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AZD130 - Keyboard Proximity Design Guide

Design guide for capacitive keyboard proximity sensors offered by Azoteq’s ProxFusion® range.
Description of design and production specification.
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1 Introduction

The aim of this document is to give a step-by-step guide on how to design capacitive sensors for
keyboard proximity applications. The Azoteq technology used for this application provides an intuitive
low power proximity solution.

A summary of the design process is shown below:

Design,
Specification Proposed Solution G Verification R Proguctlon !
and Testing
Manfacturing

Figure 1.1: Design Process Summary

The result of this process is to achieve the required proximity performance for the specific keyboard
application.

The document is structured as follows: Chapter 2 outlines the design specifications for Azoteq’s ca-
pacitive proximity sensing. Chapter 3 describes the capacitive proximity solution offered by Azoteq.
Chapter 4 provides various resources to aid in the design of keyboard proximity solutions. Chapter 5
demonstrates an example design of a keyboard with proximity sensing utilizing the IQS7223C. Chap-
ter 6 provides a process for validating the keyboard proximity design to ensure the requirements are
met. Chapter 7 describes the interface between the master MCU and the proximity sensor. Chapter
8 discusses important considerations for moving the proximity enabled keyboard into production.
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2 Design Specification / Product Requirements

This chapter outlines the key specifications for the keyboard proximity sensor that needs to be con-
sidered during the design process.

2.1 Mechanical Specification

A minimum distance of 3.5 mm between the metal plate electrode and ground plane is required for
self-capacitive proximity sensing applications. A distance < 3.5 mm will require a mutual capacitive

design.

2.2 Electrical Interface Specification

The specifications for sensor electrical and interface design are listed in the table below.

Specification
Supply Voltage (Vpp)
Internal Regulation (Vgeg)
Communication Interface
Master Reset Control

Additional Outputs

ESD protection

Radiated noise immunity

Current consumption

Copyright © Azoteq 2023
All Rights Reserved

Table 2.1: Electrical Specifications

Requirement
1.8V -3.3V
Digital and analogue domains (requires external decoupling capacitors)
[°C (SCL & SDA) + interrupt / data-ready (RDY active-low) for event indication
MCLR (some devices time share functionality on the same pin as RDY)

Optional, Up to 3x outputs with custom configurable logic and output
assignment

HBM up to class 3A and -B or IEC 61000-4-2 standard level 4 (contact and air

discharge)

System level qualification of finished product with the necessary protection can
be achieved with the recommended series resistance on sensor (CRX) pins
and the use of exposed ground traces and pours/floods for safe discharge.

Extreme measures incorporates the use of TVS diodes to clamp nodes when
and where necessary.

IEC 61000-4-3 standard test level 2 and 3 (3V/m — 10V/m)
Appropriate capacitive decoupling and sensor series resistive elements
(low-pass filter) component implementation and the placement thereof towards
effective decoupling ground sites which are sufficiently stitched and commonly
connected in a system are crucial for improved radiated immunity. Consider
antenna placement and feed lines with higher energy flow

Application use of different sensors, Uls and response rate requirements may
influence the current budget minimum allocation and brief periods of increased
consumption.

Optimisation of low power (sleep) current drawn should be minimised for
extended idle periods. Current consumption for keyboard proximity
applications are dependent on the response rate. A higher response rate
requires higher current consumption and vice versa. It is possible to achieve
sufficient performance below 10 pA in some cases.

AZD130 - Keyboard Proximity Design Guide Page 4 of 33
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2.3 Operational Environment Specification
The specifications for sensor operational environments are listed in the table below.

Table 2.2: Operational Environment Specifications

Specification Self-capacitive Mutual capacitive
Typical product -10°C to +60°C 10°C to +60°C
temperature range

Product operational 30- 0 70 %RH 30- o 70 %RH
relative humidity range

Usable charge transfer 125 kHz — 1 MHz 500 kHz — 4 MHz

frequency range

2.4 Sensing Range

A capacitive proximity sensor gives an indication when a user is within a specific range of the product.
A sensing range of 2-3 cm from the surface of the keyboard is recommended to prevent any undesired
proximity activations.

2.5 Report Rate and Wake-up Response Time

Table 2.3: Report Rate and Wake-up Response Time

Specification Requirement
Sensor Configuration Start Up Time < 1000 ms
Active Mode Report Rate >  50ms'
Low Power Mode Report Rate < 160 ms
Activation Timeout > 5000 ms

The activation timeout is required to allow the device to recalibrate when the environment is changed.

2.6 Communication Interface

"Event Mode" should be used to interrupt the master only when an event is detected. Channel prox-
imity flags should be read once an event is generated to determine whether the device is in "Prox".
2.7 Test Points

Exposed copper test points are required for VDD, GND, SDA, SCL and RDY. The test points are used
during production testing for rapid debugging of the proximity sensor.

'A higher report rate can be set to achieve better responsiveness but with an increased current consumption.
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3 Proposed Solution
This chapter provides a high-level overview of Azoteq’s keyboard proximity sensing solutions, includ-

ing a a brief overview of the different sensing methods, system diagram, a mechanical stack-up, and
a list of recommended Azoteq part numbers.

3.1 Keyboard Types

[ Keys
[] Metal/Plastic Back Plate
[ PCB
L/'__D:|.| L/||\JL/||\JL/||\JL/||\JL/||\J
| | || || || || | I
{ J { J J J J J

Figure 3.1: Keyboard Back Plate

A keyboard would either have a conductive metal back plate or non-conductive plastic back plate
as seen in figure 3.1. The conductive metal back plate of the keyboard can be used as a sensor
electrode, thereby simplifying the proximity sensor design.

An alternative sensing electrode should be used where a non-conductive plastic back plate is used.
Different sensing methods for both cases are discussed in the following section.

3.2 Sensing Methods for Various Keyboard Types

We recommend using the metal back plate of the keyboard as a self-capacitive sensing electrode.
This configuration can be seen in figure 3.2 below. The sensor will detect the user once they are
within the sensing range from the metal back plate.

[ Receiver (Rx)

0 0000 0000 0000 000 ZAzteq

0000000000000 1 000 0000
LJO000000000000] 000 000
(JOO000000000C 00U
(L J0000000000C 3 0 004
LI OO0 000 0

Figure 3.2: Self-Capacitive Keyboard Proximity Solution

.

This sensing method has a simple design that offers great performance. However, it should be noted
that the performance is dependent on the parasitic capacitance of the electrode. This parasitic capac-
itance is mainly determined by the spacing between the electrode and the ground plane. The smaller
the spacing between the electrode and the ground plane, the higher the parasitic capacitance. A
higher parasitic capacitance will result in a smaller sensing range as the influence of the user de-
creases. It is recommended to keep a distance of at least 3.5 mm between the electrode plate and
the ground plane for a self-capacitive configuration.
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Alternative sensing methods are available where desired performance cannot be achieved due to
electrode and ground plane spacing. A mutual capacitive configuration is recommended in such
cases. This configuration can be seen in figure 3.3 and 3.4 below, where the metal plate is used as a
transmitter electrode and a slim wire/trace used as the receiver electrode below the transmitter. The
receiver trace should have a ground plane cutout behind the trace to prevent undesired performance.

[l Receiver (Rx) [] Transmitter (Tx)

r[:] 0000 OO0 0odu 00U !Azofeq

0000000000000 000 0000
LJO000000000000] 000 000
(JOO000000000C ] 00U
(0000000000 1 0 004
OO OO0 000 0O

Figure 3.3: Mutual Capacitive Keyboard Proximity Solution Top View

O Keys

[0 Back plate (Tx)

[ Copper Trace (Rx)
[ pcB

1—é_r‘nm

Figure 3.4: Mutual Capacitive Keyboard Proximity Solution Side View

This configuration is only recommended for an isolated battery system as the sensing will not work for
a grounded system (for example: when plugged into USB power). In this case, it is recommended to
keep the keyboard backlighting on when not on battery power. If performance remains inadequate,
please contact Azoteq.

If the metal back plate is unavailable as an electrode, a simple wire or trace around the edge of the
keyboard can be used as the sensor electrode as seen in figure 3.5 below.

[ Receiver (Rx)

0 0000 0000 0000 000 fAzoteq |

0000000000000 ) 000 0000
LJO000000000000] 000 004
(JO0000000000C ] 004
L J0000000000C_J1 4 044
L0 | OO0 000 0

Figure 3.5: Self-Capacitive Keyboard Proximity Solution (Wire/Trace)
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The same applies for a mutual capacitive configuration where the metal back plate is unavailable.

[l Receiver (Rx) [ Transmitter (Tx)

s ~

0 0000 0000 0000 OO0 #azoteq

0000000000000 ] 004 0000
LJO000000000000]) 000 0040
(00000000000 000
(100000000003 0O 040
OO0 00010 000 C 0

Figure 3.6: Mutual Capacitive Keyboard Proximity Solution (Wire/Trace)

For the purpose of this document a self-capacitive design using the metal back plate as an electrode
will be discussed in detail.

3.3 System Description

On a high level the system overview is comprised of three main sections:

> The user
> The sensor solution
> The host (main controller / processor)

The sensor slave controller (IQS device IC) is required to accommodate customisable setup(s) specific
to hardware designs and Ul requirements and will operate as required to sense, process and qualify
detection of low-level measurement data while also doing the validation for user interaction events.
Only when a valid event interaction is registered, the host will be interrupted to service and read the
reported event state and detail via the dedicated communication interface, thus minimising the data
transfer, latency, processing overhead and service priority (ISR) required so that other more important
tasks on the host side can be handled with optimal/required resource allocation.

Figure 3.7 provides a system block diagram of a generic keyboard proximity implementation.

User Sensor Solution '-) Host: MCU / Embedded CPU / SoC

o — O
{
Q @ !Azofeq @

Figure 3.7: System Block Diagram
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3.4 Mechanical Stackup

Keys

Assembly Screws
I/ y

|

Back Plate / Electrode

Figure 3.8: Proximity Keyboard Assembly

3.5 Azoteq Device Selection Guide

The following listed devices are Azoteq's recommended keyboard proximity sensing solutions.

> 1QS7223C (WLCSP18[1.62 x 1.62 x 0.5 mm] QFN20 [3 x 3 x 0.5 mm)])
Up to 4 self-capacitive channels
Up to 4 mutual capacitive channels
» Differential mutual capacitance available
> 1QS319 (WLCSP11 [1.48 x 1.08 x 0.345 mm] DFN12 [3 x 3 x 0.75 mm)])
Single channel self-capacitive sensor
Built-in signal processing options:
» Standalone proximity output
» Movement user interface
» Release user interface
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4 Design Resources

For all sensor design resources please refer to the Azoteq website: ProxFusion combination sensors

4.1

vV V V V vV VvV

4.2

VvV oV vV Vv

4.3

Datasheets, Application Notes and User Guides

|IQS Device Datasheets

AZDO004 - Azoteq Sensing overview

AZDO044 - Azoteq MSL and Reflow specifications

AZD125 - Capacitive sensing design guide

AZD102 - Series resistance limit of self capacitance charge transfers
IQS7223C GUI setup guide

Hardware Design Resources

|IQS7223CzzzQNR [QFN20] SCH symbol and PCB footprint!
IQS7223CzzzCSR [WLCSP18] SCH symbol and PCB footprint!
|IQS3192zzDNR [DFN12] SCH symbol and PCB footprintl
|IQS3192zzCSR [WLCSP11] SCH symbol and PCB footprint!

Software, Tools and Example Code

> Arduino Example code and user guide
> Graphical user interface software and tools
> CT210A Azoteq Configuration tool

"The IQS7223C uses the same PCB footprint as the IQS7222A and the IQS319 uses the PCB footprint as the IQS323.
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All Rights Reserved Revision v1.0 August 2023


https://www.azoteq.com/products/proxfusion/
https://www.azoteq.com/design/datasheets/
https://www.azoteq.com/design/application-notes/
https://www.azoteq.com/design/application-notes/
https://www.azoteq.com/design/application-notes/
https://www.azoteq.com/design/application-notes/
https://www.azoteq.com/product/iqs7223c/
https://www.snapeda.com/parts/IQS7222A001QNR/Azoteq/view-part/
https://www.snapeda.com/parts/IQS7222A001CSR/Azoteq/view-part/
https://www.snapeda.com/parts/IQS323001DNR/Azoteq/view-part/
https://www.snapeda.com/parts/IQS323001CSR/Azoteq/view-part/
https://www.azoteq.com/design/software-and-tools/
https://www.azoteq.com/images/stories/pdf/azd026_configuration_tools_overview.pdf

?j Azoteq

5 Design Implementation

This chapter describes the design interface of the keyboard with the IQS7223C.

5.1 Sensor Design

The sensor electrode design is dependent on the metal plate of the keyboard. In this case it is a
metallic plate with cutouts for the 4 keys. The electrode can be seen in figure 5.1 below.
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5.2 Circuit Design

A circuit was designed with the IQS7223C (QFN20 package) and a simplified schematic diagram is
shown in figure 5.2 below.

1QS7223C Proximity

U1 VDD
5 1
CRX0 VDD VREGD
i gg; VREGD 2 g
LR . VREGA
To ] CRX4 VREGA
1 CRXS
121 CRX6
13 g:&; =——C1 =—=C2 =—=C3 =—C4 =——=C5 ==C6
14_| GPIOO 100pF 2.2uF 100pF 2.2uF 100pF 4.7uF
15
1671 GPIO3
7] GPIO4
DY 3 GPIOS
CL 9 GP102 51
DA 0 GPIO1 GND TAB 3
CLR J_ GPI106 VSSD & VSSA
00 CONNECT GND TAB TO GND NET GND
100nF A7D700-QFN-3X3-20N
GND
I12C Pull-Ups Proximity Antenna Pads | | Sensor Pins to Traces Connector

o

1 GND
> .
0906-0-15-20-76-14-11-0

VDD VDD VDD

R3
47K 1.7k SDA ] 1
SCL pP—— 2
RDY —— 3
MCLR |— 4

RDY

FP201EH-006M10M
RDY

SCL
6 |

GND

GND

SDA Tx_Main = pogo pin, Metal cover

&
Rx_Main = 4mm copper trace, top layer
Tx_cm = test pad

Figure 5.2: Simplified Schematic Design for Keyboard Proximity Solution'

5.2.1 Power Supply Decoupling and Regulation

All IQS devices require external decoupling capacitors on their supply (VDD) as well as internal regu-
lation (VREG) pins. Please refer to IQS device specific datasheets for implementation and guidance
for optimal component selection, size and placement/routing considerations.

5.2.2 Capacitive Sensor Nodes

All the self-capacitive sensor inputs (CRX) are supplied with a standard series resistance to increase
radiated immunity and will sense the connected electrodes accordingly (please refer to AZD125 for
fundamental design discussions; AZD015 for considerations of radiated/RF immunity; AZD102 on
using resistive paths higher than the recommended). A TVS diode should be added on the sensor
inputs to suppress any induced voltage spikes.

'Although this design makes use of self-capacitive sensing, provision is made for mutual capacitive and differential
capacitive sensing with additional sensor pads Crx3 and Crx4.

Copyright © Azoteq 2023 AZD130 - Keyboard Proximity Design Guide Page 12 of 33
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5.2.3 Routing

Digital signals such as PWM signals, I12C or SPI are active during a capacitive measurement, therefore
it is recommended that the digital signals be kept a minimum of 4 mm away from the capacitive sensor
traces, preferably on the bottom layer of the PCB. Refer to AZD125 for more details on routing.

5.2.4 Connections

The required test point implementations are provided to showcase typical product sub-assembly con-
nections. Test points are convenient for design development, debugging and validation.

Copyright © Azoteq 2023 AZD130 - Keyboard Proximity Design Guide Page 13 of 33
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5.3 PCB Layout Design

47 Azoteq

Although this PCBA design consists of both proximity sensing and inductive based keys, proximity

sensing will be the focus for this design document.
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Figure 5.3: Keyboard Proximity Solution PCB
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5.4 Mechanical Design

Refer to Appendix B for mechanical assembly drawings generated by computer-aided design (CAD)
software for the keyboard proximity design.

5.5 Manufacturing

The following is typical to include in a datapack for manufacturing:

> Bill of Materials (BOM) with part numbers and alternative parts
> Computer Aided Drawings (CAD) - test points for jig, adhesive and overlay .dxf files
> PCB - Gerber files, pdf plots and pick and place file

The BOM for the schematic in figure 5.2 is found in Appendix A.

5.6 IC Setup

The graphical user interface (GUI) is a powerful support/design tool to simplify the process of con-
figuring the IQS device with the parameters required for optimal performance for customer-specific
hardware.

An introduction on how to use Azoteq’s debug and display tool can be seen in this video.

The latest GUI can be obtained from the relevant product page on Azoteq’s website as listed in Chapter
4.

5.6.1 Channel Settings

For a more in depth setup guide please refer to the IQS7223C GUI setup guide.

Channel 0 Settings

General System Settings

Report Rates and Sensing Mode:
Timeouts SelfCap Mode
Wear Ul Settings

Filter betas

Channel 0 Settings Frequency Fraction Frequency Period

Channel 1 Settings 127 E 25 E

Channel 2 Settings

Channel 3 Settings

Channel Enable

Channel 0 ATI Parameters [V IRRpcRo- Cs Size: Internal Calibration  Projected Bias

Channel 1 ATl Parameters [IPTETY v [s0pF CZP:"“" Size: = S:::d:
Channel 2 ATI Parameters - A
Channel 3 ATI Parameters
Channel 0 Thresholds Bi-directional [] Internal Cap [ Internal Calibration [ ] Disable
Channel 1 Thresholds Sensing Enabled Removes Charge Capacitor Compensation
Channel 2 Thresholds
Channel 3 Thresholds gy RN F2SNN Invert Linearize Counts
Rx Selection Channel Input
[lcrao [Jcre [JCRR M CRa [] Offset Current [ Temperature

Tx Selection

Ocro ewt [cene [ena o (e [Jcxe [ Cwr [JChe

Ocwxio O cwn
Cm Tx Selection

Ocxo dewt [cene [ena e (e [Jcwe [ Cwr [JChe

O cwxio [ cwit

Figure 5.4: General Channel Settings

General channel settings can be seen in figure 5.4 above.
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Channel ATl settings can be seen in figure 5.5. The ATl base is set to 200 and target 2000 to provide
high sensitivity and range. Please refer to AZD004 for adjusting sensitivity to suit a specific design.

Channel 0 ATl Parameters

General System Settings

i ATI Base ATI Target
Timeouts 2008 20008
Wear Ul Settings 200 counts 2000 counts
Filter betas
Channel 0 Settings ATl Band
Channel 1 Settings ATI Mode:
Channel 2 Sengs Full v 5[
98%
Channel 0 AT Parameters
(TR el CHO Coarse Fractional Divider CHO Coarse Fractional Multiplier
Channel 2 ATI Parameters
24 8
Channel 3 ATI Parameters S S
Channel 0 Thresholds
(o PSCEEMSON  CHO Fine Fractional Divider CHO Compensation Value
Channel 2 Thresholds 18] 502/

Channel 3 Thresholds

CHO Compensation Divider

13

Figure 5.5: Channel ATI Settings

Thresholds can be adjusted to acquire a specific sensing range. A timeout is required to allow the
sensor to recalibrate if there is a change in environment.

Channel 0 Thresholds
General System Settings
Report Rates and Filter Halt Timeout Filter Halt Threshold
Timeouts 2500 E IOE
Wear Ul Settings 2500 ms 10 counts
Filter betas
Channel 0 Settings
[ r-eessre o Filter Halt Debounce Enter Filter Halt Debounce Exit
el 1 Settings
[ e 2 1
Channel 3 Settings 2 samples 1samples
Channel 0 ATI Parameters
CELLERPIEECLEEN | Activation Timeout Activation Threshold
Channel 2 ATI Parameters 5000 E 670@
Channel 3 ATI Parameters 5000 ms 102235434 %
Channel 0 Thresholds
Channel 1 Thresholds
Channel 2 Thresholds
Channel 3 Thresholds
Figure 5.6: Channel Threshold Settings
Copyright © Azoteq 2023 AZD130 - Keyboard Proximity Design Guide Page 16 of 33
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5.6.2 System Settings

General System Settings

Report Rates and
Timeouts

Wear Ul Settings

Filter betas

Channel 0 Settings
Channel 1 Settings
Channel 2 Settings
Channel 3 Settings

1Q Switch®
ProxFusion® Series

General System Settings

Power Mode (PM): Auto Prox Cycles:

Auto Power Mode . 8
Event Mode | [] Standalone Output Enable [_] Watchdog Timer Enable
Watchdog Timer Buffer

250F8]

Channel 0 ATI Parameters

CSCLLERPMEEEUEEN 1] PM Switch on Wear Gradient [¥] PM Switch on Channel Events [[] Stay in NP when Events
Channel 2 ATI Parameters are set

Channel 3 ATl Parameters

Channel 0 Thresholds

Channel 1 Thresholds
Channel 2 Thresholds
Channel 3 Thresholds

Event Masks

(’Azofeq

] CH Activation

[[] Power Mode Event [ ] Filter Halt Event Fvent

Wear Ul Wear Crosscheck Passed

[] ATI Event
Wear Ul Release

Power Mode Switch Masks

[ CHO Filter Halt [] CH1 Filter Halt CH2 Filter Halt CH3 Filter Halt

[[] CHO Activation [] CH1 Activation CH2 Activation CH3 Activation

Event Mode should be enabled to prevent the master MCU from being interrupted unnecessarily.
Events that are unused should be selected. In this case the "ATI Event", "Power Mode Event", "Filter

Figure 5.7: General System Settings

Halt Event" and "CH Activation Event" will generate a ready interrupt.

Report Rates and
Timeouts

Wear Ul Settings
Filter betas
Channel 0 Settings
Channel 1 Settings
Channel 2 Settings

Channel 3 Settings
Channel 0 ATI Parameters
Channel 1 ATI Parameters
Channel 2 ATI Parameters

Channel 3 ATl Parameters
oo | 10000[&] 0[]

Channel 0 Thresholds

Report Rates and Timeouts

Retry ATI Delay

10 2000/

10ms 2000 ms

12C Timeout

Normal Power Mode Report Rate

3000 16(]

3000 ms 16ms

Normal Power Mode Timeout

Low Power Mode Timeout Low Power Mode Report Rate

10000 ms 50ms

Channel 1 Thresholds

Channel 2 Thresholds

Channel 3 Thresholds

Figure 5.8: Report Rate and Timeout Settings

The report rate and power mode timeout should be adjusted to meet the response and current con-
sumption specification. A lower report rate will result in higher current consumption and vice-versa.
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5.6.3 Event Mode Communication

Firstly, configure which events should be generated in event mode. In this case, the channel activation
event will generate an event only when a channel activation occurs due to proximity or touch. Data
can be read when a communication window opens due to the event occurring.

Enable the Event Mode bit when the MCU has finished the I2C initialisation process.
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6 Design Verification

This chapter describes the general procedure that should be followed to validate whether a design
meets the original requirements. This is done during the engineering stage. Using the numerous
configurations available on the Azoteq device, small adjustments can be made to optimise and improve
the performance to meet the requirements.

With the design verified, similar performance will be expected in mass production due to the on-chip
calibration (ATI) technology, an individual verification of each of these items is not needed in mass
production testing phase.

6.1 Test Setup

Design verification is done using the product GUI. Connect the power, I12C and RDY lines of the
IQS7223C to the CT210A USB dongle as shown in the table and figure below. Now connect the
CT210A via an USB-micro cable to an available USB port on a PC.

Table 6.1: CT210A Pin-out

IQS Pins CT210A Pins

GND Pin 1
VDD Pin 3
MCLR Pin5
SDA Pin 7
SCL Pin 9
RDY Pin 10

S 4B

C‘\_lé o GND
—g
-l _:E..

/ 77777 | \

.......

Figure 6.1: CT210A Power, FC And RDY Connections
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The typical procedure to evaluate a device is as follows:

> Open the device-specific GUI software

> start up the device by clicking the "START STREAMING" button

> Initiate the streaming of device data by clicking the "ACK RESET" button

> Load the application-specific configuration settings using the "IMPORT H FILE" button, or con-
figure the device manually by pressing the "USER SETTINGS" button and using the various
options available in the submenus

> Ensure that the ATl algorithm has executed correctly after the changes in the previous step have
been applied

> View the channel or system response by means of the bar, scope or event indications

> Specific operating modes (such as low power sampling or event mode operation) can also be
induced for example to measure currents or to monitor 12C and RDY logic behaviour and event
activities.

For further detailed information on the related device and/or GUI support please consult the necessary
documents as listed in Chapter 4.

6.2 Response Output

Evaluating the response of a sensor in real-time is beneficial for rapid setup, tuning and prototyping.

Bar Chart

: Legend
30004 =E.I;unts
1 M D
{1 Hnn LTA
2500-
2000-
WFilter Halt
MActivation
1500 <
1000
500
o
Channel 0 Channel 1 Channel 2 Channel 3 Gradient
Counts: 2904 0 0 0 0
LTA: 2009 0 0 0 0
Deltas: 895 0 0 0
In Wear LTA: 0
Figure 6.2: General GUI Bar Output For Count And LTA Data
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Figure 6.3: General GUI Scope Output For Count And LTA Data

This is a self-capacitive setup where the counts are linearised and an increase in capacitance re-
sults in an increase in counts (Unlinearised counts results in a decrease in counts when capacitance
is increased).lt should be noted that the outputs shown in figure 6.2 and 6.3 are the results while
the system ground is referenced to earth ground (USB Powered). The test setup for measuring the
proximity range can be seen in figure 6.4 below.

Figure 6.4: Proximity Range Test Setup

To thoroughly evaluate and analyze the response of the sensors, it is recommended to gather sample
data through logging sessions. These sessions may involve extended activation periods, tempera-
ture or humidity variations, or other stimuli, depending on the specific use case or qualification being
examined. To ensure a robust device, sample data should be collected where the keyboard is placed
on different surfaces.

Copyright © Azoteq 2023 AZD130 - Keyboard Proximity Design Guide Page 21 of 33
All Rights Reserved Revision v1.0 August 2023



6.3 Proximity Verification
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It is important to verify the sensing range of the keyboard proximity sensor by relating proximity dis-
tance to counts in the GUI. Activation thresholds can be set for a required sensing range.

120 110 100

Proximity Distance vs Delta Counts

90 80 70 60

Distance from sensor pad surface (mm)

50

40

Figure 6.5: Proximity Distance vs Delta Counts (Grounded)
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200
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Figure 6.5 shows the delta counts vs range for a grounded self-capacitive sensor. An ATI base of
200 and target of 2000 was selected for this application to provide high sensitivity and thus a higher
sensing range. The activation threshold should be higher than any noise experienced by the system

to prevent any false triggers.
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Proximity Distance vs Delta Counts
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Figure 6.6: Proximity Distance vs Delta Counts (Isolated)

Figure 6.6 shows the delta counts vs range for an isolated system. The delta counts of the isolated
system is lower than the ground referenced system, therefore it is imperative that verification be done
in both an isolated and grounded system.

6.4 Noise Tests

Normal product noise variation should be evaluated over numerous pre-production units/builds before
starting mass production testing in order to gain performance metrics and statistics for establishing the
upcoming production limits. An applicable noise failure limit must be considered to reject excessively
noisy sensors with presumable quality or assembly issues. Standardised noise tests (whether aimed
at radiated and/or conducted noise) as well as other product performance qualifications governed by
international standards, should be considered according to the specific underwriting by the IEC body
or other known standard body which the product needs to comply with.

6.5 LED Backlighting

The effect of the LED PWM signals should be considered when verifying the proximity performance. It
is recommended to evaluate the signal contribution from LED backlighting in order to pre-empt issues
possible during production or pre-production. No false proximity activations should occur due to the
toggling of the LED backlighting.
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This chapter provides some high-level information that should be beneficial to a firmware developer
who wants to write a driver for one of Azoteq’s ICs in a keyboard proximity application. The chapter

should be read in conjunction with the relevant device’s datasheet.

7.1 Software Implementation

Power-on/
Reset

Acknowledge Reset [«

A

1QS Initialisation

A

ATI Routine

Event Mode

alistl

RDY Low / Event?

Prox Activation? False

True

Retrieve event data
Command functions

True

ATl attempt < 3?7 >«

False

Produce error:

Possible Hardware
Issue

Figure 7.1: Software Flow Diagram

Reset?
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ATI Error?
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Host MCU 1QS7223C
Power-on
_ /Boot - o
° » -

Host Init
Y ACK_Reset————— >
E ¢ System_flags status return:

' RESET cleared

E Memory Map Register Writt————
+ 1QS init

E H-File

: <€-------- Return Memory Map read back=--=""""1
E Write Control_settings: RE_ATF——>
QS ATI - - - - - - - - Return ATI_Active & ATI_Event==-=-=""1
: H R Return ATI_Event ________|]
' E (Completion without ATI_Error)

E , <------ RDY signal, request event service=-----"1
E H Read system status, events

' & CH_Activation status register

E Qs E |€-------- e Return data---------------- 3
ERuntime . ,'j"
POISR L. ATI condition reached: o

; return ATI_Active & ATI_Event
_____________________ Reset condition reached: ________ ,"

return Device_Reset

Figure 7.2: Host Software Sequence Diagram

Once the initialisation has been completed, the IQS7223C will notify the master of events by pulling
the RDY line LOW. The master can then read the event flags and act accordingly.
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7.1.1 Example Host Software Flow

>  LED100% |«
"

A

LED OFF

Re-ATI 1QS7223C

Proximity Event

No

Yes:

Figure 7.3: Example Host Software Flow

An example flow diagram of the LED backlighting behaviour can be seen in figure 7.3. At startup the
LED backlighting would be fully turned on. After 5 seconds with no proximity activation, the LEDs
would dim and the IQS7223C would recalibrate. Once the LEDs are dimmed and after 1 minute with
no proximity activation, the LEDs would completely turn off and the IQS7223C would recalibrate. If a
proximity event occurs at any point the LED backlighting would fully turn on again.

7.1.2 Communication Protocol

For examples of 12C addressing, read, write, force communication requests and other communications
related behaviour, please refer to the relevant device’s datasheet I12C interface section.
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8 Mass Production Testing

This chapter provides information concerning testing during mass production.

8.1 In-circuit Testing (ICT)

PCBA testing should ideally be done with the product assembled to determine the effect of all auxillary
functions such as the LED backlighting, bluetooth, etc. Ideally test should be done in the typical
operating environment of the keyboard. The testing environment should be free of any users or objects
that could interfere with the ATI calibration routine.

Testing of the proximity sensor can be done via the on-board MCU. The following test parameters
should be considered:

> Version information
Check device product number
Check device major and minor firmware version info
Confirm device communication and clear/acknowledge (ACK RESET) flag

> Application settings
Written configuration settings can be read back
ATI specific parameters are distinct and updated
ATl completion reached on all channels without any AT/ error reported

> Functional testing
Procedural exercise of all functionality when sensors are activated (can have a test routine
implementation)
Induced user activation assessment (signal of known or controlled benchmark for sensitivity
and reactivity qualification)
Raw signal noise assessment

> Current consumption
Average current measurement over long periods is constant for normal device operation
The integration time period should be long enough such that starting or ending the mea-
surement midway through an active cycle/conversion does not have a large effect on the
measured average current

Pre-production builds of increasing quantities are a general sound practise used to choose applicable
tests, gathering test data and establishing limitations thereof. Statistical means, standard deviations
and typical outlier criteria may be used to discover and inspect certain units in detail to institute a basis
for known risks or critical design aspects which should be evaluated, addressed and improved upon
during the preparation leading towards final or mass production.

Testing should also be done where a unit is only battery powered and isolated from earth, and the case
where the unit is earthed (example via USB). This is to determine whether satisfactory performance
is achieved with all methods of operation.

8.2 Response vs Current Consumption

There exists a trade-off between the responsiveness of a sensor and the average amount of current
being consumed to reach a specific response or sampling rate. End-product or UX design may dictate
the specification for responsiveness but this ultimately impacts the overall system current consump-
tion. Current measurement during production testing should allow for typical normal power mode
operation as well as slower low-power mode current measurements to ensure acceptable consump-
tion requirements are met and guarantee the stability of a specific mode without irregular/erratic be-
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haviour such as unexpected wake-up from low-power modes or excessive high currents (short-circuit
assembly issues).

Standard SMT production line practises and guidelines should always be followed with respect to IC
device and sub-assembly handling, manufacturing, storage and transport to ensure quality, high yield
and reliability.



@} Azoteq

9 Revision History

Release Date Comments
v1.0 2023/07/27 Initial document released



IQ Switch® iAZOfeq

ProxFusion® Series

A Bill of Materials

The following Table A.1 provides the bill of material detail for the schematic layout of Figure 5.2.

Table A.1: Bill Of materials

Comment Description Designator Footprint Manufacturer (P/N)
IQS7223C IQS7223C-QFN-20N Ui QFN-20 (IQS722A;8}_\6(?0 N
100 pF Cap"""”g[;ge“’“m“’ C1,C3,C5 0603 (COGOSC})(FO'\:'\IJESTGACTU)
100 nF Capacitor, ceramic, X7R Cc7 0603 (GCJ188F|:¢1rI?It1aO4KA12D)
2.2uF Capacitor, ceramic, X5R C2,C4 0603 (C1 608X5R11—|EP2<25K080AB)
4.7 uF Capacitor, ceramic, X5R cé 0603 (C1 608X5R-:[I;§75K080AC)
4.7k ReSiStOrbfv?lo 2, 1%, R1, R2, R3 0603 ROHM (SFRO3EZPF4701 )
470R ReSismg_‘:C\(l) 2, 1%, R4, R6, R7 0603 ROHM (SFRO3EZPF4700 )
DNP Resistor, DNP R5, R8 0603

DNP Capacitor, DNP C%1C1:?CC1120 0603

Mill-Max Manufacturing
P1 Pogo Pin P1 Special Corp
(0906-0-15-20-76-14-11-0)

21.5mm
T6P1’ 2,3,-4,-5, Test points 1,2,8,4,5,6 Exposed Copper PCB
Pad
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Figure B.1: Proximity Keyboard Exploded Assembly
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Address Suite 120-S T-Share International Centre Paarl
Austin Taoyuan Road, Nanshan District 7646
TX 78759 Shenzhen, Guangdong, PRC South Africa
USA
Postal 11940 Jollyville Room 501A, Block A PO Box 3534
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Austin Taoyuan Road, Nanshan District 7620
TX 78759 Shenzhen, Guangdong, PRC South Africa
USA
Tel +1 512 538 1995 +86 755 8303 5294 +27 21 863 0033
ext 808
Email info@azoteq.com info@azoteq.com info@azoteq.com

Visit www.azoteq.com

for a list of distributors and worldwide representation.

Patents as listed on www.azoteq.com/patents-trademarks/ may relate to the device or usage of the device.

Azoteq®, Crystal Driver®, IQ Switch®, ProxSense®, ProxFusion®, LightSense™, SwipeSwitch™, andthe - logo are trademarks of Azoteq.

The information in this Datasheet is believed to be accurate at the time of publication. Azoteq uses reasonable effort to maintain the
information up-to-date and accurate, but does not warrant the accuracy, completeness or reliability of the information contained herein.
All content and information are provided on an “as is” basis only, without any representations or warranties, express or implied, of any
kind, including representations about the suitability of these products or information for any purpose. Azoteq disclaims all warranties and
conditions with regard to these products and information, including but not limited to all implied warranties and conditions of merchantability,
fitness for a particular purpose, title and non-infringement of any third party intellectual property rights. Azoteq assumes no liability for any
damages or injury arising from any use of the information or the product or caused by, without limitation, failure of performance, error,
omission, interruption, defect, delay in operation or transmission, even if Azoteq has been advised of the possibility of such damages. The
applications mentioned herein are used solely for the purpose of illustration and Azoteq makes no warranty or representation that such
applications will be suitable without further modification, nor recommends the use of its products for application that may present a risk
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