Application Note
“How to use the PE5004 in projected capacitive touch
applications.”

PE5004
In touch applications
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Introduction

The PE5004 is a sensing circuit for capacitive sensor arrays. Capacitive sensor elements are easy
and cost effective to build, either on printed circuit boards or on glass substrates coated with thin
metals such as indium tin oxide (ITO). The chip integrates all circuitry needed for interfacing matrices
of up to 10 x 10 sensors, making it ideal for projected capacitive touch sensing applications and
reducing the overall bill of materials.
This document shows the ease of using the PE5004 in a touch sensing application with an ITO-coated
glass. Possible applications are all kinds of touch- and pen-screens as well as touch pads.
For information on the working principle and complete description of the PE5004 and a guide how to
design capacitive sensors please refer to the PE5004 data sheet.
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System Setup

3.1

Hardware Setup

The Setup described in this document consists of:
• Controller Interface board (available from PE GmbH)

Figure 1: controller interface board, refer to AppNote 16 for details.
•

PE5004 on adapter board (layout available)

Figure 2: PE5004 on adapter board
The adapter board only consists of 4 parts: the PE5004, a block-capacitor and pin headers for
interfacing between ITO- and controller-board.

•

ITO cap. sensor array (by AMT Corp. or any other supplier)

Figure 3: ITO cap. sensor array
The ITO board originates from the DM160211 Development-Kit from Microchip®.
It consists of a glass substrate with a 3.5” diagonal. The substrate is coated with a 12 x 9 ITO
sensor array. The board contains no further hardware, just traces from the ITO to the pin
header.
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3.2

Assembly

Figure 4:

4

Board assembly

Sensing Basics

When connecting the USB-cable to the CIB on startup, the Microcontroller Unit (MCU) initiates the
PE5004 and performs calibration. It continuously reads the measured capacity afterwards. A plot of
the measured values vs. time is shown in Figure 5.
When the sensor field is not touched, a so called “baseline” can be observed. This baseline
corresponds to the untouched sensor capacity. During a touch event, the capacity will change, and so
does the result from the PE5004. Typically, the raw data during a touch are lower than the baseline,
but this strongly depends on the environmental conditions (sensor shape, coating, grounded or
floating operation etc).

Figure 5:

Raw data with baseline
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Touch recognition

A touch can be detected as major change from the baseline. Therefore the baseline is continuously
subtracted from the measured data, resulting in near-zero values in the untouched state. The baseline
is measured during calibration at startup of the interface board. A good visual display for the measured
data is the grid view (see Figure 6). It shows the matrix data in an isometric view. In the example given
below, the substrate is touched at the left center, resulting in lower values at this position (negative
peak). This touch can easily be detected by introducing a threshold level. The pad is touched if
measured data is lower than the threshold value. Bouncing during proximity can be avoided by using a
hysteresis.

Figure 6:

Raw data in grid-view
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6.1

Touch position
Single touch

The rough position of a touch can be determined by finding the minimum value in the matrix.
Calculating the 2 dimensional center of mass (com) in the matrix interpolates between the sensors,
increasing overall accuracy.
Center of mass is generally calculated using the formula below.
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di … raw-data at position 
6.2

Multi touch

Multiple touches are detected using the formula above for single touched, except that the area of the
calculation is restricted to the nearby fields of a minimum.
The figures below show example data of a multi-touch situation. The threshold-value for the touch in
this example is -100. Beginning with the lowest minimum at position (2;5) , the center of mass of this
touch is calculated. The exact position of the second touch is calculated the same way.
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Figure 7:
6.3
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Two touches in data field, (a) 1 touch (b) 2

touch

Resolution

The figures below show 2 nearby touches (data has been inverted). In the first figure there is a
minimum between the two maximums. On the right hand side, the touches are closer to each other,
separation is not possible anymore. Thus the precondition for detecting separate touches is a spacing
of at least 2 sensor fields.

Figure 8:

Two nearby touches, (a) distinctable (b) indestinctable
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Implementation

With the touch detection from the former chapters put into software and the assembly shown in Figure
4, a pointing device can easily be implemented.
The MCU from the controller board is In-System-reprogrammed to enumerate as HID-device.
All it has to do is detecting the touch and sending relative or absolute (depending on the HIDconfiguration) positions via USB.

Figure 9: Using the PE5004 in a touchpad-design

The ITO-Board shows some design weaknesses (long and crossing traces). They lead to an uneven
background distribution and different sensor behavior (see Figure 10, the diagonal line results from
parasitics at trace crossings). Nevertheless, the PE5004 is still capable of handling these different
sensors. The differences are finally eliminated during calibration.

Figure 10: different sensor background
The PE5004 is fast enough to refresh the whole array with up to 100 Hz, allowing Windows® 7 to
interpret multiple touches and interpret gestures when the HID-device is configured as multi-touchscreen. See http://msdn.microsoft.com/en-us/windows/hardware/gg487437.aspx for details.
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8.1

Schematics
5004 adapter board

Figure 11: Schematic of PE5004 Adapter Board
8.2

Controller interface board

The schematics of the CIB are documented in AppNote 16.
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Notes
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Germany

Important
Notice

Stuttgart

Dresden

Productivity Engineering
Process Integration GmbH
Behringstrasse 7
D-71083 Herrenberg
Germany
Phone.: +49 (0) 70322798 0
Fax: +49 (0) 70322798 29
Email: info@pe-gmbh.com
Web: www.pe-gmbh.com

Productivity Engineering
Process Integration GmbH
Sachsenallee 9
D-01723 Kesselsdorf
Germany
Phone.: +49 (0) 35204777 00
Fax: +49 (0) 35204777 000
Email: info@pe-gmbh.com

Productivity Engineering GmbH (PE) reserves the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at any time and to discontinue any product or service
without notice. Customers should obtain the latest relevant information before placing orders and should verify that such
information is current and complete. All products are sold subject to PE’s terms and conditions of sale supplied at the
time of order acknowledgment. PE warrants performance of its hardware products to the specifications applicable at the
time of sale in accordance with PE’s standard warranty. Testing and other quality control techniques are used to the
extent PE deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed. PE assumes no liability for applications assistance or customer
product design. Customers are responsible for their products and applications using PE components. To minimize the
risks associated with customer products and applications, customers should provide adequate design and operating
safeguards. PE does not warrant or represent that any license, either express or implied, is granted under any PE patent
right, copyright, mask work right, or other PE intellectual property right relating to any combination, machine, or process
in which PE products or services are used. Information published by PE regarding third–party products or services does
not constitute a license from PE to use such products or services or a warranty or endorsement thereof. Use of such
information may require a license from a third party under the patents or other intellectual property of the third party, or a
license from PE under the patents or other intellectual property of PE. Resale of PE products or services with statements
different from or beyond the parameters stated by PE for that product or service voids all express and any implied
warranties for the associated PE product or service and is an unfair and deceptive business practice. PE is not
responsible or liable for any such statements.
© 2016 PE GmbH. All rights reserved.

All trademarks and registered trademarks are the property of their respective owners.
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