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Author: Kamalakannan Manivasagam, Microchip Technology Inc.

Power consumption remains an important factor in the design of any portable gadget. The Microchip
capacitive touch technology using the Peripheral Touch Controller (PTC) or Hardware Capacitive Voltage
Divider (HCVD) provides features to design a low-power touch sensor that can wake up on touch from
standby Sleep without CPU intervention. HCVD is available in 8-bit PIC® devices and PTC is available in
8-bit AVR® and 32-bit SAM devices.

This document describes the details of designing a low-power touch sensor, different sensor
configurations and, tips and tricks to optimize the power consumption.
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Current Consumption in Touch Project

Current Consumption in Touch Project

Current Consumption of an MCU

Assume a typical application where the CPU is performing a task and goes to Sleep. Here, the current
consumed by the CPU can be split into:

» Active current: the current consumed by the MCU when the CPU is active
» Sleep current: the current consumed by the MCU when CPU is asleep

Figure 1-1. MCU Current Consumption
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To reduce the current, the CPU Sleep time needs to be increased. In other words, the high-current

consuming peripheral or computation unit of the MCU must be put in Sleep mode for a longer period of
time.

Current Consumption in Active Touch Measurement

The active touch measurement process starts from the RTC in AVR/SAM devices, and Timer in PIC
devices, by sending an interrupt to wake up the CPU. The CPU then configures the PTC in AVR/SAM

devices, and HCVD in the ADC module of PIC devices, to perform a touch measurement, as shown in the
figure below.

© 2019 Microchip Technology Inc. Application Note DS00002812B-page 3



1.3

AN2812

Current Consumption in Touch Project

Figure 1-2. Peripheral Flow of Active Touch Measurement
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For the given flow, the current consumption is as follows:
Figure 1-3. Current Consumption Based on Enabled Peripheral
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Here, the current consumed by the CPU is relatively higher compared to that of other peripherals.

Current Consumption in Low-Power Touch Measurement

Low-power touch measurement starts from the RTC/Timer, the same as for the active touch
measurement process, but, instead of the control being routed through the CPU, it is being handled by
the Event System for AVR/SAM devices, and the auto-trigger feature of the ADC module for PIC devices,
and finally the touch measurement is performed by the PTC/HCVD (see figure below).
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Figure 1-4. Peripheral Flow for Low-Power Touch Measurement
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For the given flow, the current consumption is as follows:
Figure 1-5. Current Consumption Based on Enabled Peripheral
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Here, the current consumed by the Event System is lower compared to that of the CPU, therefore, the
average current will be lower as well.

Important: The current consumed by the Event System is constant and it consumes current
throughout the device operation. Since the CPU is active for a shorter period of time, there are
cases where the average current of the CPU is lower than the average current of the Event
System. This occurs in ATtiny81x, ATiny161x and ATTiny321x devices when the low-power
measurement interval is longer (64 ms). When the low-power interval is longer, it is better to use
normal (active) measurement (with only one sensor enabled) compared to that of Event
System-based measurement.
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Implementing Low-power Touch Measurement
As seen in section 1. Current Consumption in Touch Project, the average current consumption varies
between Event System- and CPU-based measurement.
Two types of low-power measurement are possible:
» Event-driven low-power touch measurement
» Software-driven low-power touch measurement

Event-Driven Low-Power Touch Measurement

Event-driven, low-power touch measurements are performed via the Event System. During inactive
periods, when no touch is detected, the low-power touch measurements are started.

During low-power touch measurement, the Event System routes the trigger from RTC to PTC. When a
touch is detected, the PTC issues an interrupt to wake up the CPU, as shown in Figure 2-1. The same
principle is applicable for PIC devices that have ADC with HCVD. The timer auto-triggers the HCVD and
wakes up the CPU upon touch detection.

Figure 2-1. Event-Driven State Machine
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During active measurements, the PTC/HCVD performs touch measurement on multiple channels
sequentially. The CPU is required in order to configure the touch channels and to retrieve the previous
touch results. Also, the library applies a drifting algorithm on the measured data to keep track of the
capacitance changes due to variations in the environment (e.g., temperature, humidity etc). CPU is
required to run this algorithm.

Since the CPU is not involved in the Event System measurement, configuration of multiple channels and
drifting is not possible. To overcome the drifting issue, the state machine of the event-driven touch
measurement is modified to accommodate an active measurement that temporarily interrupts the low-
power measurement (see Figure 2-2).
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During low-power measurement, the timer is configured to trigger an interrupt at intervals of at least two
seconds, or more. When this interrupt occurs, the CPU wakes up from Sleep and performs an active
measurement. After completing the active measurement, post-processing is performed (drifting too, if
required) and the low-power measurement is resumed.

Figure 2-2. Modified Event-Driven State Machine (with drift)
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Figure 2-3 presents how the acquisition occurs during the event-driven measurement (with drift).
Figure 2-3. Event-Driven Sensor Measurement
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While in Active mode, three sensors are scanned at a short interval. In Low-Power mode, only one
sensor is being scanned, but at a longer interval. In addition to the low-power measurement of one
channel, one active measurement is performed every drift interval.
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Important: The drift measurement scanning interval should be set longer than the scanning
9 interval of the low-power measurement to reduce the average current consumption. Frequent
wake-up (less than 2s) to perform drifting is not required for many applications.

Software-Driven Low-Power Touch Measurement

Software-driven, low-power touch measurements are started by the CPU. If no touch is detected for a
certain period of time, low-power measurements are started. During these low-power measurements,
each low-power node is configured in a round-robin method. When one node is measured, all other
nodes are disabled. Also, these measurements are performed at a longer interval than that of active
measurements, to save power.

Figure 2-4. Software-Driven State Machine
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Figure 2-5 represents how the acquisition occurs during software-driven measurement (with drift).
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Figure 2-5. Software-Driven Sensor Measurement
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While in Active mode, three sensors are scanned at a short interval. In Low-Power mode, only one
sensor is being scanned, but at a longer interval. Since the CPU is involved in touch measurements, no
special care is needed to perform drift measurement.
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It is possible to configure all the nodes as low-power nodes. However, the number of nodes configured as
low-power nodes and the low-power measurement interval will decide the measurement interval for each

node. For example, if the low-power measurement interval is 100 ms, and if five nodes are configured as

low-power node, then each node is scanned at every 500 ms.

There is the possibility for only a few of the sensors to be configured as low-power sensors in Software-
Driven mode. During this condition, the drifting is performed the same as in Event-Driven mode, as
shown in the following figure:

Figure 2-6. Software-Driven Sensor Measurement (with drift)
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Low-Power Sensor Configuration
Any sensor can be configured as a low-power sensor. The following subsections cover the typical
application scenarios for a low-power sensor.

Power-on Key
This is the most basic configuration for a low-power sensor implementation. One key out of all the
available keys in a touch panel is configured as the low-power sensor. This acts as a power-on key for

the entire touch panel.

Figure 3-1. One Button as the Low-Power Sensor

Lumped Mode

PTC features Lumped mode configuration that allows the combining of multiple Y-lines (Self Capacitance)
or multiple X- and Y-lines (Mutual Capacitance) to form a single sensor. This feature allows combining
multiple physical sensors and configures them as a single sensor, called Lumped Sensor.

The use of Lumped mode improves power consumption and response time. In applications with a large
number of keys, the sensors can be arranged in groups to form multiple lumped sensors. Scanning can
be performed only on the lumped sensors. When one of the lumped sensors shows touch detection, only
the keys within that lumped sensor are individually measured to determine which key is actually touched,
thus improving the efficiency of the system, since fewer measurement cycles are needed, compared to
the number of cycles it takes to scan all the keys.

sensor capacitance is more than the allowed limits, it would saturate the measurement and the
sensor might not work as expected. In general, lump sensor capacitance would be closer to the
sum of individual buttons capacitance. Therefore, lumping a large number of buttons might
result in saturation. The user may need to try different combinations to find the optimum lump
configuration.

.a Important: PTC has restrictions on the total sensor capacitance that it can handle. If the
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3.21 Lumped Sensor in Self Capacitance
In a self-capacitance design, the user needs to configure the Y-lines that are combined together to form a
lumped sensor. In this example, three Y-lines are combined in a system to create one lumped sensor.

Figure 3-2. Self-Capacitance Lumped Mode

5:0

3.2.2 Lumped Sensor in Mutual Capacitance

In a mutual capacitance design, the user needs to configure the X-lines and the Y-lines that are combined
together to form a lumped sensor. In this example, the system has 3X and 3Y lines, but only 3X and 2Y
lines are combined to create one lumped sensor.

ane

Figure 3-3. Mutual-Capacitance Lumped Mode

B R

3.23 All Keys Lumped Together
Lumped mode configuration in the PTC allows to combine multiple sensors as one. By using this feature,
all the sensor electrodes can be combined together to form a big sensor. This lumped sensor can be
configured as a low-power sensor. Touching any key in the panel would wake up the device.
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Figure 3-4. All Buttons Lumped and Configured as Low-Power Sensor

"ol T T =
4 W 4 W\ v
T =
- o . " e o
' T N B
.y 7 N g % s

Touch measurement would happen as shown in Figure 3-5. The measurement of the lump sensor during
Active mode is optional. If the lump sensor is not measured during Active mode, it should be calibrated
properly before being configured as a low-power sensor.

Figure 3-5. Lumped Sensor Configured as Low-Power Sensor
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3.24 Some Keys Lumped Together

Instead of all keys being configured as one lumped sensor, only some of the keys can be configured as a
lumped sensor. This allows the user to limit the wake-up region on the touch panel to a few sensors.
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Figure 3-6. Custom Group of Keys Lumped and Configured as Low-Power Sensor

3.25 Group of Lumped Keys
Instead of all the keys being configured as one lumped sensor, multiple lumped sensors can be formed.
This allows the user to limit the lumped sensor capacitance, and also allow the touch of multiple keys.
This is possible only with software-driven touch measurement.
Figure 3-7. Multiple Buttons Lumped as Groups and Configured as Low-Power Sensors

-

o
~
o

[
[

C[CC
)

It is possible to form multiple lump sensors to avoid saturation and perform low-power measurement
using multiple lumps, as shown in Figure 3-8.
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Figure 3-8. Multiple Lumped Groups Configured as Low-Power Sensors
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Slider and Wheel as Low-Power Sensors

Low-power sensor configuration only allows the use of one X- and Y-channel. Thus, in principle, a slider
or a rotor cannot be configured as a low-power sensor, as they are composed of multiple sensor
channels. However, all the channels of a slider or rotor can be configured as a single lumped sensor,
which can then be configured as a low-power sensor.
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Optimizing Low-Power Measurement
Table 4-1. Software Driven or Event Driven

Parameter Should Event Driven Should Software Driven
Be Used? Be Used?

Short Low-Power Interval? Yes No
Multiple Sensor Measurement No Yes

Low-Power Measurement Interval Longer than

64 ms in ATtiny? No Yes

Table 4-2. Optimizing the Parameters that Affect Low-Power Measurements

Low-power measurement interval.

QTM_LOWPOWER_TRIGGER_PERIOD « Higher the period, lower the power consumption.
» Higher period results in slower response.

Touch inactivity time.

DEF_TOUCH_TIMEOUT  This time defines the waiting time to switch from Active mode
to Low-Power mode.

Drift measurement period.

Higher the period, lower the power consumption.

» Higher period can be used where the change in
environmental conditions occurs less often.

DEF_TOUCH DRIFT PERIOD MS
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Application Consideration

It is recommended to take in consideration the low-power requirements during the initial state of the
project - even before finalizing the MCU. There are various factors that affect low-power measurement, as
described in Table 5-1 .

Table 5-1. Factors That May Affect Low-Power Measurement

m How Do They Impact Current Consumption?

MCU

Operating
Voltage

Clock
Frequency

Unused
Peripherals

Unused Pins

Debug
Information

In traditional MCUSs, the clock for the CPU and peripherals is shared. MCUs provide the
option to control the clock of the device as well as peripherals.

Advanced MCU provides the option to control the clock for each peripheral and the
option to provide a separate clock for the CPU and peripherals.

If current consumption is a critical requirement, the user may choose the one where the
clock can be optimized at the peripheral level.

Higher voltage consumes more current and vice-versa. So, operate the device at the
lowest possible voltage to achieve low-power numbers.

Using a higher clock frequency for the CPU and peripherals consumes more current. It
is not ideal to operate the CPU at the lowest possible clock frequency. This will
increase the code execution time and consequently the post-processing time (for touch
applications). Therefore, optimum clock frequency must be chosen to achieve low-
power.

Configure the unused peripherals in Low-Power mode. If possible, disable the clock for
peripherals before going to Sleep (if they do not need to be active during Sleep).
Advanced MCUs provide the option to automatically disable the clock for peripherals
during Sleep.

Do not connect anything to unused pins in hardware. Connecting to a ground or pull-up
resistor can lead to leakage through that path. If it is not connected in the hardware,
configure the unused pins as output-low in the firmware.

Debug information keeps the CPU and peripherals active for a considerable amount of
time. Disable debug information when not required.
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Current Consumption
Table 6-1. ATtiny3217 Power Numbers

1 Key/3.3VICPU @ 8 MHz/PTC @ 4 MHz/CSD = 4, Drift wake-up = 2s, Driven shield = Disabled

Filter Level
Low-Power Scan Rate (ms)

256 1.9 3.64 11.9
128 2.46 5.56 20.6
64 3.65 7.48 44.5
32 6.02 16.2 74.5
16 10.6 30.5 167.2
4 37.8 114.9 573

Table 6-2. SAML10 Power Numbers
1 Key/3.3VICPU @ 12 MHz/PTC @ 4 MHz/CSD = 4, Drift wake-up = 2s, Driven shield = Disabled

Filter Level

S ]

256 2.373
128 2.983
64 4.063
32 5.96
16 9.59
8 16.8
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7. Using START to Configure Low-Power Sensors
Refer to the following link for help in configuring low-power sensors:
* http://www.microchipdeveloper.com
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

* Product Support — Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

* General Technical Support — Frequently Asked Questions (FAQ), technical support requests, online
discussion groups, Microchip consultant program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative
* Local Sales Office
» Field Application Engineer (FAE)
» Technical Support
Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.

Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support
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Product Identification System

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO.  [X]m -X IXX

|
Device Tape Temperature Package

and Reel Range

Device: Device A, Feature A, (Package A) Device B, Feature B, (Package B)
Tape & Reel Option: Blank = Tube

T = Tape & Reel
Temperature Range: I = -40°C to +85°C (Industrial)

E = -40°C to +125°C (Extended)
Package: AA = Package AA

BB = Package BB
Examples:

* MCPXXXXXAT-E/AA: Tape and Reel, Extended temperature, XAA package
* MCPXXXXXBT-E/BB: Tape and Reel Extended temperature, XBB package

Note:

1. Tape and Reel identifier only appears in the catalog part number description. This identifier is used
for ordering purposes and is not printed on the device package. Check with your Microchip Sales
Office for package availability with the Tape and Reel option.

2. Small form-factor packaging options may be available. Please check http://www.microchip.com/
packaging for small-form factor package availability, or contact your local Sales Office.

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

» Microchip products meet the specification contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is one of the most secure families of its kind on the
market today, when used in the intended manner and under normal conditions.

» There are dishonest and possibly illegal methods used to breach the code protection feature. All of
these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

» Microchip is willing to work with the customer who is concerned about the integrity of their code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.
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Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BitCloud,
chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeelLoq,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, SAM-BA, SpyNIC, SST,
SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BodyCom,
CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM,
dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial Programming,
ICSP, INICnet, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE,
Ripple Blocker, SAM-ICE, Serial Quad I/0, SMART-L.S., SQI, SuperSwitcher, SuperSwitcher I, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2018, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
ISBN: 978-1-5224-4110-6

AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE, Cordio, CoreLink, CoreSight, Cortex,
DesignStart, DynamlQ, Jazelle, Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore,
Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-PLUS, ULINKpro, uVision, Versatile
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