness can range from 0.8 to 10 mm (0.8 mm to 3 mm is recommended for most

typical applications), where the thickness is dependent on the application. In the case of self-capacitive

sensing, a thinner overlay provides better sensitivity. Where mutual capacitance is used, a thicker

overlay could help with sensitivity to a certain extent.

Good contact between the overlay and the sensing pad is very important. The overlay should be

directly mounted to the substrate containing the sensing pad and preferably touching the sensing pad.

There should not be any play between the overlay and the sensing pad as this can cause unwanted

mechanical effects. Preferably, adhesives such as non-conducting glue /double-sided adhesive tape

or other mechanical compression mechanisms (plastic screws /spring clips/etc) can be used to fix the

overlay to the substrate containing the touch pads.

Example adhesive materials include 3M’s 467 and 468 model tapes, which are widely used for ca-

pacitive sensing applications.

3.1.3 Electrode and Trace Materials

The conductive material of the electrode and trace affects the ability of the conductor to move charge.

An increase in resistivity has a similar effect to an increase in parasitic capacitance, which reduces

sensitivity. We recommend using copper for most applications. The charge transfer capacitive sensing

method, mentioned in AZD004, can handle resistive paths. Please refer to AZD102 for more infor-

mation on capacitive sensing differences when using resistive paths higher than the recommended

schematic.

3.1.4 Substrate

The material on which the key electrodes are placed is called the substrate. The electrodes should be

electrically conductive and in contact with the substrate material.

Capacitive sensor conductor and PCB/FPC substrate types include copper tape, printed ink on plastic,

traditional FR-4, FPC variations, and simple insulated wire. Below are commonly used examples with

preferred suitability for capacitive sensor use.

Material ϵr@1MHz
Parasitic Load

Susceptibility

Temperature

Dependency

FR-4 (N4000-29) 4.5 MEDIUM MEDIUM

FPC (PET) 3.4-3.5 HIGH HIGH

PI (Kapton) 3.4-3.8 MEDIUM MEDIUM

Printed ink (on ABS)

or LDS Technology
2.8 LOW LOW

Co-axial (PTFE

dielectric)
2.1 HIGH HIGH

Insulated Wire ≈1 LOW LOW

Table 3.2: Substrate material parasitic load susceptibility and temperature dependency
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The relationship between the different materials can be seen in figure 3.5.
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Figure 3.5: Substrate comparison

3.1.5 Other Situations

This section describes two situations that do not typically occur. The first case that needs to be con-

sidered, is air gaps between the electrode and overlay, and the second case is the use of gloves when

operating capacitive touch pads.

Gaps There are cases where components are on the same layer as the electrode. This creates a

gap between the electrode and overlay as the components prevent the overlay from making direct

contact. An example of this can be seen in figure 3.6.

Overlay

PCB

Air Gap

Figure 3.6: Air gap between overlay and electrode

An air gap could form when the overlay material is not a uniform surface, therefore, the electrode may

not make direct contact with the overlay. Springs and conductive rubber or carbon contacts work well

to remove the air gaps between the PCB and the overlay. In applications where it is not possible to fix

the electrode PCB to the overlay, conductive rubber or carbon contacts work well to remove small air

gaps, whereas larger air gaps can be removed with springs.
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As previously discussed, air has a low dielectric constant. From equation 1, we see that the capaci-

tance with a 1 mm air gap dielectric (without moisture) is approximately the same as the capacitance

of an 8 mm thick glass dielectric. This can be seen in figure 3.7.

Air (No Moisture)

Glass

1 mm

8 mm≈  

Sensitivity

Figure 3.7: Overlay comparison

As previously mentioned, it is recommended that the air gap be filled with a carbon contact or a

conductive rubber. The conductive rubber should be malleable to conform to the shape of different

components and surfaces. The dielectric value of the filler material should be taken into consideration

when deciding on the material to fill the air gap.

Overlay

PCB

Foam

Figure 3.8: Foam filled in between overlay and electrode

Gloves There are applications where capacitive touch is used in conjunction with gloves. Gloves

add another dielectric medium between the sense electrode and the finger. Applications that require

gloves can become challenging when designing for both gloved and gloveless operation. Alternative

user interface options are typically implemented when the application involves the use of gloves. In

most cases, a "tap-gesture" interface allows for successful operation with and without gloves. For

optimizing capacitive sensor applications that require the use of gloves, please contact Azoteq®.

3.2 Common Layout Considerations

Once the mechanics of the design are recognized and before the design of the capacitive touch

application, it is important to consider how the layout design is affected by the distance between the

IC and the capacitive electrode, the PCB stackup and other PCB circuitry.

First consider the placement of external components related to the capacitive touch solution such

as decoupling capacitors used on power lines, and ESD protection components like current limiting

resistors. These components should be kept as close as possible to the IC to reduce noise coupling

and/or ESD conducting into the device.

The following sections will discuss methods of reducing parasitic capacitance and crosstalk. Refer to

AZD004 for an explanation of parasitic capacitance.
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3.2.1 Routing

Optimised routing and pad placement will greatly increase capacitive detection sensitivity by reducing

parasitic capacitances of the trace.

Length and Thickness: PCB manufacturing capabilities directly affect the ability to reduce parasitic

capacitances by allowing tighter tolerances. This allows smaller trace widths and larger separation,

resulting in lower capacitance per unit length. The trace length between the pad and the IC should be

kept as short as possible. A trace width (W) of 0.2 mm is good, but thinner is better.

W

H

S

Coplanar Capacitive Sensing Routing

Ground GroundSignal

Coplanar Capacitive Sensing Routing 

with Ground

Ground Ground

Ground

Signal/Trace

Grounded Coplanar Capacitive Sensing 

Routing

Ground Ground

Ground
Via

Signal

Via

Figure 3.9: Coplanar waveguide, coplanar waveguide with ground and grounded coplanar waveguide

Any "coplanar capacitive sensing routing" with GND on the bottom layer may be beneficial for RF

immunity and other shielding purposes but will be more susceptible to temperature changes and other

environmental effects. In most cases where the user cannot touch the traces, coplanar capacitive

sensing routing without GND on the opposing layer is an optimal solution when it comes to sensing

performance.

Increasing the separation (S) between the trace and ground will effectively reduce the parasitic capac-

itance. It should be noted that increasing the separation increases the board size. A larger separation

also makes the trace more sensitive to touch events.

As the height of the substrate (H) gets smaller, the parasitic capacitance increases. For most applica-

tions where a 2-layer PCB is used, we recommend a standard FR-4 PCB with a thickness of 1 mm to

1.6 mm. In the case of a multilayer PCB, H should be kept as large as possible to reduce the parasitic

capacitance.

Components: As mentioned previously, it is important to place Cx resistors as close as possible to

the IC, as this will increase RF immunity. The supply capacitors on VDD and VREG should also be

placed as close as possible to the IC.
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Routing to other pads or components should not occur behind touch pads. If possible, place touch

pads on the top layer of the PCB (closer to the user) and route traces, leading to the pad, on the bottom

layer and connect the traces with a via. The touchpad traces should be properly spaced (maximum

allowable for design), as this will decrease the coupling between sensors and increase sensitivity.

Routing should not occur between touchpads as this could cause false touch detections if they are

accidentally touched. Try to keep the pads a minimum length of the overlay thickness away from any

trace or at least 5mm.

Ground

ElectrodeElectrode

Electric Field Electric Field

Figure 3.10: Ground effect on E-field

Ground pours close to an electrode (closer than 5 mm) are undesirable due to the parasitic capaci-

tance that lowers the sensitivity. This effect can be seen in figure 3.10. More parasitic capacitance is

present when the sensing electrode is parallel to the ground pour. Although new-generation ICs can

compensate for larger parasitic capacitance in the system, the ground around the sensing area will

still attract the field lines which can cause a perceived reduction in sensitivity.

Ground pours greatly improve EMC immunity when placed around and on the opposite side of a

ProxSense® or ProxFusion® IC. It is recommended to place ground pours for applications requiring

improved EMC immunity. It should be noted that a clearance between the “ground pour” and any

sensing lines (Cx pour and traces) should be maintained. Please refer to the application notes on

EMC design for further details (AZD051 & AZD052).

IC

Cx

Cx

Cx

Cx

Cx

Cx

Figure 3.11: Ground pour omitted behind sense electrodes

Copyright © Azoteq 2025

All Rights Reserved

AZD125 - Capacitive Sensing Design Guide

Revision v1.2

Page 11 of 41

March 2025



IQ Switch®

ProxFusion® Series

A hatched ground is another method of reducing the parasitic ground area and consequently the

parasitic capacitance. This can be seen in figure 3.12.

Figure 3.12: Hatched Ground

As previously mentioned, it is recommended that copper be used for routing and the electrode. Please

contact Azoteq® if other materials are required for your design.

3.2.2 Spacing between Electrodes

Azoteq®’s ProxSense® and ProxFusion® devices allow non-active electrodes to be driven to ground,

effectively treating adjacent electrodes as an extension of the ground pour. Therefore, the same rules

for spacing between an electrode and ground apply here. It is necessary to provide enough separation

between electrodes to allow the E-field to propagate up and through the overlay material.

Spacing between electrodes should be considered for button applications, as wheels and sliders re-

quire the spacing between electrodes to be small enough that performance is not affected. The spac-

ing between electrodes should be sufficient to avoid false touch detections, like triggering two buttons

when only one button-press was intended.

3.2.3 Shapes

As seen in equation 1, capacitance is a function of area, which will be affected by the shape of the

electrode. The electrode should be designed to maximize the area to increase the capacitance when

a touch event occurs. This is discussed further in sections 6 and 7.

3.2.4 Crosstalk

This section discusses different sources of parasitic capacitances and coupling. These sources can

either be other capacitance sensor traces or non-capacitance sensor lines routed near the active

sensing trace. Non-capacitive sensor lines include digital signals, analog signals, high-current signals

to drive LEDs, class D amplifiers at low-frequency kilohertz range and NFC signals.

Adjacent Capacitive Touch Signals Capacitive touch sensor traces can be affected by adjacent

capacitive touch sensor traces that use a different sensing engine during the same time slot. In this

case, the space between the sensor traces should be kept at a safe distance to reduce coupling.

Sensors that are routed next to each other, but sensed in different time slots are typically not prone

to the effects of crosstalk. Coplanar ground traces (Figure 3.9) are recommended in cases where

crosstalk is possible between sensor lines.
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Digital Signals, LEDs and LED Backlighting Digital signals such as PWM signals, I2C or SPI are

active during a capacitive measurement, unlike other capacitive traces. It is recommended that the

signals be kept a minimum of 4 mm away from the capacitive sensor traces and if they must cross,

keep the crossing at an angle of 90◦.LEDs may also be driven by digital signals and therefore, it is

recommended that the LED driver line be kept a minimum of 4 mm away from the capacitive sensor

traces.

Ideally, LEDs should be driven by a constant current and not pulsed (for example via PWM, a form

of "high-impedance control"). There is a difference in the on- and off-state capacitance when high

impedance is used to prevent the LEDs from conducting. Worst case, this difference in capacitance

can be interpreted as a false touch detection. It is recommended that a discrete capacitor (typically 1

nF) be used in parallel with the LED if high-impedance control is unavoidable.

If an LED is used behind the capacitive touchpad, the hole should be kept as small as possible to

avoid dead spots in the sensor. These LEDs may require a bypass capacitor.
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4 Proximity Sensing

LED

Electrode

Figure 4.1: Light up button LED using proximity

Proximity sensing is the method of detecting a finger, hand or body, at some distance away from the

sensing electrode. The electrode is designed for greater sensitivity to allow the ranged detection. Prox-

imity sensors in your design can allow for reduced system power consumption and provide feedback

when there is human interaction with the system.

4.1 Proximity Design Considerations

The range of the proximity sensor is dependent on various factors:

> The size and shape of the proximity sensor

• The sensing range increases with electrode size.

• The range is also dependent on the size of the approaching object.

> The sensors configured tuning values

• The range is increased with higher tuning values.

• These include the gain and proximity threshold.

> The surrounding conductor

• The proximity range increases by increasing the separation between the sensor and sur-

rounding conductors such as ground.

• In the case of mutual capacitance, an increase in the separation between the Rx and Tx

electrode also increases the sensing range.

• A capacitive system well connected or coupled to earth will increase the proximity perfor-

mance of a user (typically well coupled to earth).

> The surrounding environment

• Increasing the sensing range of the proximity sensor will also increase the effects of tem-

perature drift, humidity, and noise due to an increase in sensitivity.

Therefore, it is important to carefully balance the sensor size, configurations, and stability.
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5 Grounding Effects

A capacitive sensor relies on a closed loop to perform sensing. Having a battery supplied portable

unit impacts the sensitivity of the sensor compared to a well grounded unit.

5.1 Battery Supplied Unit

In Figure 5.1, a capacitive loop is formed by the body of the person activating the sensor, then C1, then

the electrical path through the electrode and module, then C3 and finally C2 (the body of the person

coupling with earth). The ProxSense® module will detect a change in capacitance relative to the long

term steady state value. It can be seen in Figure 5.1, that with no clear reference, a change in either

C1, C2 or C3 will cause a change relative to the steady state reference and could be interpreted by the

module as a legitimate activation.

ProxSenseTM

Module

Battery Supplied Module

Sense Electrode

C3

C1

C2

<10 pF (typical)

>100 pF (typical)

Figure 5.1: Battery supplied unit

Under normal circumstances, C2 stays relatively fixed and C3 stays relatively fixed if the portable

unit is not moved. Therefore, as a user approaches the electrode, C1 changes and is detected as

an activation. It must be noted that the further the module is removed from earth, the weaker the

coupling between the module and earth becomes (resulting in a smaller C3 capacitance). The total

capacitance is the series combination of C1, C2 and C3. The total capacitance is dominated by the

smallest capacitance in the series network. Therefore, when C3 « C1, any changes in C1 becomes

less significant, resulting in a less sensitive system.
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5.2 Well Grounded System

Figure 5.2 depicts a well grounded application. This is a typical application supplied from a wall outlet.

No capacitive coupling between the module and earth (C3) is required, resulting in a better referenced

system (only C1 is affected). The sensitivity of a well grounded system is better than an battery supplied

unit since C3 is omitted and C2 has very little impact on the system. This means that small changes

in C1 are easily detected.

ProxSenseTM

Module

Well Grounded Module

Sense Electrode

C1

C2

<10 pF (typical)

>100 pF (typical)

AC/DC

Supply

Figure 5.2: Grounded unit

5.3 Device Ground Effects

Figure 5.3 depicts a battery powered system with the system ground close to the sense electrode. In

a system that is loosely coupled to earth ground (C3), the system or "local" ground may be important

for the design. The "local" ground surrounding the sense electrode or the battery in close proximity to

the electrode can form part of the touch button or proximity sensing design. Here, a user’s touch or

proximity will increase the capacitance sensed even if the user has negligible coupling to the battery

powered unit itself. Typically a battery system can achieve acceptable proximity detection due to the

capacitive fields between the sensing electrode and the battery or PCB ground. In a similar way a

battery system can deliver a sensitive touch button without unwanted proximity effects when the touch

button is surrounded by system GND.

ProxSenseTM

Module

Battery Supplied Module

Sense Electrode

System Ground

C3

C1

C2

<10 pF (typical)

>100 pF (typical)

Figure 5.3: Battery supplied unit (Weak earth coupling)
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5.4 Portable Unit Sensitivity Improvement

A number of methods could be used to improve the sensitivity of a portable unit. In general, no special

steps need to be taken for devices making use of a Touch detection, but may be required for small

battery powered devices requiring a Proximity detection.

The following methods can be implemented to improve proximity detection:

> The physical size of the system can be enlarged to improve coupling to earth.

> If possible, a large ground plane can be added to the system. If the system allows, mounting the

ground plane (or the module) to physical surfaces like the floor or a wall will improve sensitivity.

(A battery supplied unit will have better Proximity sensitivity when mounted on a wall).

> The module can be connected to other battery supplied equipment (effectively enlarging the the

ground coupling surface).

> In some cases, enlarging the sense electrode may improve sensitivity (however care should be

taken, as this also increases the area that noise can couple into, increasing noise susceptibility).

> In small portable devices, the closeness of ground planes and components may reduce the

sensitivity on the sensor due to parasitic capacitance. The effect of parasitic capacitance is

reduced with the ATI algorithm.

> When used in a Touch application, a more sensitive threshold can be chosen. Even a Proximity

threshold can be chosen in very insensitive systems to detect a Touch. When doing this, it is

crucial to keep section 10.1 in mind and ensure there is enough signal above the system and

environmental noise.

> Reducing the thickness of the overlay material or using an overlay with a better dielectric value

will improve sensitivity (e.g. glass is better than plastic).

> Avoid air gaps between the sensor and the overlay material. (Use a spring with a conductive

surface pressing against the overlay where big air gaps exist or attach the touch pad directly to

an overlay using non-conductive glue/double-sided tape).
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6 Touch Buttons

Buttons are simple square or circular electrodes that are used to detect a finger touch.

This section will discuss both self-capacitive and mutual capacitive button designs.

6.1 Self-Capacitive Touch Buttons

A self-capacitive button sensor requires a single electrode to measure a change in capacitance caused

by a touch. Self-capacitive buttons are straightforward to layout and only use one input pin on the IC.

6.1.1 Button Shapes

The electrode is most commonly circular or rectangular with sizes 10 mm and smaller. A touch pad

from as little as 5mm x 5mm can also be used but will require a thin overlay and should be properly

tested.

A rounded shape provides a more uniform field. However, the shape of the button is not as important

as the area of the pad (A), the dielectric constant of the overlay material (ϵr), and the thickness of the

overlay (d). Figure 6.1 shows an example of the self-capacitive button layouts.

PCB Rx

Figure 6.1: Circular and rectangular self-capacitive touch buttons

The pad size and overlay graphic does not have to be the same size. It is good design practice to

have a larger pad behind the overlay, as sensitivity decreases at the edges of a pad. The button area

should provide a sufficient signal when a touch is made. Usually, an ink or a non-conductive decal is

used to identify the touch button. The size of the electrode can be made bigger than the decal so that

a touch on the edge of the decal will register a touch. This can be seen in figure 6.2 below.

PCB

Ground

Electrode

Overlay

Finger Sizes

Decal

Electrode

Effective Area

Figure 6.2: Effective sensing area for an electrode larger than the Decal
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An electrode smaller than the decal will ensure that a touch activation only occurs in the centre of the

decal. This can be seen in figure 6.3 below.

PCB

Ground

Electrode

Overlay

Finger Sizes

Decal

Electrode

Effective Area

Figure 6.3: Effective sensing area for a decal larger than the electrode

A common mistake made when designing a self-capacitive button is making the electrode the same

shape as the printed icon/decal. This leads to a reduced surface area and discontinuities in the ca-

pacitive electrode. This design is seen in figure 6.4 on the left.

Figure 6.4: (Left) Bad electrode design. (Right) Common electrode shape under custom decal.

The electrode should instead be the more common rectangular or circular shape while the decal can

be any shape that is required while still covering the electrode as seen in figure 6.4 on the right.
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6.1.2 Button Performance as a Function of Overlay Thickness and Electrode Size

Before determining the performance of the button, it’s important to first define its functions. For exam-

ple, a button may be required to activate with a hovering finger, a touching finger or both. Once the

application has been determined, the electrode size and overlay can be determined.

Rx Rx Rx

Figure 6.5: (Left) Default setup. (Middle) Larger electrode. (Right) Thinner overlay.

For self-capacitive sensing, a larger electrode will give more sensitivity. An increase in sensitivity is

also seen for a thinner overlay. This can be seen in figure 6.5 above.

Figure 6.6 below illustrates the difference between the proximity function and the touch function for

a self-capacitive button. With the proximity function, the electrode is required to detect the user at a

given distance above the overlay, while a touch is defined as making physical contact with the overlay.

Rx Rx

Figure 6.6: (Left) Touch button application. (Right) Proximity button application.
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For touch applications, the design would need to be optimised so that a touch is detected only once

contact is made with the overlay. For proximity applications, there should be an almost linear change

in capacitance as a finger is brought closer to the electrode. A proximity vs touch activation profile can

be seen in figure 6.7 below. In the case of proximity, as the finger approaches the electrode there is a

gradual increase in delta counts (increase in capacitance). For touch applications, there is a sudden

increase in delta counts (increase in capacitance) when contact is made with the overlay.

D
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C

o
u

n
ts
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Distance to finger from overlay0 mm

Proximity Profile

Touch Profile

Prox

Touch

Figure 6.7: Touch vs proximity activation profile
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6.2 Mutual Capacitive Touch Buttons

A mutual or “projected” capacitive button sensor requires two electrodes - one functions as a Tx, while

the other functions as a Rx. It is possible to pack the electrodes closer together with a low risk of cross

talk between neighbouring electrodes. With mutual capacitive electrodes, multi-touch is also possible

by multiplexing the channels.

The electrode shape is typically rectangular with common sizes being 5 to 15 mm. Figure 6.8 below

shows an example configuration.

Figure 6.8: Mutual capacitive touch button

Figure 6.8 shows a top view of an example mutual capacitance button having a Tx, Rx and GND pour.

The Tx and Rx are shown to be hatched for improved performance. Figure 6.9 below shows the typical

dimensions of the electrodes for a small 6 mm button. Additionally, a side view of the PCB is given

showing the overlay. For an overlay with 1 mm thickness, the Tx and Rx have a typical width of 0.7

to 1 mm. The gap between the Tx and Rx should be approximately half of the width of the electrode.

Finally, the gap between the Rx and the GND plane in the middle should be (1) equal to or greater

than 0.5 mm, and (2) should always be greater than the width of the Tx-Rx gap.

6

0.7 0.7

0.5

0.3

1

Figure 6.9: Top and side view of 6 mm button with 1 mm overlay
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The electrode dimensions shown for the small button stays the same for a bigger button, if the overlay

thickness stays the same. This is illustrated in figure 6.10. The GND plane in figure 6.10 is noticeably

bigger than the GND plane in figure 6.9, which may lead to unresponsiveness in certain applications.

If this is a concern, please contact Azoteq® for assistance.

15

0.7 0.7

0.5

0.3

1

Figure 6.10: Top and side view of 15 mm button with 1 mm overlay

It should be noted that the dimensions given here will scale with overlay thickness. For example, an

overlay of 2 mm thickness will have electrode widths of 1.4 to 2 mm, and the Tx-Rx gap is increased

to 0.6 mm, while the Rx-GND gap is increased to 1 mm, as indicated in figure 6.11.

15

0.6

1.4 1.4

1

2

Figure 6.11: Top and side view of 15 mm button with 2 mm overlay
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7 Sliders and Wheels

A Slider or wheel is a multi-element sensor used for designs that use volume control, brightness

control or LED color blending. Usually, designs make use of 3 to 4 electrodes, but more elements

can be used. The upper limit of elements is restricted by the number of channels available on the IC.

More elements increase complexity as routing becomes more difficult, but provides easier access to

increased linearity.

The designer would have to decide whether a self-capacitive slider or a mutual capacitive slider will

be used for their end application.

> Self-capacitance

• Simple to design

• Simple to route, especially on single-layer designs

• One Cx pin per electrode

> Mutual capacitance

• Extra Cx pin needed for Tx electrode

• The method creates local E-field between Rx and Tx electrodes reducing electromagnetic

crosstalk with nearby sensors

• Better moisture rejection than a self-capacitance sensor

• Tx track must be shielded from Rx tracks by routing ground between them

This section provides a brief overview of important aspects that one should be aware of when design-

ing a touch slider or wheel.

7.1 Self-Capacitive Sliders and Wheels

A self-capacitive slider can be created by placing a row of self-capacitive electrodes (elements) close

to each other while a self-capacitive wheel is created with electrodes in a circular formation close to

each other. Typically, 3 or 4 elements are necessary to get optimal performance. The measured signal

on the self-capacitive channels are used to calculate a touch coordinate. Coordinate linearity can be

improved by interdigitated sensor electrodes and an increased number of sensor elements.

For simplicity, the design of a self-capacitive slider will be explained but the same considerations apply

to the self-capacitive wheel.

Figure 7.1: Touch slider and wheel
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7.1.1 Electrode Pitch

The pitch of the elements should be at least half the width of a fingertip. As mentioned previously,

a typical user’s fingertip may be approximated as a circle with a diameter between 5-10 mm and

on average 8 mm. A pitch bigger than approximately 8 mm with no interdigitation will lead to poor

coordinates calculated versus the actual touch location on the slider. Only one of the elements will be

in a touch state as the touch moves across the slider, which means there will only be a signal on one

of the channels.

Figure 7.2: Self-capacitive slider with a larger pitch

Figure 7.3: Self-capacitive slider with a larger pitch (Response)
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The linearity of the slider or wheel can be improved by reducing the sensor pitch to below half the

width of the touch which will be made. At least 2 or 3 of the elements will be under the touch area

when the sensor pitch is approximately 4 mm. A coordinate can then be calculated using the deltas

on 2 or 3 channels which will provide a more accurate coordinate.

Figure 7.4: Self-capacitive slider with a smaller pitch

Figure 7.5: Self-capacitive slider with a smaller pitch (Response)
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Interdigitated electrodes can further improve linear coordinate output by stretching the crossover be-

tween electrodes. Fewer channels are needed for a linear coordinate output.

Figure 7.6: Interdigitated self-capacitive slider

Figure 7.7: Interdigitated self-capacitive slider (Response)

7.1.2 Gap between Electrodes

Electrodes that are unused during the cycle are grounded. A slider with rectangular electrodes must

have a gap between them of 0.25 - 0.5 mm. A gap smaller than 0.25mm may cause excessive load ca-

pacitance to the adjacent electrode. A small gap between electrodes allows a smooth signal transition

from one channel to the next channel.
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7.1.3 Layout Guidelines

This section provides example layout patterns with minimum, typical, and maximum dimensions to

design a self-capacitive slider and wheel.

The corners of the rectangular electrodes are rounded to minimize susceptibility to ESD.

Pitch Width Gap

H
e
ig
h
t

Parameter Minimum Typical Maximum

Height 3.6 mm 8 mm 16 mm

Width 3.35 mm 4.5 mm 7 mm

Pitch 3.6 mm 5 mm 8 mm

Gap 0.25 mm 0.5 mm 1 mm

Number of Elements 3 3 or 4 8

Table 7.1: Rectangular Slider Parameters

A slider with interdigitated electrodes has longer edges running in parallel which leads to higher load

(parasitic) capacitance to adjacent electrodes. Therefore, larger gaps between these electrodes are

necessary. The small rectangular areas added to the slider on the left and right endings are referred

to as padding. Padding helps to reach the starting and end coordinates, for example, 0 and 255. The

tips of the fingers should be round-ended if there is a big risk of ESD in the application.

Gap

Tip Width

Fingers

Pitch Padding

H
e

ig
h

t

Parameter Minimum Typical Maximum

Height 8 mm 12 mm 20 mm

Pitch 8 mm 16 mm 28 mm

Gap 0.5 mm 1 mm 1.5 mm

Padding 1 mm 2 mm 3.5 mm

Tip Width 0.25 mm 0.5 mm 1 mm

Number of Fingers 3 5 7

Number of Elements 3 3 or 4 8

Table 7.2: Interdigitated Slider Parameters
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7.2 Mutual Capacitive Sliders and Wheels

Mutual capacitive sliders and wheels make use of a pair of electrodes to measure the capacitance

between them. A user’s touch reduces the capacitance between these electrodes by reducing the

amount of charge transferred from the Tx electrode to the Rx electrode. Similar to a self-capacitive

slider, a mutual capacitance slider can be created by placing a row of Rx electrodes close to each

other. The difference with mutual capacitance is that an extra Tx electrode is added. The same is

applied to the mutual capacitive wheel, where a Tx electrode is added to the wheel containing Rx

electrodes. Typically, 3 or 4 elements in a slider or wheel are necessary to get optimal performance.

The measured signals on the channels are used to calculate a touch coordinate. Coordinate linearity

can be improved by interdigitated sensor electrodes.

While mutual capacitive sliders and wheels are possible and they do offer certain benefits, such as

better moisture rejection and reduced EM crosstalk, over self-capacitive sliders and wheels, it is often

easier to design self-capacitive wheels, as well as offer better conducted immunity.

Below are some examples of mutual capacitive sliders and wheels.

Tx Rx

Figure 7.8: Example mutual capacitive slider design

The mutual capacitive slider consists of multiple Rx electrodes surrounded by a Tx electrode.

Tx

Rx

Figure 7.9: Example mutual capacitive wheel design 1

The mutual capacitive wheel in figure 7.9 is made up of multiple Rx electrodes, similar to the self-

capacitive wheel, surrounded by a Tx electrode.
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Tx

Rx

Rx

Rx

Rx

Figure 7.10: Example mutual capacitive wheel design 2

Figure 7.10 shows a design for the mutual capacitive wheel where the Tx electrode and Rx electrodes

are interdigitated in the wheel.
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8 Temperature Effects

8.1 General

A temperature change can impact the capacitive sensor measurements. Our ICs can track the drift in

temperature and automatically tune the device to maintain sensitivity when the device is not in touch.

Please refer to Section 8.2 for ’in-touch’ temperature tracking.

User interface settings can be optimised for temperature shock or maximized proximity detection.

Additional UIs and layout techniques are required to handle shock events while maintaining high sen-

sitivity.

Substrate materials’ thermo-dynamic properties play a significant role. As seen in section 3.1.4, thin

FPC designs have high-temperature dependency, while LDS technology offers low-temperature sta-

bility.

8.2 Follow UI Setup

Some ICs offer a functionality called Follow UI, which allows for long-term ’in-touch’ tracking. An ex-

ample application for this functionality is wear detection, where a device is being worn for extended

periods, requiring continuous capacitive sensing. This section will provide a brief explanation of how

to set up this functionality, starting with the electrode configuration.

8.2.1 Electrode Configuration

In its simplest form, the Follow UI system requires a sensing and a reference electrode, where both

function independently as self-capacitance electrodes. As the name suggests, the purpose of the

sensing electrode is to detect user interaction with the device and should therefore be designed to be

sensitive to human presence. The reference electrode, however, should be designed such that:

> It is not affected by user interaction.

> It is subject to the same temperature changes experienced by the sensing electrode.

The latter requirements may be achieved by using the following guidelines:

> The reference electrode must be smaller in size than the sensing electrode. This will ensure that

the reference electrode remains insensitive to human interaction. It is typical for the reference

electrode to be a PCB trace with a width of 0.2 mm. To avoid a too-sensitive reference electrode,

its width should be equal to or less than half of the thickness of the overlay. Refer to Figure 8.1

for an illustration.

Figure 8.1: Illustration of the approximate width sizing of the reference electrode

> The reference electrode should be placed such that it spans the same region as the sensing
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electrode. This will ensure that temperature changes over the entire sensing region will be de-

tected by the reference electrode. Refer to Figure 8.2 for a simple example of how the reference

electrode may be routed to cover the sensing region.

Figure 8.2: Illustration of the approximate PCB coverage of the reference electrode

> The sensor and reference electrodes must be connected to separate Cx pins, and must have

separate channels. For example, the sensor electrode may be connected to Cx0 and assigned

to Channel 0, while the reference electrode is connected to Cx1 and assigned to Channel 1.

8.2.2 GUI Configuration

The exact GUI configuration procedure will depend on the IQS device being used, but generally, there

are four main steps to be performed when configuring the Follow UI:

> Appoint a Follower Channel. First, one of the channels needs to be designated as a follower.

The channel of the sensor electrode must be selected as the Follower.

> Appoint a Reference / Leader Channel. Next, the channel that is used for the reference elec-

trode must be selected as the Reference or Leader.

> Select a Follow Event. The event that will trigger the following action must also be selected.

This may be when a specific channel goes into a proximity or touch state.

> Adjust the Follow Weight. The follow weight is a numeric value that determines how aggres-

sively the follower channel will follow the reference/leader channel. The method to determine
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the follow weight is explained in Section 8.2.3.

Note that the above list is only a general list of actions required to enable the Follow UI. Please refer

to the applicable IQS device’s application note, datasheet or setup guide for detailed instructions.

8.2.3 How to Determine the Follow Weight

The following steps may be taken to determine the correct follow weight for your application.

1. Perform a Temperature Characterisation Test.

The first step is to determine the temperature response of the application within the desired

operating temperatures. This will require an environment within which the temperature can be

reliably controlled. It is required to choose a Reference Environmental Temperature (Tre f ) at

which the electrodes are calibrated before the test. Typically, the reference temperature Tre f = 25

°C. Also, make sure of the following:

> Both the sensor and reference channels are activated. This can be confirmed by monitoring

their respective counts values in the Azoteq GUI.

> Both the sensor and reference channels have completed their ATI procedure at Tre f . When

this is completed, the ATI for both the Sensor and Reference channel should then be dis-

abled.

> The channels may not be in activation state.

> Optionally, using the logging function in the GUI can help with the post-processing of the

test results.

Now, change the temperature of the environment to the maximum (Tmax) or minimum (Tmin)

operating temperature, and take note of the counts values of both the sensor and reference

channels as they reach this temperature. It is expected that the counts values of the sensor and

reference channels will have increased or decreased with the change in temperature.

2. Calculate the Follow Weight

By using the results from the temperature characterisation test, the follow weight W f (in percent-

age) can be calculated using the following formula:

W f =
|Ns,i − Ns, f |

|Nr,i − Nr, f |
× 100, (2)

where:

> Ns,i is the counts value of the sensor channel at Tre f

> Ns, f is the counts value of the sensor channel at Tmax or Tmin,

> Nr,i is the counts value of the reference channel at Tre f and,

> Nr, f is the counts value of the reference channel at Tmax or Tmin.

3. Validate the Follow Weight

To validate the correctness of the follow weight, repeat the temperature test from Step 1, while

the sensor channel is in activation or proximity state (or whichever condition is required for the

sensor channel to initiate the following sequence.) During this test, it should be observed that

the counts delta at Tre f and Tmin or Tmax should be the same. If this is not the case, then slight

adjustments must be made to the follow weight until this is true.

8.2.4 Example Illustration of Follow Weight Calculation

To demonstrate the procedure of how to determine the follow weight value, an example will now be

given.

For this example, we will use the electrode shown in Figure 8.2, which has a sensor electrode con-
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nected to Cx0 and a reference electrode connected to Cx1. We will assume that this PCB is already

built into a watch device as the application. In the Azoteq GUI, we assign the sensor electrode to

Channel 0, and the reference electrode to Channel 1. Then, Channel 0 is set as the follower channel,

while Channel 1 is set as the reference channel. Since it is a watch application, we select the follow

event as a touch state. Finally, we use the ATI to set Channel 0 to 1000 counts and Channel 1 to 700

counts, at room temperature (25 °C).

Note that the counts target used here for Channel 0 is higher than the value for Channel 1. This is an

extra step of caution to ensure that the reference electrode does not detect user interaction. If Channel

1’s counts target was also set at 1000, it would be more sensitive and there would be a slight chance

that the reference channel can be influenced by the user. Thus, by setting it lower at a target of 700,

we ensure that the reference channel remains isolated from the user.

We want the watch to be operational up to 50 °C, so we will perform a controlled temperature sweep

on the watch from Tre f = 25 °C up to Tmax = 50 °C. Figure 8.3 below shows a typical result that may

be observed in the ’SCOPE’ view in the Azoteq GUI. For samples 0 to 100, the device was kept at 25

°C. Then, from samples 101 to 375, the device was heated to 50 °C, where it remained up to sample

500. It can be seen that both the sensor (blue) and reference (red) channel counts have decreased,

but blue more so than red. It is this difference in rate of decrease that is captured by the follow weight,

so that we may predict the LTA of the sensor channel by using the reference channel.

Figure 8.3: Example Scope View of a Device in a Temperature Characterisation Test
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Using these results, we can calculate the follow weight W f :

W f =
|1000 − 550|

|700 − 400|
× 100 = 150%, (3)

which means that for every 1 count change in the reference channel, we expect a 1.5 count change

in the sensor channel within the tested operating range.

Finally, we must validate the follow weight for when there is a touch event. After applying the follow

weight as determined in (3), the test is repeated, but with Channel 0 in touch. Figure 8.4 shows the

desired result of the repeated test. At sample 50 the device is put in touch and it is seen how a counts

delta is formed between the Channel 0 signal and LTA lines at Tre f = 25 °C.

Once again, at sample 100 the device is heated and here two LTAs are shown to demonstrate the

effect of the Follow UI. The light blue line follows the signal drift to maintain the counts delta, and is

controlled by the reference channel and the assigned follow weight. The green line is the LTA without

the Follow UI, which will remain halted because of the touch event. At sample 450, at 50 °C, the touch

is removed and it is shown how Channel 0 recovers to the level of the LTA that followed, indicating

a successful touch release. Without the Follow UI, the device would not have registered a released

touch event, since the green line did not follow the temperature change. Lastly, according to the third

point of Section 8.2.3, we must verify that the counts delta at Tre f and at Tmax are the same, which is

shown in Figure 8.4 to be true.

Figure 8.4: Example Scope View of a Device During the Validation Test

It should be noted that it is best to calculate the follow weight for several device samples before

determining the final follow weight to account for production variation.
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8.2.5 Follow Weight Troubleshooting

This section discusses some solutions to common anomalies that may arise during the follow weight

setup process.

> There is little or no drift occurring in the sensor channel. In this case, it is not necessary

to use the Follow UI for the application. However, it is recommended that the ’no drift’ result is

confirmed on multiple samples before concluding that the system is drift resistant.

> There is significant drift in the sensor channel, but no drift in the reference channel.

The reference channel’s sensitivity needs to be improved. This can be done by increasing its

resolution factor, or the base value of the channel may be lowered slightly if the resolution factor

increase alone is not sufficient. In the event that a lower base and a higher resolution factor

do not work, the reference electrode itself must be redesigned to be larger or better positioned

to observe the environmental changes. After these changes, it is important to verify that the

reference channel is still immune to user interaction.

> The sensor channel reaches a timeout state before reaching Tmin or Tmax.

The sensor channel needs to be adjusted to be less sensitive. To achieve this, the resolution

factor must be lowered. Then, re-run the test to verify that a timeout does not occur, and also

verify that the sensor channel is still sensitive enough to detect the user.

9 Water Immunity and Humidity

The performance of capacitive touch sensing can be affected by the build-up of moisture or liquid spills

on the sensing area. Moisture build-up or liquid spills affect the capacitive sensing electrode due to the

liquid exhibiting electrical conductivity. This conductive property allows the moisture or liquid to affect

the capacitive sensor similar to placing a conductor on the touch sensor. Moisture is also unpredictable

as:

> Its conductivity is variable

> The shape and size of droplets are variable

> Changes occur quickly, so it would appear more like a touch and less like an environmental

change

To make a design moisture tolerant, the touch application can be installed in a vertical configuration

(perpendicular to the earth) to allow accumulated moisture to naturally drip off due to gravity. There

should not be an opportunity for moisture or liquids to pool on the touch pad. The following can be

applied to make the capacitive touch design more tolerant to moisture:

> There should be sufficient spacing between buttons

> Provide enough spacing between the touch pad and ground

> Route electrode traces away from the surface that might come into contact with moisture or

liquid

> Try using a non-conductive enclosure for the design

If a design is highly susceptible to moisture changes (typical for devices that are not waterproof) the

effects can be reduced by using materials that are not sensitive to moisture like LDS (plastic printed

sensing pads) on the reverse side of the area that is moisture sensitive.

The capacitive touch solution can be designed in such a way that a liquid pool on the touch panel can

be detected and the touch functionality disabled until the liquid pool is removed. This can be achieved

by the use of a guard channel to detect large objects.
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10 Noise

Very small signals, in the order of low femto-farads, are detected by the capacitive sensor. Due to the

signals being so small relative to the parasitic capacitance, it is important to design for noise immunity

to achieve optimal SNR. The following steps can be applied to improve the noise immunity of the

design:

> First, determine whether self or mutual capacitance will be used for the design.

> Make sure the PCB layout adheres to the points in the hardware checklist below.

> Once the product has been fabricated and the settings can be tuned, make sure that the device

is tuned according to the tuning checklist.

Hardware Checklist

> Limit the size of the electrodes, it should not be bigger than necessary.

> Eliminate air gaps between the electrode and overlay.

> Keep traces to the electrode as short as possible and route traces away from the touch area.

> Use a dense return (ground) plane to limit fringe E-fields.

> Avoid connectors when routing Rx and Tx.

> Apply good power supply design principles.

Software Tuning Checklist

> For mutual capacitive sensing, a conversion frequency of 1 MHz and above should be used.

> Optimise the activation and release debounce values.

> Optimise count filter beta to reduce noise.

> Optimise threshold values to reduce false detections.

10.1 Acceptable SNR levels for proximity and touch

This section provides guidelines on how the proximity and touch thresholds must be set.

This threshold level disclaimer effectively outlines the minimum signal-to-noise ratio (SNR) require-

ments for implementing different functions.

> Non-critical functions (proximity triggers) should be implemented with SNR levels ≥ 3.

> Critical functions (touch triggers, 0mm touch) should be implemented with SNR levels ≥ 5.

This provides clear guidance on the necessary SNR levels for both non-critical and critical functions,

helping ensure the appropriate performance and reliability of the implemented triggers.

10.1.1 Bench test SNR levels

To choose an acceptable threshold for your intended application, follow these steps using the provided

example:

1. Identify the Noise Band: In this case, the noise band is given as 4 counts.

2. Determine Threshold for Non-Critical Functions: For non-critical functions (like proximity trig-

gers), the threshold should be at least 3 times the noise band. So, Thresholdnon−critical = 3× 4 =

12 counts.

3. Determine Threshold for Critical Functions: For critical functions (such as touch triggers), the

threshold should be at least 5 times the noise band. So, Thresholdcritical = 5 × 4 = 20 counts.
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4. Determine Minimum Typical Signal Level: The minimum typical signal level should be at least

125% of the minimum critical function threshold. So, Signalmin = 1.25 × 20 = 25 counts.

Based on the specified noise levels:

> For non-critical functions, the acceptable threshold is at least 12 counts.

> For critical functions, the acceptable threshold is at least 20 counts.

> The minimum typical signal level should be at least 25 counts.

These thresholds ensure that your system can reliably differentiate between signals and noise, and

that critical functions have a higher threshold for increased reliability. Adjust these values based on

your specific application requirements and tolerances.
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Monitoring noise in the short term involves observing fluctuations in a system over a brief period. When

doing so, it’s common to measure noise with a standard deviation of about 1. However, it’s essential

to acknowledge that occasional variations of up to 3 standard deviations (3σ) are feasible.

To establish effective thresholds for noise detection, it’s prudent to set them at least 3 times higher

than the average noise level of the system. This precautionary measure ensures that the thresholds

are robust enough to distinguish typical fluctuations from anomalies that may signal potential issues

or deviations from normal operation. Setting thresholds at this level, helps minimize false alarms while

still maintaining sensitivity to significant deviations in the system’s behaviour.

10.1.2 Pre-production testing

To ensure acceptable production-level performance, particularly for the critical functions, testing mul-

tiple units is crucial. Here’s a proposed testing plan based on the specifications:

1. Testing Multiple Units:

> For non-critical functions: Test 100 pieces.

> For critical functions:

• Test 1000 pieces.

• Ensure that at least 100 units are tested for multiple hours to mimic typical use. Also

ensure that any short false triggers can be logged and will not be missed.

• This extended testing phase is essential to validate the reliability and robustness of the

product under real-world conditions.

2. Extended Testing for Critical Functions:

> For critical functions, initiate longer production testing for the first 10,000 pieces to ensure

a failure rate of less than 100 ppm (parts per million).

3. Testing Criteria:

> During testing, evaluate each unit against the specified threshold levels to ensure they meet

the required SNR levels (3 for non-critical functions, 5 for critical functions).

> Monitor for any failures or deviations from expected performance during testing.

> For critical functions, pay close attention to any failures or issues that may arise, as these

can have significant implications for product reliability and user safety.

4. Analysis and Adjustments:

> Analyze the results of the testing phase to identify any patterns or trends in failures or

performance deviations.

> Make necessary adjustments to the manufacturing process or product design based on the

findings to improve reliability and performance.

5. Documentation and Reporting:

> Document all test results, including any failures or issues encountered during testing.

> Prepare a detailed report outlining the performance of the units tested, including any im-

provements made based on the testing outcomes.

6. Quality Assurance Measures:

> Implement stringent quality assurance measures throughout the production process to min-

imize defects and ensure consistent product quality.

> Continuously monitor and review production processes to identify opportunities for opti-

mization and improvement.

By following this testing plan, you can effectively validate the performance and reliability of your

product, particularly for critical functions, and ensure that it meets the required quality standards for

production-level deployment.
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11 Revision History

Release Date Comments

v1.0 2022/11/25 Initial document released

v1.1 2023/08/15 Temperature Effects section updated

v1.2 2025/03/11 Added SNR and Grounding Effect sections
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