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Evaluation Board for
AD7147 CapTouch Controller

EVAL-AD7141

FEATURES

Easy access to the AD7147
Connects to the USB port of any PC
Self-contained evaluation system
ADuC841 host microcontroller
Range of sensors

128-position slider

5-button cross shape sensor
Connection for prototype sensor PCBs
Test points for easy access to signals

APPLICATIONS

Evaluation of the AD7147
Evaluation of capacitance sensors

PRODUCT DESCRIPTION

The AD7147 CapTouch™ evaluation board allows the user to
evaluate all features of the AD7147 or the AD7147-1. The
evaluation software allows the user to test the capacitance
sensors, and allows data to be read from and written to the
AD7147 or the AD7147-1.

PACKAGE CONTENTS

The AD7147 CapTouch evaluation board kit contains the
following items:

e AD7147 CapTouch evaluation board
e USBcable
The following are available online at www.analog.com/AD7147:

e  Evaluation software
e EVAL-AD7147 data sheet

e  Utility program for software serial downloads

EVALUATION BOARD BLOCK DIAGRAM
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Evaluation boards are only intended for device evaluation and not for production purposes.
Evaluation boards are supplied “as is” and without warranties of any kind, express, implied, or
statutory induding, but not limited to, any implied warranty of merchantability or fitness for a
particular purpose. No license is granted by implication or otherwise under any patents or other
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EVALUATION BOARD

SETTING UP THE EVALUATION BOARD
Use the following steps to set up the AD7147 evaluation board:

1. Install the evaluation software from the Analog Devices,
Inc. website (www.analog.com/AD7147) and click
Evaluation Boards. Follow the on-screen installation
instructions. To complete the installation, accept the
licensing agreement.

Note that the software must be installed before the board is
plugged in.

2. Ensure that the evaluation board is on a flat, nonconductive
surface. Plug the USB connector from the USB port of the
PC into the mini-USB socket (J3) on the evaluation board.
The power indicator LED on the board should turn on.

3.  Ensure that all switches and links are in their default positions;
Switch 3 and Switch 4 should be set to the on position.

4. Start the AD7147 evaluation software.

When the evaluation software loads, click Register Configura-
tion, Evaluation Demo, or Exit. To examine the register setup
and compensation algorithm, click Register Configuration. To
investigate how the on-board sensors work, click Evaluation
Demo. To exit the software, click Exit.

EVALUATION BOARD DESCRIPTION

The AD7147 evaluation board allows the user to evaluate all
features of the AD7147. The board is powered via the USB
connection to the host PC. The evaluation software allows
data to be read from and written to the AD7147. The evaluation
software should be installed on the PC before the board is
plugged in.

Figure 1 is a block diagram of the AD7147 evaluation board,
showing all the main components and how they are connected.
Figure 23 shows the silkscreen for the evaluation board to aid in
locating components on the board.

The main component on the board is the AD7147 capacitive-to-
digital converter. It is connected to six capacitance sensors (one

slider and five buttons) and allows the user to evaluate a variety

of sensors that may be suitable for a particular application.

An ADuC841 microcontroller is also on the evaluation board.
This microcontroller sets up and controls the AD7147 over an SPI
or I’C interface. The software processing required for the slider
sensor runs on the ADuC841.

The ADuC841 can be disconnected from the on-board sensors
and the AD7147 via Switch S4. This allows the user to plug an
external sensor PCB into the evaluation board via the ZIF connec-
tor, J2, or edge connector, J1. The external sensor board must
have an AD7147 mounted on it. It is not possible to use the
AD?7147 that is located on the evaluation board with external
sensors. The ADuC841 on the evaluation board can be used for
host communication to an AD7147 on an external sensor board.

The AD7147 evaluation board is powered via the USB con-
nection. The Vop signal goes through an ADP3303 voltage
regulator (3.3 V output) before being distributed around the
board. There is a USB noise suppression chip to help reduce
noise on the D+ and D— USB signals (U8, may not be popu-
lated). These signals are routed to a Cypress USB controller IC,
which controls the USB interface and connects to the ADuC841.

There are connectors and test points available on all signals of
interest to ensure easy access. The LED indicates whether or not
the power is active.

Rev. 0 | Page 3 of 28
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EVALUATION BOARD HARDWARE

CONNECTORS

J1

J1 is a 10-way, 0.1 inch edge connector. It provides access to the
AD7147 interrupt, GPIO signals, power and ground signals,
and its serial interface, or to the ADuC841’s interface signals if
Switch SW4 is in the off position. J1 allows the user to connect
the evaluation board to external sensor boards when SW4 is off.

Table 1. J1 Connector Signals

J1Pin Signal

SDO/SDA
SDI/ADDO
SCLK
CS/ADD1

INT

GPIO
Unconnected
Vap7147

Vorive
0 GND

= OV O N O U1 Hh WN =

J2

J2 is a 10-way ZIF connector, which provides access to the
AD7147 power and ground signals, as well as to its interface
signals, or to the ADuC841’s interface signals. If Switch SW4 is
in the off position, J2 allows the user to connect the evaluation
board to external sensor boards. There are also two ADuC841
GPIOs, P2.5 and P2.6, available on J2.

J4

J4 is a 4-way header connector. Power and ground signals, along
with RxD and TxD signals from the ADuC841, are available on
this connector. This connector can be used for upgrading the
firmware on the ADuC841 by connecting a serial download
cable to this connector (see the Upgrading the ADUC841
Firmware section).

LINKS

LK1

LK1 connects the Vprive input pin on the AD7147 to the power
supply of the AD7147.

LK2

LK2 connects the evaluation board’s power supply to the power
supply of the AD7147.

INDICATOR LED

There is one indicator LED on the AD7147 evaluation board. If
the LED is on, the board is powered.

Table 3. Indicator LED

LED Signal Color
D1 Power Green
SWITCHES

The AD7147 evaluation board contains four switches: S1, S2,
S3, and S4.

Table 4. Switches

Table 2. J2 Connector Signals Switch | Type Description

J2 pin Signal S1 Push button | ADuC841 reset signal

1 GND S2 Push button | ADuC841 PSEN signal, used for

2 ADuC841 P2.5 downloading code to the ADuC841

3 ADuC841 P2.6 S3 Flick switch Power from USB connector on/off switch

4 GPIO S4 6-input Connects (on position) or disconnects

5 iNT AD7147 serial interface, INT and GPIO
— from the ADuC841

6 CS/ADD1

7 SCLK

8 SDI/ADDO

9 SDO/SDA

10 Vap7147

J3

J3 is a mini-USB socket. The USB cable should be connected to
this socket. The USB signals (D+ and D-) along with power
and ground for the evaluation board, are connected to this socket.

Rev. 0 | Page 4 of 28
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USING AN EXTERNAL HOST TO COMMUNICATE
WITH THE AD7147 VIA THE EVALUATION BOARD

It is possible for an external host to communicate with the
AD7147 via the evaluation board. The AD7147 can be
evaluated using the host system's serial interfaces.

An external host can be connected to the AD7147 evaluation
board by using Edge Connector J1 or ZIF Connector J2. There
are also test points available for connecting to the serial inter-
face (see the Schematics and Artwork section for the location of
the serial interface test points).

When the evaluation board is powered up, the on-board ADuC841
microcontroller continuously communicates with the AD7147.
When using an external host to communicate with the AD7147,
stop the on-board microcontroller from using the serial bus
with the following steps:

1. Press the PROG button, S2.

2. Hold S2 and press the RESET button, S1.
3. Release S1, keeping S2 pressed.

4. Release S2.

The external host should now be able to use the serial bus to
communicate with the AD7147.

CONNECTING EXTERNAL SENSORS TO THE
EVALUATION BOARD

It is possible to use the evaluation board software and host
microcontroller to evaluate sensors that are connected to the
evaluation board. Note that the external sensor PCB must have
an AD7147 on board. It is not possible to use the AD7147 hat is
on the evaluation board to control external sensors.

1. Power up the evaluation board.
2. Switch $4 to the off position.

3. Connect external sensor PCB to either J1 or J2. The serial
interface of the AD7147 on the external sensor PCB is now
connected to the serial interface of the ADuC841.

UPGRADING THE ADuC841 FIRMWARE

Occasionally, it may be necessary to upgrade the firmware
contained on the ADuC841 microcontroller. In this situation, a
software upgrade, in the form of a hexadecimal file, is available
from Analog Devices. To download the firmware to the ADuC841,
use the software serial download utility program, called WSD,
which installs as part of the evaluation software. A cable is
required to connect the PC serial port to the evaluation board.
This cable, EVAL-ADUC-CABLE], is also available from
Analog Devices. It also comes as part of the evaluation kit

for any Analog Devices microcontroller. The firmware can

be upgraded by using the following steps:

1.  Power up the evaluation board by putting Switch S3 in the
on position. LED D1 should turn on.

2. Insert the download cable on the dedicated connector, J4,
respecting the polarity. If the LED turns off, the cable is
connected incorrectly. Switch the cable’s connectors to
avoid short circuits on the board.

Press the PROG button, S2.

Hold S2 and press the RESET button, S1.
Release S1, keeping S2 pressed.

Release S2.

N ok w

Launch the WSD application and click Configuration.
Under Crystal Frequency, select the Other crystal option
and enter 16. In the Run section, click Run Automatically
after download.

8. Close the Configuration dialog box.

9. Click Download. A dialog box should open, prompting for
the path to the file .hex.

Select the path where the firmware upgrade hexadecimal file is
stored on your system and click Open. The firmware upgrade
begins to download, and a progress bar is displayed while the
upgrade runs.
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EVALUATION BOARD SOFTWARE

The evaluation software is operated in conjunction with the
evaluation hardware, and allows you to investigate the proper-
ties of the AD7147. The contents of the AD7147 registers can
be read or modified, the CDC results can be recorded, and the
ambient compensation algorithms can be displayed graphically
on-screen.

INSTALLING THE SOFTWARE

The software should be installed before the evaluation board is
plugged into the host computer. The evaluation software is installed
by running the AD7147EvaluationSoftwareInstall.exe program,
found at www.analog.com/AD7147 under the Evaluation Boards
heading. You must agree to the licensing agreement from Analog
Devices before installing the software. The software is saved into
a AD7147 Evaluation Software directory.

P AD7147 Evaluation Software

AD7147 Evaluation Software

RUNNING THE SOFTWARE

Before running the software, ensure that the evaluation board is
plugged into the USB port of the host computer. Run the software
from the AD7147 Evaluation Software directory. Once the soft-
ware starts running, the AD7147 Evaluation Software dialog
box appears (see Figure 2). You have three options: Register
Configuration, Evaluation Demo, or Exit. Exit shuts down the
evaluation software, Evaluation Demo allows you to investigate
the on-board sensors, and Register Configuration allows you
to investigate the settings of the internal registers on the AD7147.

At the lower left of this dialog box are the software and firmware
revision numbers. On the lower right of the dialog box, the
AD7147 device ID and silicon revision are displayed. If the
device ID is not 147, the software has not initialized properly.
In this situation, exit the software and restart it. If an error
persists, exit the software, disconnect the USB connector from
the board, and reinstall the evaluation software.

Register
Configuration

Evaluation Demo

‘ Exit ‘

Saftwans Revaion 3.0
Firmware Revision: 18

Device D: 147
Sikcon Revision; 0

06924-002

Figure 2. AD7147 Evaluation Software Start-Up Dialog Box
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EVALUATION DEMO

The evaluation demo software allows you to investigate how
the sensors on the AD7147 evaluation board work. Clicking
Evaluation Demo in the Evaluation Software Start-Up dialog

box opens the Evaluation Demo dialog box shown in Figure 3.

This box displays a graphical representation of the on-board
sensors. You can operate the buttons, and the slider on the
board. The movement or sensor activation is also displayed
on-screen. Note that in the Evaluation Demo dialog box, the
buttons can only be activated individually.

There is a sample application shown in the Demo tab. The
slider or buttons allow you to choose a country from the list.

There is a separate tab for each of the sensors on the evaluation
board, as well as a Control tab, which provides access to the
conversion and control registers on the AD7147. The individual
sensor dialog boxes show the sensors, along with the registers
associated with each sensor.

D Evaluation Demo

Control

Demo I

Slider T

JoyPad

ADI Register [2] - Button Register

ooooooo]o]ofo[o]o[o]o]0]o]
L

AD| Registers[3] - Slider Register

Down Button

Up Button

Left Button

Right Button

Centre Button

Go DOWN command
Go UP command

Go LEFT command
Go RIGHT command

[0o]o]o[o]0]0]o00]0000000]

o
v

L Absolute Positions

2 Fingers Touching

Large finger across
Go DOWN command
Go UP command

Tap on the Slider

Audible Feedback Relative Movement
[~ OFF 16

Slider Position

—

Activation

Interrupt Mode
v Threshold

Tap

[ ]

[ interface Active

06924-003

Figure 3. Demo Dialog Box
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CONTROL TAB

The Control tab allows you change some of the sensor config-
uration options. For example, you can change the contents of
the CDC conversion control registers and the main AD7147
control register (0x00) to influence the behavior of the sensors.
Any changes in the register settings are reflected in the calcu-
lated update and timeout variables for Full Power Mode (shown as
Area 1 in Figure 4) and Low Power Mode (shown as Area 2 in
Figure 4).

In the Control Register (shown as Area 3 in Figure 4), you can
change the power mode of the AD7147 to full power, low power,
or shutdown mode. You can also alter the low power mode
conversion delay, which is the time between conversions in
low power mode. The CDC Conversion Control 0 register
(shown as Area 4 in Figure 4) allows you to alter the full power
and low power mode skip controls. These settings control how
many samples from the CDC are skipped, or not used, in each
of the power modes.

The CDC Conversion Control 1 register (shown as Area 5

in Figure 4) contains the conversion sequencer reset and
force calibration buttons, the power down timeout, and the
proximity and skip counters. To force the AD7147 to recali-
brate the conversion algorithm for all sequencer stages, click
FORCE_CAL. To reset the sequencer, click CONV_RESET.
When you come close to a sensor, the proximity status is set.
The Full Power Proximity Time and Low Power Proximity
Time variables set the timeout period for the proximity status

in full and low power modes, respectively. These values can be
altered using the pull-down menus. The power-down timeout is
a multiple of Low Power Proximity Time. The drop-down menu
allows you to choose this multiple, and hence to set the timeout
period, which is the time taken for the AD7147 to go into alow
power state when no sensor is touched. The Fast Filter Skip
Control influences the time required for a conversion sequence
on the AD7147. See the AD7147 data sheet for more details on
how to use the CDC conversion time value.

The CDC Conversion Control 2 register (shown as Area 6

in Figure 4) contains the proximity recalibration level, the
proximity detection rate, and the slow FIFO update level. The
proximity recalibration level and the proximity detection rate
control the sensitivity of the proximity detector on the AD7147.
The Slow FIFO Update Level determines how often the current
CDC value is stored in an on-chip FIFO. This FIFO tracks the
ambient capacitance value. The settings can be changed by writing
a value into the text boxes.

The CDC Conversion Control 3 register (shown as Area 7 in
Figure 4) contains the recalibration timeout values for both full
and low power modes. If proximity is set for a period longer
than the Low Power Mode Timer Control value in low power
mode, or longer than the Full Power Mode Timer Control value
in full power mode, the AD7147 automatically recalibrates the
on-chip algorithm.

3 Evaluation Demo

Control

Demo T

Control Regizter 0x00; 20E2

Low Power = | Power Mode e

200ms T | Laow Power Conversion Dielay

COC Conversion Contral 0 0:01: FFF
,E Slow Awg Skip Full Power Mode o

0 _=| Slow Ava Skip Low Power Mode

COC Conuwersion Control 1 0:02; 2230

20~ | Paower Down

FORCE_CAL

COC Conversion Contral 2 003 413

o T | SlowFIFO Update Lewvel
25 Frosimity Fecalibration Level o
4 Prosimity Detection Fate

COC Conversion Control 3 0x04: 332

2 Low Fower Mode Timer Control

[

JoyPad

Slider T

Full Fower Mode

FastFIFO Update [EMms
Slow FIFO Update  [18.43ms
Progimity Timeout ,W °
Fiecalibrate Timer W
Power Down Time | 05838s

1 = | FastFilter Skip Cantrol
2 T | Low Power Proimity Time 3 T | Full Power Progimity Time e

COMY_FRESET

50 Full Fower Mode Timer Control a

Lo Fower Made

FastFIFO Update [206.14ms
Slow FIFQ Update [206.14ms
Presimity Timeout [184825
Fecalibrate Timer W

06924-004

Figure 4. Control Dialog Box
Rev. 0 | Page 8 of 28




'S Distributor of Analog Devices Inc.: Excellent Integrated System Limited

= = Datasheet of EVAL-AD7147-1EBZ - BOARD EVAL FOR AD7147ACPZ-1
lectroni ---..-':T‘-.-n Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com
SLIDER TAB The normalized response from each of the sensor segments is

Clicking the Slider tab opens the dialog box shown in Figure 5.
The graphic on the right of the screen represents the slider. The
blue bar moves up and down when your finger is moved along
the slider. The absolute slider position value is also shown as a
number between 0 and 127.

The slider requires 8 sequencer stages on the AD7147: one for
each segment of the slider. The segments are measured using
Sequencer Stage 0 to Sequencer Stage 7.

P Evaluation Demo

shown in Figure 5. As you move your finger along the slider, the
response from each segment changes. The response from each
segment is used by the microcontroller to calculate the position
of the finger on the slider.

The values in the Upper Threshold Status Register, Lower
Threshold Status Register (0x008 and 0x009), and Proximity
Status Register (0x042) are shown under Status Registers.

3

Demo | Control

Slider ‘ JoyPad

120 1

100 -
a0 |

EI:I_ ljnl—!

50 51 52 53 5S4 55 S6 57

15 55 62 22 4

DDDIIDDD

Statug Registers

0 Lawer Threshold Status Register
13 Upper Threshold Statuz Register
3T Prosimity Status Register

o, [N/ AN
ool v

0+ L/ — :

Y0 1800 1850 1500

SHOWS NORMALIZED
RESPONSE FROM EACH
SEGMENT OF THE
SLIDER

Slider

TELLS THE MOST
] RECENT POSITION OF
YOUR FINGER ON THE
SLID

Ab=olute Pozition

TURNS RED WHEN
[ SLIDER IS TAPPED

Interrupt Mode

M nterface Active

Cloze

06924-006

Figure 5. Slider Dialog Box

Rev. 0 | Page 9 of 28




]
puanm|
M

’I
Y

electronic components

Distributor of Analog Devices Inc.: Excellent Integrated System Limited
Datasheet of EVAL-AD7147-1EBZ - BOARD EVAL FOR AD7147ACPZ-1
Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com

EVAL-AD7141

JOYPAD TAB

The JoyPad tab opens the dialog box shown in Figure 6. When
you activate the joypad, the directional arrows on the graphic turn
blue to show the direction of movement. Movement of the blue
box is controlled by the joypad; you can move the blue box to
different icons around the screen using the joypad or select the
center OK button.

You can scroll up or down using the joypad. If you move over
the center OK button while scrolling, it does not activate the
button. Only a separate touch on the OK button activates it.

ADI Register [2] is shown in the lower right of Figure 6. This
register shows the results of the software decoding on the
buttons sensor outputs.

: Evaluation Demo

Demo I Control ] Slider T JoyPad

AS THE BUTTONS

ARE ACTIVATED,

THE SYMBOLS \
SHOULD TURN BLUE.

[ interface Active

— ADI| Register [2] - Button Registers
[ooooooofo]o]o]o]o]o]0]of0]
L

Down Button

Up Button

Left Button

Right Button
L Centre Butten

Go DOWN command
Go UP command

Go LEFT command
Go RIGHT command

06924-005

Figure 6. JoyPad Dialog Box
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REGISTER CONFIGURATION

Click Register Configuration in the evaluation start-up dialog box
to open the Register Configuration dialog box (see Figure 7). The
Register Configuration dialog box shows a block diagram of the
AD7147, including blocks that represent the inputs from the
sensors, the input multiplexer, the sequencer stage setup registers,
the CDC, the calibration engine, and the other setup registers.
By clicking a block, you can access the registers associated with
that block. The evaluation board has either an AD7147 with SPI
interface or an AD7147-1 with I’C interface. The evaluation
software shows which interface the device is configured for in
the lower left corner of the Register Configuration dialog box.
Click Close at the lower right of the screen to close the Register
Configuration dialog box.

The AD7147 block diagram is a representation of the internal
structure of the AD7147. The CIN inputs, CINO to CIN12, are
connected to the input multiplexer, which contains blocks to
represent the input connection settings for each sequencer stage.
The output of the multiplexer is connected to the CDC converter,
which in turn is connected to the calibration engine. The

P AD7147 Evaluation Software

calibration engine contains blocks that represent the calibration
setup for each sequencer stage.

The AD7147 registers must be programmed so the part
functions correctly. The AD7147 evaluation software has an
easy setup utility that programs the AD7147 registers with
appropriate setup values. This utility is run by clicking Easy
SetUp at the lower left of the Register Configuration dialog
box. After this button is clicked, all registers on the AD7147
are then set up automatically.

The Create Config File button saves your selected register
Configuration values to a header file that can be incorporated
into your code.

The Initialise CIN Inputs button changes all the
STAGE_CONNECTION]6:0] register values to 0xFFF,
and all the STAGE_CONNECITON[12:7] register values
to 0x3FFF. Use this when connecting an external sensor
and AD7147 to the evaluation board, before debugging.

= o
o
=
v Stage 3 [ENE
A = . INTE - 17
[a
CLICKILgU{\I'CMCE)S(S THE g P coe s 5 CLICK TO ACCESS THE
CONNECTION SETUP || Converter SCLK-18 j RO EACH STAGE.
FOR EACH STAGE. :
spal 13
Stage 7 Stage T
N o
Excitation Ambient Interrupt Power
ACSHIELD - 8 Source Compensation Configuration Control
ADT147 Configuration Setup CHANGES ALL CIN
SPI Communication Easy Setlp Registers CotStans SETJEH;%SJJ_P v&?_YjvEg
USE ONLY FOR
DEBUGGING EXTERNAL
ALLOWS YOU TO
AUTOMATICALLY Create Initialise CIN SENSOR AND
ey Close AD7147 PCBs. 5
UR |\C\onﬁg File Inputs g
SPECIFICATIONS. J g

Figure 7. Register Configuration Dialog Box
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INPUT MUX CONNECTION SETUP DIALOG BOX

To access the registers that control the input multiplexer
connection setups for each sequencer stage, click the block
representing that stage in the input mux section of the block
diagram. For example, clicking the Sequencer Stage 8 block in
the input mux opens the dialog box shown in Figure 8. Similar
dialog boxes are opened for each of the other stages.

Input Mux Configuration

For each sequencer stage, each capacitive input, CIN 0 to
CIN 12, can be connected to the positive or negative input of
the CDC, left floating, or tied to the bias voltage. To connect

CIN to the positive CDC input, select the + input path check box.

To connect CIN to the negative CDC input, select the — input
path check box. Selecting both boxes connects the input to bias,

P Stage 8 Input Configuration

and clearing both boxes leaves the input floating. The dialog box
also displays the register locations where the connection settings
are stored.

The CIN connection settings for each conversion stage depend
on the type of sensors and their connection to the AD7147. For
example, the up button on the joypad is connected to the
AD7147 through CIN 1 and the down button is connected
through CIN 3. To configure these buttons to operate correctly
for Sequencer Stage 8, all CIN inputs should be connected to
bias for that stage, with the exception of CIN 1, which should
be connected to the positive input path to the CDC and CIN 3
which should be connected to the negative. For more informa-
tion on configuring the sequencer stage connection setups for
particular sensors, see the AD7147 data sheet.

X

STAGES_CIN(0-6)_SETUP 0xCO STAGES_CIN(7-13)_SETUP 0xC1
— v nputpath — [v -input path — v -input path — [v -input path
L v +input path L [v +input path (- [¥ +input path [v +input path
— [~ -input path — [v - input path — [v - input path — [ - input path
v +input path [w +input path [¥ +input path [¥ +input path
— I -input path — ¥ -input path — ¥ -input path v
L v +input path L [w +input path [ [¥ +input path [v
Neg AFE Offset
— I -input path [+ — ¥ -input path Dizable
CIN 3 CIN 10
e o o ot o
™ +input path v [ +input path [ Disable
STAGES_CIN(0-6)_SETUP 0xCO STAGES_CIN(7-13)_SETUP OxC1
[1111111101111011][0xFF7B [0014411141111111][oxarFF g
15 0 15 0 g
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Analog Front-End Offset Control

negative and positive offsets can be altered, and the offsets can

lecting the check ided. Y isabl

To ensure that the full range of the AD7147 converter is used be swapped by se ectlng the check boxes provided. You can disable
for each sensor. an offset can be added to or subtracted from the positive and negative offsets for the sequence stage by select-

S . ing the Neg AFE Offset Disable and Pos AFE Offset Disable
the voltage at the input of the converter. When the sensor is not . . .

. . check boxes (see Figure 8), located in the upper right-hand

being touched, the output of the converter should be midscale, section of the Setup Register dialog box
output code of around 32,768. Program the offset DACs so that P g § DOX-

the converter output is as close as possible to midscale.

Figure 9 shows the analog front-end (AFE) offset register
contents. You can change the value of the AFE input offset for

The Get Offset button automatically programs the correct

values into the POS_AFE_OFFSET and NEG_AFE_OFFSET
registers.

each stage by changing the output of the offset DAC. Both the

ACTUAL VALUE IN
FARADS OF OFFSET

STAGES_AFE_OFFSET 0xC2

[elooooio1[ofo 000110 ]Joxses
™\

CAPACITANCE. /

v s oneor)
SELECT THIS CHECK
BOX TO CONNECT THE

—IT]- POS_AFE_OFFSET_SWAP

PROGRAMS THE 7-BIT
POSITIVE OFFSET DAC.

POS_AFE_OFFSET

5 =

THIS VALUE SHOULD
BE CLOSE TO THE

POSITIVE OFFSET DAC
TO THE NEGATIVE
CONVERTER INPUT.

SELECT THIS CHECK
BOX TO CONNECT THE
NEGATIVE OFFSET DAC

+ Imput

- Input

MIDSCALE OF THE
CONVERTER ~32,768.

]

~ ]
}—{i‘/_‘(‘l +i1eBm | 1° 6
— GDe
o

——5T NEG_AFE_OFFSET_SWAP

PROGRAMS THE 7-BIT
NEGATIVE OFFSET DAC.

TO THE POSITIVE
CONVERTER INPUT. /

J-

L

____:_P_j

Get Offzet

: ‘
NEG_AFE_OFFSET
o
1.92pF

06924-009

Figure 9. Sequencer Stage 8 Input Configuration Dialog Box, Lower Section
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CDC CONVERTER DIALOG BOX

Clicking CDC Converter in the Register Configuration dialog

box opens the box shown in Figure 10. This box shows the
contents of the AD7147 control register. You can change the
number of sequencer stages and the decimation factor and
increase the CDC modulator bias current by using the drop-
down menus provided. The number of required sequencer
stages depends on the sensors attached to the AD7147. For

P CDC Converter

all sensors on the evaluation board to operate correctly, this
value should be set to 11. The decimation rate is the factor by
which the CDC output is oversampled by the AD7147.

You can plot the values of each of the conversion stages
(CDC_RESULT_SX registers, from address 0x00B to 0x016)
in this widow. Ticking the box for a stage displays the CDC
result for that stage on the graph.

Power Control Register Ox00
15 0
NUMBER OF
[Dopooopofot11podo sz seouencmsmces]
USED MINUS 1
INCREASES THE CDC i
BIAS CURRENT WHICH CDC Biaz Sequencer Stage Num
CAN BE SET TO 100% —® | 110% = s B hd
(NORMAL OPERATION), T T
120%, 135%, OR 150%
[ 256 =
OVER SAMPLING /
RATES OF 256, 128, Stages
OR 64 / ADC Values
40000 [ Stage 0
| [v Stage 1 —
[v Stage2 —
38000 =
ww [v Stage 3
L) [v Staged —
[ Stage 5
36000 ]
¥ Stage6 —
. | v Stage 7 —
== y s e > e
24000 = - — s i et [v Stage 8
@., L_r_f__?_j::?’fk::: [v Staged —
| v Stage 10 ——
22000 u | [w Stage 11 —
EEOD EERO G700 E750
[ Stop Reading l [ Clear ] E

Figure 10. CDC Converter Dialog Box
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CALIBRATION ENGINE DIALOG BOX

To access the calibration engine settings for each sequencer stage,
click the block representing that stage in the Calibration Engine
area of the block diagram. The dialog boxes shown in this section
are opened by clicking the block representing Sequencer Stage 0
in the calibration engine. Similar dialog boxes can be opened
for each sequencer stage.

Figure 11 shows the right-hand section of the Stage 0 Calibration
Engine dialog box. This area of the box shows a graphical repre-
sentation of the calibration algorithm processing the CDC data
for Sequencer Stage 0. The actual CDC value is plotted, along
with the maximum and minimum threshold values, the maxi-
mum and minimum average CDC values, and the ambient or
background capacitance value. The current values and the
graph legend are shown directly above the graphing area.

To see the current values used by the AD7147 to run the cali-
bration algorithm, click Read Continuously at the bottom of
the screen. The graph is continuously updated with new values
from the AD7147. Force Calibration forces the AD7147 to
recalibrate all the algorithm values, Clear Graph clears the
graphing window, and Close closes the window. To save the
values that are shown on the graph, select the Save Results
check box at the lower left of the dialog box. The values are
then exported to a delimited text file.

While the sensor associated with Stage 0 is not touched, the CDC
value is equal to the ambient value. The Stage 0 proximity value
indicator at the top of the dialog box turns red when someone
is close to the sensor. When the proximity indicator is red, the
ambient value is not updated, but the CDC value is. If the CDC
value exceeds either the minimum or maximum threshold, the
Stage 0 low or high limit indicator at the top of the screen turns
green, indicating that the AD7147 registered a valid touch. The
minimum and maximum average values are updated while the
algorithm runs (this is also displayed on the graph in

Figure 11).

VALUE > HIGH LIMIT TO
INDICATE SENSOR TOUCHJ

— @

[TURNS GREEN WHEN CDC \—;

Stage 0 High Limit Status

VALUE < LOW LIMIT TO

TURNS RED WHEN
FINGER IS CLOSE

L @

.147 Stage 0 Low Limit Status
Stage 0 Proximity Status

TURNS GREEN WHEN CDC
INDICATE SENSOR TOUCH

TO SENSOR

— CDC Value 30557

e\  MaxThreshold |31552

—  \Max Average 32020

— Ambient Value
——

31020
Win Threshold 1 30340
M\ Average ] 28755

A\

T

\ Adaptive 1’hmhdd

A

w\\//

31500 ‘ |

CDC VALUE = AMBIENT
VALUE WHEN SENSOR ! U
IS NOT TOUCHED

31000

Y L [
A ‘\__,.Jr % = ‘
30000 :
] R ——
1 1 1 1 - <
740 T60 780 800 820
[T Save Results Stop Reading Force Calibration Clear Graph Close | §

Figure 11. Stage 0 Calibration Engine Dialog Box—Right-Hand Side
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The left-hand side of the Calibration Engine dialog box (see shown in Figure 13. To view this formula, click Calc Thresh for
Figure 12) has two tabs: Initial Setup and RAM Data. The either the minimum or maximum threshold (see Figure 13).
Initial Setup dialog box is shown in Figure 12. This section of
the box shows the initial setup values for the clamp, offset, and
sensitivity registers for the AD7147 calibration algorithm. It also
allows you to alter the sensitivity of each sensor by adjusting
the maximum and minimum threshold values. The threshold
values are calculated by the AD7147 on-chip, using the formula

You can choose the sensitivity level of each sensor by using the
drop-down menu. When the upper sensitivity setting is changed,
the maximum threshold is recalculated, and the graph is redrawn
with the new value. When the lower sensitivity setting is changed,
the minimum threshold is recalculated, and the graph is redrawn
with the new value.

Sequencer Stage 0

Initial Setup 1 RAM Data ]
- Adaptive Threshoid Setup
CHANGING THE
POS_PEAK_DETECT SENSITIVITY
60% <~ CHANGES THE
THRESHOLD VALUE
STAGEOD_OFFSET_HIGH_CLAMP 0x86 28810
1500
STAGEO_OFFSET_HIGH 0x85 T
900 ~ I/ 34922 —
STAGED_SENSITVITY 0xB83 WEE T OE A S
Calc
e | [2073% - el 34402 - /
. o TS
Max Thresh
STAGED_SF_AMB 0xF1 |
INCREASING OR DECREASING W | ——————l AMBIENT VALUE
THE SENSITIVITY VALUES
INCREASES OR DECREASES Min Thresh
THE THRESHOLD VALUES 33545 —
STAGED_SENSITIVITY 0x83 T Min Thresh 0x101
, -
- | |39.08% :I' Thresh 33800 Offset Low
WAGEO_OFM
[1zea =
STAGEO_OFFSET_LOW_CLAMP 0x87
32189
1500
NEG_PEAK_DETECT
-
CDC High Limit Status 0x09 [Pooooooooo0DOOODODOD] o
CDC Low Limit Status 0x08 [Pooooooooo0oo000000] Jo
Current Proximity Status 0x42 [oooooooooooob0O00DOOD] Jo g

Figure 12. Sequencer Stage 0 Initial Setup Dialog Box

Minimum Threshold Calculation

| Min Thresh = Ambient - (Offzet Lowid) + ((Offzet Low - (Offzet Lowi4)18) x Neg Senz

| Min Threshold = 33364 - ( 120044) + (( 1200- 1200/4}16) x 6 = 32726

06924-013

Figure 13. Minimum Threshold Formula
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The dialog box for the RAM Data tab on the left-hand side of memory on the AD7147 and are constantly updated while the
the Calibration Engine dialog box is shown in Figure 14. This AD7147 is in read continuously mode.

box shows the contents of the on-chip RAM (Bank 3 registers)
used during the calculation of the maximum and minimum
thresholds for Sequencer Stage 0. These values reside in

At the lower left-hand side of the dialog box, the contents of the
CDC low, CDC high, and current proximity status registers are
displayed.

nitial Setup T RAM Data 1
(" =)
STAGEO_CONV_DATA OxE0 [29448
STAGEO_FF_FIFO Ox(E1-E8) | 30373 | 30410 [ 30415 | 30380 [ 30380 [ 30380 [ 30380 [ 30380
STAGEO_SF_FIFO 0x(ES-F0) | 20380 [ 30380 | 30380 | 30380 | 30380 [ 30380 | 30380 | 30380
STAGED_SF_AMB 0xF1 [30380 STAGEO_FF_AVG 0xF2 | 30387
STAGEO_PEAK_DETECT 0xF3-F4 | 29448 | 29430
s ity s
f ~
STAGED_MAX_FIFO 0xF5-F8 | 31380 | 31380 | 31380 \ 31380
STAGED_MAX_AVG 0xF3 31380 STAGEO_HIGH_THRESHOLD OxFA [31005
| STAGEO_MAX_TEMP 0xFB [64239
£ R
STAGEO_MIN_FIFO OxFC-FF | 29250 | 29250 | 29250 [ 29250
STAGED_MIN_AVG Dx100 I 29250 STAGE_LOW_THRESHOLD 0x101 I 29758
STAGEO_MIN_TEMP 0x102 IZB‘DD
UNUSED 0x103 [32135
s =
CDC High Limit Status 0x09 [Coooooooboo00i1000] B
CDC Low Limit Status 0x08 [Coooooooo0o00000071] [T
Current Proximity Status 0x42 [Coocoooo0oobiiiodiii] EF 5
3
8
&

Figure 14. Sequencer Stage 0 RAM Data Dialog Box
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EXCITATION SOURCE DIALOG BOX disables the on-chip excitation source. Note that disabling the

I o . . excitation source stops the sensors from working.
By clicking Excitation Source in the AD7147 block diagram

(see Figure 1), the dialog box shown in Figure 15 opens. This Checking the Floating Mode Enable box changes the operation
box allows you to disable the on-chip excitation source. The bit of the AD7147 from a groun.ded sensor mode to floating sensor
that controls this function is located in the Control Register mode. Do not use this function with single electrode sensors.

0x00. Selecting the Excitation Source Disable check box

P Excitation Source [z|

Power Control Register 0x00
15 0
[DofofofJoo 0010110010 |oxB2

Floating Mode

E—— - L [ Excitation Source Dizable

06924-015

Figure 15. Excitation Source Dialog Box
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AMBIENT COMPENSATION DIALOG BOX

Clicking Ambient Compensation in the AD7147 block
diagram (see Figure 1) opens the Ambient Compensation
dialog box (see Figure 16). This box provides access to all four
CDC conversion control registers. These registers contain the
global conversion controls for the AD7147.

In the CDC Conversion Control 0 register, Bit 0 to Bit 11
are calibration enable bits for Sequencer Stage 0 to Sequencer
Stage 11. To enable the calibration routine for a sequencer
stage, select the check box corresponding to that stage. This
register also contains the full power (AVG_FP_SKIP) and low
power (AVG_LP_SKIP) skip controls. These settings control
how many samples from the CDC are skipped, or not used,
in each power mode. You can choose values from the drop-
down menus.

The CDC Conversion Control 1 register contains the
sequencer reset and force calibration bits, the power-down
timeout, and the proximity and skip counters. To force the
AD7147 to recalibrate the conversion algorithm for all sequencer
stages, select FORCE_CAL. To reset the sequencer, select
CONV_RESET. When a user comes close to a sensor,

the proximity status is set. FP_PROXIMITY_CNT and
LP_PROXIMITY_CNT set the timeout period for the proximity
status in full and low power modes, respectively. These values
can be altered using the drop-down menus. The power-down
timeout is a multiple of the LP_PROXIMITY_CNT. The
PWR_DOWN_TIMEOUT drop-down menu allows you

to choose this multiple, and hence to set the timeout period
(which is the time taken for the AD7147 to go into a low
power state when no sensor is touched). FF_SKIP_CNT

influences the time required for a conversion sequence on the
AD7147. See the AD7147 data sheet for more details on how to
change the CDC conversion time and other values.

The CDC Conversion Control 2 register contains the prox-
imity recalibration level, proximity detection rate, and slow
filter level. The proximity recalibration level and proximity
detection rate control the sensitivity of the proximity detector
on the AD7147. These settings can be changed by writing a
value into the text boxes. The SLOW_FIFO_LVL setting is
changed by choosing a value from the drop-down menu. This
setting determines if the current CDC value is stored in the
slow FIFO.

The CDC Conversion Control 3 register contains the
recalibration timeout values for both full and low power
modes. If proximity is set for a period longer than the
LP_PROXIMITY_RECAL in low power mode or the
FP_PROXIMITY_RECAL in full power mode, the
AD7147 automatically recalibrates the on-chip algorithm.

The Full Power Mode area at the right of the dialog box shows
the current on-chip settings for full power mode. It contains the
fast and slow FIFO update rates, the proximity timeout value,
the recalibration value, and the power-down timer value. In
addition, changes in the ambient compensation registers are
reflected in this section.

The Low Power Mode area shows the current on-chip settings
for low power mode, including the fast and slow FIFO update
rates, the proximity timer, and the recalibration timer values.
Changes in the ambient compensation registers cause these
values to update.
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Ambient Compensation
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Figure 16. Ambient Compensation Dialog Box
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INTERRUPT CONFIGURATION REGISTERS
DIALOG BOX

Click Interrupt Configuration in the main AD7147 block
diagram (see Figure 1) to open the dialog box shown in
Figure 17. The dialog box allows you to control the interrupt
settings for the AD7147.

The Stage Low Interrupt Enable register contains the low
interrupt enable bits for Sequencer Stage 0 to Sequencer

Stage 11. If the result of a sequencer stage crosses the lower
threshold setting for that stage, INT is triggered if the relevant
bit is set to 1. The interrupt enable for each stage is set by select-
ing the relevant check box. This register also contains the GPIO
configuration and setup bits. GPIO_INPUT_COEIG can be
set by using the drop-down menu, which causes INT to trigger
in response to either a negative or positive edge or to level on
the GPIO pin when it is configured as an input. GPIO_SETUP
can disable the GPIO function or configure the GPIO as an

P Interrupt Configuration Registers

input or as a low or high output. These settings can be altered
by using the drop-down menus.

The Stage High Interrupt Enable register contains the high
interrupt enable bits for Sequencer Stage 0 to Sequencer

Stage 11. If the result of a sequencer stage crosses the upper
threshold setting for that stage, INT is triggered if the relevant bit
is set to 1. The interrupt enable for each stage is set by selecting
the relevant check box.

The Stage Complete Interrupt Enable register contains the
sequencer stage complete interrupt enable bits. To enable the
interrupt once a sequencer stage has completed a conversion,
select the relevant check box. The GPIO interrupt enable bit
(GPIO_INT_EN) is als_oin this register. If this bit is set, the

GPIO can trigger the INT output. The interrupt polarity bit
(INT_POL), which resides in the Control Register is also
shown in Figure 17. Setting this bit to 1 by selecting the relevant
check box sets INT polarity to active high. Setting this bit to 0
sets INT polarity to active low.
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TO SET THE INTERRUPT
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Figure 17. Interrupt Configuration Registers Dialog Box
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POWER CONTROL DIALOG BOX

By clicking Power Control in the block diagram (see Figure 1) of
the AD7147, the dialog box shown in Figure 18 opens. This box
shows the contents of the control register that relate to power
control for the AD7147.

To perform a software reset, click SW_RESET. This bit is self-
clearing. You can put the AD7147 into shutdown, low power, or

full power mode by selecting the relevant option in the
POWER_MODE drop-down menu. You can also alter the low
power mode conversion delay by using the LP_CONV_DELAY
drop-down menu, which allows you to choose a 200 ms, 400 ms,
600 ms, or 800 ms delay. The greater the delay between conver-
sions, the greater the power savings you can achieve in low
power mode.

Power Control

(’

Control Register 0x00
15

SETS THE POWER MODE
FOR THE AD7142 TO
FULL POWER, LOW

POWER, OR SHUTDOWN

4

SW_RESET —

[0oooofofoo104 1]1 1]J0 0 | joxBC

/

POWER_MODE
IFulI Pawer - I

CONV.

O0ms:

;

MODE TO 200ms, 400ms,

SET THE DELAY BETWEEN
CONVERSIONS IN LOW POWER
600ms, OR 800ms Y,

=
H |
06924-018

Figure 18. Power Control Dialog Box
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CDC STATUS REGISTER

By clicking CDC Status in the block diagram (see Figure 1) of
the AD7147, the CDC Status dialog box shown in Figure 19
opens. This box allows you to view the CDC status registers, which
are read-only and cannot be modified by the user. When the
interrupt is triggered, a 1 in any of the registers indicates the
interrupt trigger. The Stage Low Limit Interrupt register

indicates which, if any, sequencer stage has exceeded its lower
threshold. The Stage High Limit Interrupt register indicates
which, if any, sequencer stage has exceeded its upper threshold.
The Stage Complete Limit Interrupt register indicates which,
if any, sequencer stage has triggered a conversion complete
interrupt.

[ cDC Status

15

Stage Low Limit Interrupt 0x03

o

[Coooooooocooocoooo] N

15

Stage High Limit Interrupt 0x09

o

[oooooooocooocoooo] N

15

Stage Complete Limit Interrupt 0x0A

o

[0oo0oooo1i1111100] N

GPIO Status Bi—————

06924-019

Figure 19. CDC Status Dialog Box
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SETUP REGISTERS

The Setup Registers dialog box (see Figure 20) allows you to The Main Initial Setup values are shown on the upper left-hand
save and load AD7147 register settings to and from a text file. side of the dialog box. You can also write to or read from a
These setup registers contain values to set up the calibration specific register address by typing the register address and the
and proximity detection routines on-chip for each sequencer value to be written for a write into the Write To Register area.

stage, as well as general-purpose setup values for the AD7147.

3 Setup Registers = @

— Main Initial Setup ~Stage 0 ~ Stage 1 ~ Stage 2 ~ Staged
Power Contral 0x00 W Conn Mem 0 0x30 FEFF Conn Mem 0 0x328 EFFF Conn Mem 0 0x30 FFFF Conn Mem 0 0x98 FFFF
Stage Calibration Enable 0x01 = Conn Mem 1 0x31 W Conn Mem 1 0x39 1FFF Conn Mem 1 0x91 lﬁ Conn Mem 1 0x99 1FFB
Amb Compeneation Cirl 0 0x02 [5536 AFE Offset Ctrl 0x82 |u_ AFE Offzet Cirl ﬂtxﬁAlu_ AFE Offset Ctrl 0x92 |u_ AFE Offset Cirl m»{u
Amb Compenation Ciri1 0x03 [373 Sens Ctrl 0x83 ﬁ Sens Cirl 0xB ﬁ Sens Ctrl 0x93 ﬁ Sens Ctrl 0x98 ﬁ
Amb Compenation Ciri2 0x04 Im— Low Offset Val 0x84[ 1200 Low Offset Val mcw Low Offset Val 0x94 [ 1200 Low Offset Val mcw
Stage Low Int Enable 0x05 IU— High Offset Val 0x85 | 1200 High Offzet Val 0x80| 1200 High Offzet Val 0x95 | 1200 High Offzet Val 0x80 | 1200
Stage High Int Enable 0x06 IU— High Clamp Val 0x858 | 1300 High Clamp Vfal 0=8E | 1300 High Clamp Val 0x96 | 1300 High Clamp Val 0=9E | 1300
Stage Complete Int Enable 0x07 |1— Low Clamp Val 0x87 | 1300 Low Clamp Val 0=8F | 1300 Low Clamp Val 0x97 | 1300 Low Clamp Val 0x9F | 1300
Stage Low Limit Int 008 |u— ~Stage4 ~Stage 5 ~Stage 6 ~Stage 7
Stage High Limt Int 0x09 IU— Conn Mem 0 0x&0  |FFFF Conn Mem 0 0xA8  |FFFF Conn Mem 0 0xB0  |FFFF Conn Mem 0 0xB8  |FFFF
Stage Compiefe Limt it 0x0A [ Conn Mem 1 0xA1 W Conn Mem 1 0xA9  [1FBF Conn Mem 1 0xB1 IF Conn Mem 1 0xB9  [1BFF

I AFE Offset ctrlﬂxA2|u AFE Offzet CtrlﬂrxAAlu— AFE Offset CtrlﬂxEZlu AFE Offset Ctrlﬂle!Alu
‘3l egister |14?u
Sens Cirl 0xA3 |2525 Sens Cirl 0xAB |2525 Sens Cirl 0xB3 |2525 Sens Cirl 0xBB |2525

—Write To Register ————————— | Low Off=set Val 0xA4| 1200 Low Offzet Val 0xAC| 1200 Low Offzet Val 0x84 | 1200 Low Offset Val ﬂxECI 1200
Register Address ( Hex ) | High Off=et Wal 0xAS| 1200 High Off=et Val 1200 High Offzet Val 0xB5| 1200 High Offset Val 0xBD| 1200
Value I_ High Clamp Val 0xA6 | 1300 High Clamp Val 0=AE | 1300 High Clamp Val 0=B5 | 1300 High Clamp Val 0=BE | 1300

Low Clamp Wal 0xAT | 1300 Low Clamp Val 0=AF | 1300 Low Clamp Val 0xB7 | 1300 Low Clamp Val 0xBF | 1300
* Hex " Decimal
~Stage 8 ~Stage 9 ~ Stage 10 ~ Stage 11

Conn Mem 0 0xC0O FFTB Conn Mem 0 0xC3 IFD-FE Conn Mem 0 0xD0 FEBA Conn Mem 0 0xD8 FFEF

Conn Mem 1 0xC1 |3FFF Conn Mem 1 0xC9 |3FFF Conn Mem 1 0xD1 |1FFF Conn Mem 1 0xD9 |1FFF

AFE Offset Ctrl 0xC2 [5p6 AFE Offzet Ctrl 0xCA[g06 AFE Offset Ctrl 0xD2 W AFE Offset Cirl ﬂxﬂA|u_
Sens Ctrl 0xC3 ﬁ Sens Ctrl 0xCB ﬁ Sens Ctrl 0xD3 ﬁ Sens Ctrl 0xDB ﬁ
Low Offzet Val 0xC4| 1000 Low Offzet Val ﬂxcclw Low Offzet Val 0=xD4| 1200 Low Offzet Val 0=xDC| 1000
High Offset Val 0xC5| 1000 High Off=et Val 0xCD| 1000 High Offzet Val 0xD5| 1200 High Offzet Val 0xD0| 1000
High Clamp Val 0=CS | 1100 High Clamp Vfal 0=CE | 1100 High Clamp Val 0=D§& | 1300 High Clamp Val 0=DE | 1100
Low Clamp Wal 0xC7 | 1100 Low Clamp Val 0=CF | 1100 Low Clamp Val 0=D7 | 1300 Low Clamp Val 0xDF | 1100

06924-020

Figure 20. AD7147 Setup Registers
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Figure 22. AD7147 Evaluation Board Schematic, AD7147 Section
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Figure 23. AD7147 Evaluation Board Silkscreen

Figure 24. AD7147 Evaluation Board Component View
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ORDERING INFORMATION

ESD CAUTION

ORDERING GUIDE
Model Description
EVAL-AD7147EBZ

EVAL-AD7147-1EBZ

Evaluation Board for AD7147 (SPI Interface)
Evaluation Board for AD7147-1 (I°C Interface)
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ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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