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AD7746 Evaluation Board

EVAL-AD7746EB

FEATURES

Full-featured evaluation board for the AD7746

PC evaluation software for control and measurement
of the AD7746

USB interface and cable in kit

APPLICATIONS

Capacitive length sensor demo
AD7746 performance evaluation
Platform to integrate the AD7746 into system design

EVALUATION BOARD DESCRIPTION

This data sheet describes the evaluation board for the AD7746.
The evaluation board interfaces to the USB port of a PC. Evaluation
software is available with the evaluation board, which allows the
user to easily communicate with the AD7746.

Note that the AD7746 evaluation board software should be
installed before connecting the AD7746 evaluation board to
the PC.

To properly use the evaluation board, see the AD7746 data sheet
on the Analog Devices, Inc., website. You can download the data
sheet from www.analog.com/AD7746.

AD7746 DEVICE DESCRIPTION

The AD7746 is a high resolution capacitance-to-digital converter
(CDC). The capacitance to be measured is connected directly to
the device inputs. The architecture features inherent high resolu-
tion (24 bits, no missing codes, up to 21-bit effective resolution),
high linearity (0.01%), and high accuracy (+4 fF factory calibrated).
The AD7746 capacitance input range is +4 pF (changing); the
AD7746 can accept up to 17 pF common-mode capacitance (not
changing), which can be balanced by a programmable on-chip
digital-to-capacitance converter (CAPDAC).

The AD7746 has two capacitive input channels. Each channel
can be configured as single-ended or differential. The AD7746
is designed for floating capacitive sensors. For capacitive sensors
with one plate connected to ground, the AD7747 is recommended.

The AD7746 has an on-chip temperature sensor with resolution
0f 0.1°C and accuracy of +2°C. The on-chip voltage reference
and the on-chip clock generator eliminate the need for any
external components in most capacitive sensor applications.
The part has a standard voltage input, which, together with the
differential reference input, allows easy interface to an external
temperature sensor such as an RTD or diode.
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EVALUATION BOARD SOFTWARE INSTALLATION

Before connecting the AD7746 evaluation board to the PC,
install the AD7746 evaluation board software by completing
the following steps.

1. Insert the AD7746 evaluation kit CD into the CD-ROM
drive of your PC.

Please install software before connecting board to USB port!

Version 2.2
Feb. 2011

ANALOG
DEVICES

on kit ion including ion guideline
may be found in file AD7746EB.pdf on this CD

AD7746

Evaluation Kit CD

) S
4n o
4 Bevices 1, 5011 A TS
Figure 2. AD7746 Evaluation Kit CD

The evaluation software installation wizard should start
automatically (see Figure 3). If the wizard does not start,
run Setup.exe from the AD7746 evaluation kit CD.

o

5 AD7746EB

Destination Directory
Select the primary installation directomn.

Al software will be installed in the fallowing location[s). To install software into &
different lacation(z), click the Browse button and select another directory.

Directory for ADFT4EER

|C “Program Files"Analog Devices'. | [ Browse. ]
Diirectomy for Mational Instruments praducts
|C “\Program Files"National Instruments*, | [ Brawse... ]

[ <¢ Back ][ MNewt 3> ][ Cancel

Figure 3. AD7746 Evaluation Software Installation Wizard

2. Follow the steps in the evaluation software installation
wizard until the installation is completed.

05513-002

05513-103

Connect the AD7746 evaluation board to the USB
connector of the PC using the USB cable included in the
evaluation kit. The POWER LED on the evaluation board
turns on, and the Found New Hardware Wizard starts
automatically on the PC (see Figure 4).

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you install software for:

AD7746 Evaluation Board

\) your hardware came with an installation CD
orfloppy disk. insert it now.

What do you want the wizard to do?

{% Install the software automatically (Recommended)
" Install from a list or specific location (Advanced)

Click Next to continue.

< Back Next >

Figure 4. Found New Hardware Wizard

Follow the steps in the Found New Hardware Wizard
window. If a message that the software has not passed
Windows® Logo testing appears, click Continue Anyway
(see Figure 5).

Please wait while the wizard installs the software...

=

5.

The software you are installing for this hardware:
AD774x Evaluation Board

has not passed Windows Logo testing to verify its compatibility
with Windows XP. (Tell me why this testing is important.)

Continuing your installation nf ths software llay impair
or destabilize the of your

either immediately or in the future. Microsoft slmnjy
recommends that you stop this installation now and
contact the hardware vendor for software that has

i Windows Logo

Continue Aryway | STOP Installation |

Figure 5. Windows Logo Warning

Follow the steps in the Found New Hardware Wizard
window until the installation is completed.
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EVALUATION BOARD HARDWARE

POWER SUPPLIES

The board is powered via the 5 V supply from the USB connec-
tor, J1, indicated via LED D1 (POWER). The 5 V supply can be
used to power the AD7746 directly. A 3.3 V regulated voltage from
the on-board ADP3303 high precision, low power, 3.3 V output
voltage regulator can also be used. Alternatively, the AD7746 can
be powered using an external 3 V or 5V power supply via J2.

I?’CINTERFACE CONFIGURATION OPTIONS

The AD7746 evaluation board allows different digital interface
configurations by redirecting the I’C signals, SDA and SCL,
on LK2.

Default Configuration

Links in the SDA, SCL, and RDY positions of LK2 connect

the USB microcontroller as the I’C bus master to the on-board
AD7746, as shown in Figure 6. This configuration allows easy
use of the evaluation board, together with the PC software.

AD7746 EVALUATION BOARD
. . u1
u3
SDA
[
MICRO- scL
CONTROLLER 9 AD7746
RDY
9
o N .
LK2 g

Figure 6. AD7746 Evaluation Board in Default Configuration

External Connection—USB

The AD7746 evaluation board allows customers to connect
their own specific AD7746 application board to Pin 4, Pin 6,
and Pin 8 of LK2. Using the PC evaluation software, customers
can evaluate their application hardware using the AD7746
evaluation board as a USB-to-I*C digital interface only, as
shown in Figure 7.

AD7746 EVALUATION BOARD
. . U1
us SDA .\.
CONTROLLER i o @ AD7746
RDY ‘ .
LK2 . .

FINAL APPLICATION

SDA

ScL AD7746
RDY

05513-107

Figure 7. AD7746 Evaluation Board as USB-to-FC Interface

External Connection—AD7746

The AD7746 evaluation board can be used for software develop-
ment by connecting a customer-specific external microcontroller
board to Pin 3, Pin 5, and Pin 7 of LK2, as shown in Figure 8. In
this configuration, the AD7746 CDC on the evaluation board is
used as the sensing device.

AD7746 EVALUATION BOARD
U1
o0
u3
SDA .
.
MICRO- <t ' o AD7746
CONTROLLER /.
RDY
o9
o |(m
LK2
CUSTOMER BOARD
SDA
MICRO- SCL
CONTROLLER —
RDY

Figure 8. AD7746 Evaluation Board Software Development Platform
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USB CONNECTOR

A standard USB connector, J1, is used to connect the evaluation
board to the USB port of a PC. A standard USB connector cable
is included with the AD7746 evaluation kit. Because the board
is powered by the USB connector, an external power supply is
not required, although one can be connected to J2.

Communication between the AD7746 evaluation board and the
PC is over the USB interface. The on-board USB controller
controls this communication.

Table 1. Socket Functions

SOCKETS

The AD7746 evaluation board has four populated sockets:
EXCA (P1), EXCB (P2), CIN1- (P3), and CIN1+ (P4). The
functions of these sockets are described in Table 1.

To interface to the AD7746 using the analog voltage input
channel or the external temperature sensor and an external
voltage reference, use the unpopulated through hole pads
labeled AIN+, AIN—, REF+, and REF- located on the AD7746
evaluation board.

Socket Function

CINT+ Subminiature BNC (SMB) connector. The capacitive input signal for the CIN1(+) input of the AD7746 is applied to this socket.

CINT- Subminiature BNC (SMB) connector. The capacitive input signal for the CIN1(-) input of the AD7746 is applied to this socket.

CIN2+' Subminiature BNC (SMB) connector. The capacitive input signal for the CIN2(+) input of the AD7746 is applied to this socket.
On this evaluation board, the positive terminal of the capacitive length sensor demo is connected to CIN2+.

CIN2-1 Subminiature BNC (SMB) connector. The capacitive input signal for the CIN2(-) input of the AD7746 is applied to this socket.

EXCA Subminiature BNC (SMB) connector. This socket is connected to the EXCA output of the AD7746. On this evaluation board,

capacitive length sensor demo.

the negative terminal of the capacitive length sensor demo is connected to EXCA. This provides excitation to the on-board

EXCB Subminiature BNC (SMB) connector. This socket is connected to the EXCB output of the AD7746.

' The CIN2- and CIN2+ sockets (P5 and P6, respectively) are unpopulated on the AD7746 evaluation board.

Rev. A | Page 5 of 16
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EVALUATION BOARD SOFTWARE

CONFIGURING THE EVALUATION BOARD

The evaluation board is initially configured to allow the user to
interface any capacitive input directly to CIN1 of the AD7746
device. To do this, connect one end of the capacitive input to
the SMB connector labeled CIN1+ or CIN1-. Then connect the
other end of the capacitive input to the SMB connector labeled
EXCB.

The AD7746 provides a second capacitive channel, CIN2. On
the AD7746 evaluation board, the second capacitive channel
is used with the on-board capacitive length sensor demo.

To disable the capacitive length sensor demo, disconnect the two
0 Q2 SMD resistors, R1 and R2. Any capacitive sensor can then be
directly interfaced to CIN2 of the AD7746 by connecting one end
of the capacitive input to either of the SMB connectors labeled
CIN2+ or CIN2- and the other end to one of the SMB connectors
labeled EXCA or EXCB.

P AD7745/ADT746 Evaluation Software

* &
AD7745/AD7746 Evaluation Software

Length Demo (CH2) Setup

Note that after the capacitive length sensor demo is disabled,
either of the excitation output pins (EXCA or EXCB) can be
used as the excitation source, regardless of which capacitive
channel is enabled. These settings are configurable using the
evaluation board software.

GETTING STARTED WITH THE SOFTWARE
To run the AD7746 evaluation board software, follow these steps:

1. From the Start menu, select Program Files > Analog
Devices\AD7746 Evaluation Software.

The AD7745/AD7746 Evaluation Software window
appears (see Figure 9). By default, the application opens
to the Real Time tab.

2. Click the Length Demo (CH2) button. This action enables
continuous conversions on Capacitive Channel 2 in single-
ended mode, enables EXCA as the excitation output pin, sets
the update rate, and initializes CAPDAC A. The Capacitive
Length Sensor Demo window appears (see Figure 10).

Reset AD7746

Quick Setup (CH1) Registers

Real Time | Analysis User Unit Setup

Graph Length
START

CLEAR GRAPHS

Download Firmware

Code O -
capacitance (I oF
user Unit  CIENE

Code CO -
Temperature [ 0e=qC

05513-004

Figure 9. AD7745/AD7746 Evaluation Software Window
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Slide the ruler on the evaluation board. This action is
mirrored on the screen. The code, capacitance, and length
(in inches or mm) appear on the right side of the window
(see Figure 10). These values change as you slide the ruler
on the evaluation board.

Remove the ruler completely by clicking the 0 mm/0 inch
Cal button.

3

Place the ruler at the 51 mm/2 inch mark by clicking the
51 mm/2 inch Cal button. The part is now calibrated to
the length of the ruler. Note that when the ruler length
exceeds 80 mm, the demo can no longer measure the ruler
length because the input capacitance range (+4 pF) has
been exceeded.

Click BACK to return to the Real Time tab.

=101

File About

Reset AD7746

Load Settings to enable CAP Channel 1jegisters

Real Time | Analysis User Unit Setup

Graph Length

> Capacitive Length Sensor Demo

Calibration Capacitive Length Sensor Demo

0 mm/0 inch Cal

Download Firmware

0
_70.348 Cap/pF

BACK

Code O icx
Temperature I 0=9C

05513-005

Figure 10. Capacitive Length Sensor Demo Window
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SETUP WINDOW

After running the capacitive length sensor demo to check the
settings and familiarize yourself with the software, follow these
steps to set up the software.

1. On the Real Time tab, click Setup. The Setup window
appears (see Figure 11).

The Setup window allows you to configure the capacitive
channel, the voltage/temperature channel, the output pin
for the excitation source, the CAPDACs, and the AD7746
operating mode.

=

Note that the Setup window reflects the settings established
during the capacitive length sensor demo, that is,

e  Capacitive Channel 2 is enabled in single-ended mode.

e  EXCA is enabled as the excitation output pin.

e  CAPDAC A is set to a value determined by the demo
calibration routine.

e The part is in continuous conversion mode.

Click OK to return to the Real Time tab.

=101

File

About

AD7745[AD7746 Evaluation Software

[ ime A Capacitve Channel Setup

Channel

Graph Length Capacitve Channel Enable

START 1 Time [ Update Rate

Chop Enable 182.1ms/ 5.5Hz

Input

Single Ended -

Voltage/Temperature Channel Setup

CLEAR GRAPHS

8 TFF4AD
b

Configuration

Channel Enable Internal Temp Sensar <

Internal Short Enable Internal Reference  <—

ion Time [ Update Rate
20.1ms [49.8Hz

Effe 1 Time | Update Rate

182.1ms/ 5.5Hz

Voltag

Level

CAP DAC Setup

CAP DAC A
[ ov {7 ] o=
CAP

EIiom e -

Mode Of Operation

Continuous Conversion

APPLY  REFRESH

05513-006

Figure 11. Setup Window
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USER UNIT SETUP

To set up the user unit, follow these steps.

1. On the Real Time tab, click User Unit Setup. The User
Unit Setup window appears (see Figure 12).

The User Unit Setup window allows you to configure a
unit that reflects the nature and sensitivity of the capacitive
sensor connected to the selected capacitive input. This
configuration is then reflected in the Real Time tab and
the Analysis tab. After the capacitive length sensor demo
is run, the user unit reflects the capacitive length sensor

by default.

2. Click OK to return to the Real Time tab.

3. Click START. Note that the Real Time tab reflects the set-
tings established during the capacitive length sensor demo.
The samples collected are displayed graphically in real time.

3

The samples are also displayed in hexadecimal format and
capacitance. When you move the ruler, the tab is updated
in real time, and the input capacitance changes. Also, the
User Unit field displays the length of the ruler in mm.

4. Click STOP to stop the display of data.

5. Click Quick Setup (CH1). This action enables Capacitive
Channel 1, enables EXCB as the excitation output pin, and
places the part in continuous conversion mode. In continuous
conversion mode, the part directly measures any capacitance
placed across the CIN1(+)/CIN1(-) and EXCB pins.

For complete information about this setup, click Setup.
Alternatively, you can click Registers. This action displays a
detailed register map of all available registers and reflects the
current user settings. The Registers window can be used if a
more detailed configuration of the AD7746 device is required.

File About
L - :'?-s-...____ F-
AD7745/AD7746 Evaluation Software

Length Demo (CH2) Setup

Reset AD7746 ffee v Time / Update Rate

Quick Setup (CH1) Registers

Real Time  Ana lysis

Graph Length

START ’ User Unit Setup

CLEAR GRAPHS
FFFAED

JFFA00

5 TFF4A0

7FF450 Cin -
TFFag0

(Code - 0x800000)
0x800000

Download Firmware J1182.1 ms/ 5.5 Hz

Cref ) pF

Range
40.2653 _ Unit

) X mm
Cref

CANCEL 0K

Code O e
Temperature [N DegC

05513-007

Figure 12. User Unit Setup Window
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PERFORMING A NOISE ANALYSIS

With the quick setup for Capacitive Channel 1 still in place,
click the Analysis tab. The Analysis window appears (see
Figure 13). To perform a noise analysis, follow these steps.

1. Type the number of samples required and click START.

After the samples are collected, they can be displayed as a
waveform or as a histogram. The average, RMS noise, p-p
noise, RMS resolution, and p-p resolution values relating to
the collected set of samples appear in the Analysis (Codes)
box on the right side of the window. These values can be
displayed in code, in capacitance, or in the user configured
unit.

2. To save this set of collected samples, select File > Save
Binary Data.

3. Select the directory and file name where you want to save
the data. The default file name is Binary Data.txt.

M AD7745/AD7746 Evaluation Software

File About

Length Demo (CH2) Setup

A summary of the current configuration as well as the data for
the selected number of samples in hexadecimal format is saved
to the file.

SAVING AND RELOADING USER CONFIGURATIONS

You can save a configuration and reload it at a later time. To
save any configuration, follow these steps:

1. Select File > Save Settings.

2. Select the directory and file name where you want to save
the current user configuration. The default file name is
Settings.txt. The user unit, user offset, and user range are
saved together with the complete register map as it appears
in the Registers window.

To reload these settings at any time, select File > Load Settings.
A prompt appears and points, by default, to the previously saved
user configuration Settings.txt file.

Reset AD7746 Eff: ersion Time / Update Rate

Quick Setup (CH1) Registers

Reai Time. | Analyss

Num Samples
START

CLEAR GRAPHS

1

y
=
B
g
o

Download Firmware i 62.0 ms/ 16.1 Hz

Analysis (Codes)

e -I Hex
R I o
p-p No I Hex
RMS olution |G Bits
p-p Resolution |G oits

05513-008

Figure 13. Analysis Window
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Figure 14. Evaluation Board Schematics
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COMPONENT ID
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Figure 15. Evaluation Board Layout, Silkscreen

Rev. A |Page 12 of 16



EVAL-AD7746EB

ORDERING INFORMATION

BILL OF MATERIALS
Table 2.
Qty Designator Description Manufacturer Part No.
3 U1, Samplel, Sample2 | CDC for proximity sensing, 16-lead TSSOP Analog Devices AD7746RUZ
1 U2 3.3V voltage regulator, low lg, 8-lead SOIC Analog Devices ADP3303ARZ-3.3
1 U3 Microcontroller, EZ-USB FX2LP, 56-lead QFN Cypress CY7C68013A-56LFXC
1 u4 EEPROM, I2C, 64 kb, 8-lead SOIC Microchip 241.C64-1/SN
1 D1 LED, green, 15 mcd, 572 nm, 0805 Avago HSMG-C170
1 D2 LED, red, 10 mcd, 626 nm, 0805 Avago HSMS-C191
1 D3 Diode, 50V, 1.5 A, SMB Vishay S2A-E3/52T
14 C1,C10to C22 Capacitor, ceramic, SMD, 100 nF, X7R, 16V, 0603 AVX CM105X7R104K16AT
4 C2,C8,0C9,C23 Capacitor, tantalum, SMD, 10 pF, 6.3V, TAJ-A AVX TAJAT06KO06RNJ
3 C3toC5 Capacitor, ceramic, SMD, 1 pF, Y5V, 10V, 0603 Yageo CC0603ZRY5V6BB105
2 ce,C7 Capacitor, ceramic, SMD, 12 pF, NPO, 50V, 0603 Yageo CCO0603JRNPO9BN120
5 R1toR5 Resistor, SMD, 0 Q, 0603 Multicomp MC 0.063W 0603 OR
1 R6 Resistor, SMD, 1.5 Q, 1%, 0603 Multicomp MC 0.063W 0603 1% 1R5
2 R7,R8 Resistor, SMD, 1 kQ, 1%, 0603 Multicomp MC 0.063W 0603 1% 1k
2 R9, R10 Resistor, SMD, 2.2 kQ, 1%, 0603 Multicomp MC 0.063W 0603 1% 2k2
3 R12to R14 Resistor, SMD, 100 kQ, 1%, 0603 Multicomp MC 0.063W 0603 1% 100k
1 L1 Ferrite bead, SMD, 300Z, 200 mA, 0805 Sigma Inductors BMB2A0300ANT1
1 Y1 Crystal, 24 MHz, 12 pF, CMS-8 series ECS ECS-240-12-20A-TR
1 i) Connector, USB type Mini-B Molex 56579-0576
1 J2 Terminal block with screws, pitch 5 mm Camden CTB5000/2
4 P1to P4 Connector, SMB, 50 Q Multicomp 24-14-2-TGG
1 LK1 Straight header, 2 X 3-pin, pitch 2.54 mm Harwin M20-9980346
1 LK2 Straight header, 2 x 5-pin, pitch 2.54 mm Harwin M20-9980546
4 Jumper socket Jumper socket, red; insert in these locations: Harwin M7566-05
LK1 (5.0 V), LK2 (SDA, SCL, RDY)
ORDERING GUIDE ESD CAUTION
Model Description ESD (electrostatic discharge) sensitive device.
EVAL-AD7746EBZ' Charged devices and circuit boards can discharge

' Z = RoHS Compliant Part.

Evaluation Board ‘

without detection. Although this product features
patented or proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.

A\

Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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EVAL-AD7746EB

NOTES

I2C refers to a communications protocol originally developed by Philips Semiconductors (now NXP Semiconductors)
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