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The CPT007 Capacitive Sense Evaluation Board is an excellent
starting point to get familiar with Capacitive Sense touch pads.

KEY FEATURES

. . . L . CPTO007B Capacitive Sense device with
The device serves as a user input peripheral for application development. The device GPIO

can be configured for different touch sense capabilities and also contains easy access
breakout pads and other peripherals for user feedback.

20-pin expansion header for connection
with a Silicon Labs Starter Kit (EFM8 or

EFM32
The kit includes the following: ) :
] Breakout test points for easy access to
. CPT007B Capacitive Sense Evaluation * Getting Started card touch pads
Board * 1 x mini USB cable Power sources include USB and EXT
« 1 x acrylic overlay AEERET

7 Capacitive Sense touch pads, 7 LEDs
* 1 Buzzer
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1. Getting Started

Hardware
To set up the hardware for the CPT007B SLEXP8007A Kit:

1. Provide power to the board by connecting the DBG USB connector to the PC using the provided USB cable. When a connection
has been established successfully, the LED (marked in the picture) lights up.

2. Place the acrylic overlay on the board over the capacitive sense pads.
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Figure 1.1. Hardware Setup

Software
The first step to get started with your new CPT007B SLEXP8007A kit is to go to
http://www.silabs.com/simplicity

The Simplicity Studio software package contains all the tools, drivers, software examples, and documentation needed to use the
CPT007B Capacitive Sense Evaluation Board. The board comes preconfigured for a Touch Demo for use with the acrylic overlay. The
demo enables the board to recognize touch events and touch release events. Every time a touch is sensed, the paired digital output pin
will go high, the corresponding LED will light up, and the buzzer will sound.

After downloading the latest version of Simplicity Studio and installing the software:

1. The auto-detect feature in Simplicity Studio can cause a CPT device to miss touches. First disable automatic detection by clicking
the [Settings] icon, selecting [Device Manager]>[TCF Device Discovery], and selecting [Never] for [USB Discovery Options].
Click [OK].

2.Click the [Refresh detected hardware] button.

3. Select [CPT007B] under [Detected Hardware]. On the board, a successful USB connection is established when the LED next to
the USB connector turns on.

4.Click the [Capacitive Sense Profiler] tile. This utility graphs touch-related data and events received from the CPT007B
SLEXP8007A for evaluation and analysis.
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2. Kit Block Diagram

An overview of the CPT007B Capacitive Sense Evaluation Board is shown in the figure below.
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Figure 2.1. CPT007B SLEXP8007A Block Diagram
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3. Kit Hardware Layout

The layout of the CPT007B Capacitive Sense Evaluation Board is shown below.

Config and ToolStick Base
Debug USB Adapter Output LEDs

Expansion
Header

CPTO007B Device

Piezo Buzzer Capacitive Touch Pads
Figure 3.1. CPT007B SLEXP8007A Hardware Layout

The CPT007B device on the kit can be connected to external peripherals other than the assigned pin functions using the vias on the
board. The table below shows all of the external connections to the fixed function CPT007B device.

Table 3.1. CPT007B Device Connections

CPTO007B Pin Assigned Function Expansion Port Connection (EXP)
CS00 Capacitive Sense Pad CS00 —
CS01 Capacitive Sense Pad CS01 —
CS02 Capacitive Sense Pad CS02 —
CS03 Capacitive Sense Pad CS03 —
CS04 Capacitive Sense Pad CS04 —
CS05 Capacitive Sense Pad CS05 —
CS06 Capacitive Sense Pad CS06 —
BUZZER Piezo Buzzer —
ouTo0 Output corresponding to CS00 and LED EXP6
OouTo
ouTOo1 Output corresponding to CS01 and LED EXP10
OouT1
ouT02 8utp121t corresponding to CS02 and LED EXP16
uT
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Kit Hardware Layout

CPTO007B Pin Assigned Function Expansion Port Connection (EXP)
ouT03 Output corresponding to CS03 and LED EXP15
OuUT3
ouT04 Output corresponding to CS04 and LED EXP5
OouT4
OuUTO05 Output corresponding to CS05 and LED EXP7
OuUT5
OouT06 Output corresponding to CS06 and LED EXP9

OuT6

RSTb / Config Clk

Configuration Clock

Config Data

Configuration Data
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4. Power and Operation

4.1 Power Selection

The CPT007 Capacitive Sense Evaluation Board is designed to be powered by two different sources:
* Through the on-board USB.
» Through the EXP header.

The figure shows how the different power sources are connected to the device.

Internal [

USB Mini-B ToolStick
Connector LDO

Automatically
Switches

3.3V

CPT Device

and
Peripherals

Figure 4.1. CPT007B SLEXP8007A Power Supply

When the USB is connected, the board is powered from the LDO internal to the USB device, which is in turn powered by the USB
cable.

The board can also be powered externally through the VMCU and GND pins of the expansion header when the board is attached to a
power supply or an EFM MCU Starter Kit.

When power is provided through the USB or an external power supply, the device can act as a stand alone device. When it is connec-
ted to an EFM MCU Starter Kit through the expansion header, the device acts as a peripheral to the MCU by providing capacitive sense
capabilities.

4.2 Standalone

In standalone mode, the CPT007B SLEXP8007A on the CPT007 Capacitive Sense Evaluation Board is designed to showcase and test
the board's features or act as a breakout board for any application. To operate in this mode, apply power using the USB connector or
an external supply.

The board can operate on its own to demonstrate and test the board's touch features and functionalities. The CPT007B SLEXP8007A
features configurable options such as touch characteristics, output characteristics, and user feedback peripherals. The device's fea-
tures can be configured in Simplicity Studio using [Xpress Configurator], and the capacitive sense data can be viewed in the [Capaci-
tive Sense Profiler].

The device can act as a breakout board to extend functionality of a custom board by simply reading the output results on the pins. The
touch qualification engine on the device will process the touch information and output the results through GPIO. The device outputs can
be accessed through the expansion header, and the capacitive sense inputs can be accessed through the vias on the board.
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4.3 Connected to the Expansion Header

The CPT007 Capacitive Sense Evaluation Board is designed to quickly attach to any EFM32 and EFM8 MCU starter kit and jump-start
the development of capacitive sense capable applications. Attach the CPT007 Capacitive Sense Evaluation Board to the STK through

the expansion header to connect the power and communication pins.

To see how the board works in conjunction with the MCU starter kit, go to the starter kit's [Demos] under [Tools] in Simplicity Studio
and run [CPT007B Demo].

For more details on the starter kit, see the corresponding starter kit's user guide.

Note: Not all EFM32 starter kits support this expansion board. See the available demos in Simplicity Studio for more information.
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Figure 4.2. CPT007B SLEXP8007A Connected to an Example EFM8SB2 STK
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5. Peripherals

The starter kit has a set of peripherals that showcase some of the features of the CPT007B device.

Be aware that some CPT007B 1I/O routed to peripherals are also routed to the breakout pads. This must be taken into consideration
when using the breakout pads for your application.

5.1 Capacitive Sense Touch Pads

The kit has 7 capacitive sense touch pads. The touch pads are connected in order to pins CS00 - CS06 of the CPT007B SLEXP8007A.
After the touch pad inputs have been processed by the touch qualification engine, the CPT007B SLEXP8007A will output the result
through GPIO.

The capacitive sense inputs can be configured for different thresholds, debounce counter values, scan periods, gain, scanning meth-
ods, touch time-outs, and touch exclusiveness using the [Xpress Configurator] in Simplicity Studio. The device outputs can also be
configured for different pin polarities and drive strength.

See the CPT007B SLEXP8007A Data Sheet for more detailed information on the different configurations.

CS00
CSso1
CSs02
CSso03
Cs04
CS05
CS06

CPT007B
Device

Figure 5.1. Capacitive Sense Touch Pads

5.2 LEDs and Buzzer

The device features LEDs and a buzzer to provide feedback to the user when using the device.
There are 7 LEDs located above the capacitive sense touch pads and corresponds 1-to-1 to the touch pads. The LEDs are connected
to the CPT007B on the OUTn pins.

The board's buzzer is located to the bottom left of the board and is connected to the CPT007B on the BUZZER pin.

The LED and BUZZER outputs can be configured to be active or inactive when the touch pads are touched using Configurator.

OUT00 e
88¥8g LED2 [EI] CRERE
OuUT03 L ERCNERD
8%8@ LEDS Buzzer and
G
CPT007B
Device

Figure 5.2. LEDs and Buzzer
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6. Connectors

6.1 Breakout Pads
The "breakout pads" located on the left of the touch pads are routed to the capacitive sense input traces and power rails.

The capacitive sense input traces can be accessed through the vertically aligned vias located in middle of the board on the left of the
pads. All 7 CPT007B capacitive sensing touch pads are bound to each via.

Furthermore, above the buzzer, there are two breakout pads for VMCU and GND to measure the active current of the board using an
in-circuit ammeter. A 2.54 mm pitch pin header can be soldered in for easy access to these pins.

Note: In order for the capacitive sense pins to be connected properly to your application or power to be measured correctly, the 0 ohm
resistors must be removed. The 0 ohm resistor for a channel can be found next to the corresponding via on the top side of the board.

EXP Header
o]
(20}
oo
N —

 CSo04 CS03 -

*
=3 O OO0

Figure 6.1. Breakout Pads
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6.2 Expansion Header

On the left hand side of the board is a female expansion header to connect to a Silicon Labs EFM8 or EFM32 Starter Kit (STK). The
connecter contains a number of output and communication pins that can be used to communicate with the MCU on the STK. The re-
sults from the touch qualification engine are routed out to these pins. Additionally, the VMCU, 3V3, and 5V power rails are also impor-
ted. The figure below shows the pin assignment of the expansion header.

The CPT007B SLEXP8007A outputs using GPIO.

The pin assignment of the expansion header and the peripheral function are listed below in the figure and table.

EBID SDA 19 | g g 120 3V3
EBID SCL 17 | g w1 18 5V
OUTO03 15 | g g | 16 ouTo02
NC 1B | gul 14 NC
NC M| gl 12 NC
OuTO06 9 | gmwl 10 OuTO1
OUTO05 7| am 8 NC
OuT04 5| am 6 OuUTO00
NC 3 | am 4 NC
1| am 2 VMCU
H CPT Pin
H Power
Ground

[ Reserved (Board Identification)

Figure 6.2. Expansion Header

Table 6.1. Pins available on Expansion Header

CPT007B pin EXP Header pin number

OouTo0 6
OouT01 10
OouT02 16
OouTO03 15
OouT04 5
OuTO05 7
OouTO06 9
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7. Simplicity Studio
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Figure 7.1. Simplicity Studio
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7.1 Xpress Configurator

[Xpress Configurator] provides the necessary tools to modify the CPT007B SLEXP8007A's functionalities for a custom application in
an easy-to-use GUI. To use [Xpress Configurator] within Simplicity Studio:

1. Provide power to the board by connecting the USB connector to the PC using the provided USB cable.
2.Click the [Refresh detected hardware] button and select [CPT007B] under [Detected Hardware].
3. Go to [Tools] and click the [Xpress Configurator] tile.
4. Select the desired configuration for the engine and peripherals.
More information about each of the options in [Xpress Configurator] is available in AN0829: "Capacitive Sensing Library Configuration

Guide." Application notes can be accessed within Simplicity Studio using the [Application Notes] tile or on the Silicon Labs website
(www.silabs.com/interface-appnotes).

- N
4 Xpress Configurator - cpt112s/cptl12s document - Simplicity Studio &E‘g
File Edt Navigste Sesch  Project  Run Window  Help

# - W iow 4 5 (e

Basic Configuration

Active scan period (mS) @ Buzzer @ Duration {(ms) @ Frequency @ Drive strength @ 12C address
10 10 [2 kHz v] [npen drain vl Oxed £
Sleep scan period (mS) © Vvake on prox © Input Pin @ Threshold © 12C Timeout @ Timeout (s)
200 = €500 1 = 1
Debounce @ Mutex Buttons @
3 |
ActiveMode Scan Type © Touch timeout © Timeout (s) @
[ﬁeemn mode -] = 1
Counts Betore Sleep @ Slider max pos. @ Self testing @
100 100 =

PROBLEMS

>
1

Description

‘a RESET SAVE PROGRAM TO DEVICE REQUEST PARTS e

oe No devices active {click to select) -

Figure 7.2. Simplicity Studio Xpress Configurator
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7.2 Capacitive Sense Profiler

The [Capacitive Sense Profiler] in Simplicity Studio displays touches, raw and processed data, and noise information in a simple-to-
use GUI. Touch and release any of the capacitive sensing peripherals on the board and the profiler will display the data in a table and
as a graph over time.

To access and setup the [Capacitive Sense Profiler] in [Simplicity Studio]:
1. Provide power to the board by connecting the USB connector to the PC using the provided USB cable.
2.Click the [Refresh detected hardware] button and select the [CPT007B] kit under [Detected Hardware].
3.Go to [Tools] and select the [Capacitive Sense Profiler] tile.
4.In the [Control Panel], click [Use Device...] .

Once the board is connected, touch and release any of the capacitive sensing touch peripherals on the board to view the raw and pro-
cessed data. The profiler can view the data as [Raw Data], [Noise], and [Buttons]. The Buttons view is particularly useful since it
shows the state of the capacitive sense touch pads as either on or off.

More information about [Capacitive Sense Profiler] is available in AN0829: "Capacitive Sensing Library Configuration Guide." Applica-
tion notes can be accessed within Simplicity Studio using the [Application Notes] tile or on the Silicon Labs website (www.silabs.com/
interface-appnotes).
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Figure 7.3. Simplicity Studio Capacitive Sense Profiler

silabs.com | Smart. Connected. Energy-friendly.



http://www.silabs.com/interface-appnotes
http://www.silabs.com/interface-appnotes

UG132: CPT007B SLEXP8007A Kit User's Guide
Advanced Energy Monitor

8. Advanced Energy Monitor

When the CPT007B Capacitive Sense Evaluation Board is connected to a Silicon Labs STK, the STK's AEM (Advanced Energy Moni-
tor) hardware also measures the CPT007B power consumption using the VMCU connection on the EXP header. By using the [Energy
Profiler] in Simplicity Studio, current consumption and voltage can be measured in real time.

More details about AEM and its operation can be found in the STK User Guide. Note that AEM will measure the current for all circuitry
connected to VMCU, including the STK MCU and the CPT device.

EFM STK CPT EXP
Board Board

CPT
Device and
Peripherals

AEM
Hardware

Figure 8.1. Measuring CPT007B SLEXP8007A Current Using AEM
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9. Schematics, Assembly Drawings, and BOM

The schematics, assembly drawings and bill of materials (BOM) for the CPT007B Capacitive Sense Evaluation Board are available
through Simplicity Studio when the kit documentation package has been installed. To access these documents, click the [Kit Docu-
mentation] tile after selecting the device in the left pane.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.
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Pakc: 8 (812) 320-02-42
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