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Evaluating the ADuCM355 Precision Analog Microcontroller
with Chemical Sensor Interface

FEATURES

Debug and programming capability of the ADuCM355
Evaluation capability with electrochemical gas sensors
ADT7420 +£0.25°C accurate temperature sensor via 12C

MicroUSB power option and connection to PC

EQUIPMENT NEEDED

PC running Windows® 7 or later

Electrochemical gas sensor or resistor star network

DOCUMENTS NEEDED

ADuCM355 hardware reference manual
ADuCM355 data sheet

SOFTWARE NEEDED

IAR Embedded Workbench or Keil pVision
ADuCM355 GitHub Repository
Terminal program such as RealTerm

GENERAL DESCRIPTION

The ADuCM355 on-chip system provides the features needed
to bias and to measure a range of different electrochemical
sensors. The EVAL-ADuCM355QSPZ allows users to evaluate
the performance of the ADuCM355 when implementing a
range of different electrochemical techniques, including
chronoamperometry, voltammetry, and electrochemical
impedance spectroscopy (EIS).

Complete specifications for the ADuCM355 are available in the
ADuCM355 data sheet, which must be consulted in conjunction
with this user guide when using the EVAL-ADuCM355QSPZ.
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POWER CONFIGURATIONS

This section describes the four different options to power the
EVAL-ADuCM355QSPZ. The different power options include
the following:

e  Power via a microUSB connector, P4, and the on-
board ADP7158 low dropout (LDO) regulator, which
is the default power option.

e  Connect 3.3 V to the AVDD and DVDD connectors.
This setup is useful for measuring the current
consumption of the EVAL-ADuCM355QSPZ via the
current meter.

e  Power via the 8-pin P27 debug header (a different
USB connection option to the PC).

e  Power via an external 5 V supply to the 2-pin JP37
connector. Optionally, an external 5 V supply can
power the ADP7158 instead of the USB using this
setup.

MicroUSB DIRECT POWER VIA P4 AND ADP7158
LDO REGULATOR
To power the EVAL-ADuCM355QSPZ via the P4 microUSB

connector, take the following steps:

1. Ensure that the JP40 and JP42 to JP46 jumpers are
inserted. These jumpers control the features shown in
Table 1.

2. Remove the JP37 jumper.

Table 1. Jumper Connections

Jumper Description

JP45and Connect the UART pins from the ADUCM355 to the

JP46 UART to USB transceiver chip (U2) (see Figure 3).

JP40 Connects the 5V USB supply to the LDO input (U3)
(see Figure 4).

JP42 Connects the 3.3 VLDO output to the EVAL-
ADuCM355QSPZ power supply filters (see Figure 4).

JP43 and Connect the DVDD and AVDD rails to filters for the

JP44 DVDD and AVDD analog supplies to the ADuCM355
(see Figure 4).

ANALOG
DEVICES
a8 o oty bt

16887-002

Figure 2. Direct Power via MicroUSB Cable
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Figure 4. Schematic Section with Key Jumpers Around LDO and Power Supply
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DIRECT 3.3 VPOWER VIA THE AVDD AND DVDD
CONNECTORS

To measure the ADuCM355 current consumption (Iop), connect
3.3 V directly to the AVDD and DVDD connectors.

To power the EVAL-ADuCM355QSPZ in this case, apply a
3.3 V supply directly to Pin 1 on the AVDD connector and to
Pin 1 on the DVDD connector.

Jumper Setup with Direct 3.3 V Connection

The jumper settings required when using a 3.3 V connection

are as follows:

1. Insert JP32, JP34, JP43, and JP44.
2. Remove JP42.

For additional information, see Figure 6.
POWER VIA USB FROM 8-PIN DEBUG
CONNECTOR (P27)

If using the older USB-SWD/UART and debug interface, the
ADuCM355 can also be powered from the USB. The UART to
USB interface is handled by the USB-SWD/UART-EMUZ board.

Jumper Setup with Power via USB

Close JP35, JP40, JP42, JP43, and JP44 when using power via
the USB (see Figure 5).

ANALOG
DEVICES

EVAL-ADUCM35505P1

16887-006

Figure 5. Power via 8-Pin P27 Debug Connector

POWER VIA EXTERNAL 5 V SUPPLY TO 2-PIN
CONNECTOR (P37)

The last power supply option is to connect an external 5 V
supply to the 2-pin P37 connector. This 5 V supply is the input to
the ADP7158 LDO regulator that has a 3.3 V output voltage. Do
not connect the microUSB cable to P4. This option is a debug or
test option only.

16887-005

Figure 6. Power DVDD and AVDD Directly via Power Header Blocks
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CONNECTING AN ELECTROCHEMICAL SENSOR

The ADuCM355 has two measurement channels (CHO and CH1)
for electrochemical sensors. A 2-lead, 3-lead, or 4-lead sensor
can be connected to either CHO or CH1. Figure 7 shows an
electrochemical sensor connected to CH1.

16887-007
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GETTING STARTED WITH THE TOOL CHAIN

DOWNLOADING THE INTEGRATED
DEVELOPMENT ENVIRONMENT (IDE)

The ADUCM355 firmware examples use either the IAR
Embedded Workbench® or Keil uVision® IDEs to run the
firmware. Ensure that a full or evaluation version of either
software is downloaded and installed to run the example
applications. IAR Embedded Workbench supports the
ADUCMS355 with Version 8.32.1 and later for ARM. Keil uVision
supports Version 5.28 and later.

INSTALLING THE ADuCM355 SUPPORT PACKAGE

The ADUCM355 firmware examples are source controlled on
www.GitHub.com. To clone the repository, execute the
following command of the Git command line:

git clone --

recursive https://github.com/analogdevicesin
c/aducm355-examples.git

This command downloads the main repository and the
submodules. If the code from the web browser downloads, the
examples/ad5940lib folder does not download automatically and
compilation errors occur. Download the code manually from
GitHub in the shared library file that contains the ADUCM355
examples and the AD5940 example. Both devices have the same
analog front end.

When using Keil uVision, the ADUCM355 device family pack
can be downloaded as part of a Cortex® microcontroller
software interface standard (CMSIS) pack. Download the pack
from GitHub.

The sample firmware contains the following folders:

e  The common folder contains all library files common
to all applications.

e  The examples folder contains specific example
projects. This folder is divided into the following three
subfolders:

e  The AnalogDie folder contains example projects that
demonstrate how to use specific blocks on the analog die.

e The DigitalDie folder contains examples that
demonstrate how to use the digital die and peripherals
such as SPI or I*C.

e  The ApplicationExamples folder contains application
level examples such as M355_ECSns_DualWE, which
demonstrates how to configure a dual working electrode
sensor and calculate gas parts per million (PPM)
readings.

e The inc folder contains files included for the
Microprocessor.

RUNNING A GPIO EXAMPLE IN IAR EMBEDDED
WORKBENCH

The ADUCM355 CMSIS pack is not supported for IAR
Embedded Workbench. To use IAR Embedded Workbench,
clone the repository from the GitHub directory, as described in
the Installing the ADuCM355 Support Package section. To run
the general-purpose input/output (GPIO) example, navigate to
examples > DigitalDie > M355_GPIO > iar. Double click the
M355_GPIO.eww file to open the project in the AR Embedded
Workbench (see Figure 8).

16887-008

<

Figure 8. M355_GPIO.eww File Location

Project Folder Structure

The IAR Embedded Workbench project folder structure is
shown to the left of the IAR Embedded Workbench window
(see Figure 9). The app folder contains files specific to the open
application. In Figure 9, M355_GPIO.c is the example shown.
The common folder contains the required library files for the
open application. For the GPIO example, the library files are
ad5940.c, CIkLib.c, DioLib.c, IntLib.c, and UrtLib.c. The
startup folder contains start-up files for the microprocessor, and
the Output folder contains the files that are autogenerated by
the IDE. All subsequent firmware examples follow this folder
structure in the JAR Embedded Workbench.
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Debug 2 | VO —___
= T T
Files & . | i RO £
opyright (c) 2017-2019 Analog Devices, Inc. All Rights Reserved.
=Y IM355_GPIO -Debug | v | |
& epp This softvare is proprietary to Analog Devices, Inc. and its licensors.
L@ B M355_GPIO.c By using this softvare you agres to the temms of the associated
—T_: commaon Analog Devices Softvare License Agresment.
£ ad5940.c
E]Cﬂd_lbc R R
B DioLib.c
B intLib.c =i
3 B Urtlib.c
H startup
£ retargetc
B startup_ADUCM355.c
L@ B systern_ADuUCM35...
L@ & Output
L oauy
dinclude “ad5%40.h"
#include "Urtlib.h"
#include “DioLib.h"
#include "ClkLib.h"
#include “Inclib.h"
#include <stdio.h>
#include <string.h>
void ClockInic(void):
wvoid GPIOInit(wvoid):
void UarctInic(void):
void TestButtonPress{unsigned int uilium); T n IROO asserted
volatile uint32_t ucButtonPress = / Flag set vhen
wvolatile uint32_t ul2AFEDieStaRdy = Variable used
wvolatile uinc32 t ucUniquelD = O; A/ Used
volatile uint32 t *pSeriallum; !/ Po r used to a
int main (wvoid)
B{
int 1 = 0;
AD5540 Initialize():
| M3I55_GFIO &3
"Build
Messages
Linking

Total number of erors: 0
Total number of wamings: 0

| 3

Build Debug Llog
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Figure 9. IAR Embedded Workbench
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Compiling and Running Firmware

To compile and run the ADuCM355 firmware, take the
following steps:

1. IntheIAR Embedded Workbench window, navigate to
Project > Rebuild All (see Figure 10).

File Edit View mgjed Simulator Tools Window Help

DO R e | . s
| + - i -

Workspace | (8 Add Group..

ru Impaort File List...

Add Project Connection... Bitasscasaanassanansnia

Files 2017-9019 Analac
a .m Edit Configurations... | (e} 2017-2019 Analog D
& [ Eépp X | Remove Fare is propristary to

L@ B M355_
-8 i common | 1| Create New Project...
DS 3 sas o s e
4 10y |
@ B) Diolib £ Options.. ALT-F7
Bl IntLib.g 1
B UriLib.| Version Control System »Eion:
M startup =
B retergé O Make F7
B stertup B Comeil CTRL-FT
3 Bl syste@@ Rebuild Al
— M Output | & Clean
&  Batch build... F8
C.STAT Static Analysis »
radssqo.h"
J | Stop Build CTRL-Break | Urtlib.h”
| @ Download and Debug CTRL-D
" g [IntLib.h"
> ; |
Debug without Downloading badio.h>
Rur tstring.h>
. - £Initc{wvoid);
Restart Debugger CTRL=SHIFT=R brit (void) ;
Download L3 I[r\:: (wvoid) ;

suttonPress (unsigned in

SFR Setup

pint32_t ucButtonPress
| s CMSIS-Pack Manager hine32_t u32AFEDieStaRd
Open Device Description File L3

i . 8int32_t uclniquelD = O
| .Sm List of Registers... Rint32_t ‘pSeriallum;

16887-010

imk madn feeddl

Figure 10. Project > Rebuild All

2. Click Rebuild All. The IDE begins building the executable
from the source files, which may take a couple of seconds.
The message shown in Figure 11 appears in the Build window
when the build is complete.

Build

Messages

UrtLib.c
Linking

Total number of errors: 0
Total number of warnings: 0

16887-013

Figure 11. Build Output Window

3. To run the firmware on the ADuCM355, ensure that the
EVAL-ADuCM355QSPZ is powered on and the J-Link
debugger is connected to P3 on the EVAL-ADuCM355QSPZ,
then click Download and Debug to load the firmware to
the ADuCM355 and launch the debugger (see Figure 12).
Launching and downloading the debugger can take a few
seconds or more.

16887-011

Figure 12. Launching the Debugger

4. Open a terminal program such as RealTerm to view the
UART data from the ADuCM355 (see Figure 13). The
baud rate is 230,400 bps.

Button 3 pressedlilf
rint Chips Unigque ID number in Hex:(rlF

Unigque ID number in Hex:(RlF

9 84991-'1138:]099?'?4381]:333?3339'FlF

16887-113

Figure 13. UART Data in RealTerm

5.  Figure 14 shows the debug interface. Click the blue arrow
(shown in the red circle) to begin code execution. The UART
prompts the user to press either the S2 or S3 button. The
DS2 LED toggles on and off with each button press.
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355_GPIO - AR Embedded |

File Edit View Project Debug Disassembly Simulator Tools

DO @R LK B OD.C

Window Help
28 Q0825480 [

B A®=06c0%knxrb1 -0 08

o x

Waorkspace
Debug

Files
B @M355_GPIO - Debug

o W app
L@ B M355_GPIO.c
-2 B common
) ad5940.¢
B ClkLib.c
[ DioLib.c
@ B intlib.e
L@ R unlibc
i startup
B retargetc
2 B startup_ADuCM355.c
L@ B system_ADuCM35...
L@ & Output

Fiinee Frun

M355_GPIO.c X
| \mainf)

void ClockInic (void);
void GPIOInic (void):
void UartInic{void):
void TestButtonPress{unsigned int uilium):

volatile uinc32_t ucButtonPress = |
wvolatile uinc32_t u32AFEDieScaRdy = 0:

wvolatile uint32_t ucUniquelD = 0;
volatile uinc32 t ‘pSeriallum;

|int zmain (void)
B
int 1 = 0:

AD5940_Inicialize():
ClockInit():
TUarcInic():
GPIOInit();

printf(“Freas button 52 or 53 to start
while (1}

= |
[[ if (ucButtonPress>0)
=] {

A/ Sends string to UART when IRQO asserted

// Flag set vhen 52 or 53 buttor
/7 Varieble used to load AFEDIESIA

=1
o
o
b}
T
]
5
4]
»
[+

// Used to read off 1éx byte unigue

/f Pointer used to access lo

Test \r\n"); // Start message sent to UART

princf(“Bucton %ld p
ucButtonPreas = 0;
DioTglPin(pADI_GPIOZ2, PIN4)

z\n",

for (im0:icdzis+)

=] {

ucUniquelD = (*(pSeriallium));
‘pSeriallium+;

printf ("%1x",uclniqueIDd) ;

T 1

princs (“\r\n"):

/7 Flash LED

pSeriallium = (volatile uint32 t *)0x40770; // Set pointer to location of unique Part ID aumber
princf ("Print Chips Unique ID nuzber in Hex:\r\n");

// Print 16x bytes to UART
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Figure 14. Debug Interface

RUNNING A GPIO EXAMPLE IN KEIL uVISION

To download the ADuCM355 device family pack for Keil pVision,
visit the Keil website and search for MDK5 software packs. Save
the .pack file to a directory on the PC. Double click the file to

install the pack.

Pack Unzip: AnalogDevices ADuCM3

‘Welcome to Keil Pack Unzip
Release 1/2020

Thiz program installs the Soltware Pack:
AnalogDevices ADuCM3S5_DFP 1.0.3

Analog Devices ADUCM355 Device Support and Examples

Diastination Fold

[E:\U sers\miambe\AppD ata\Locahdrm\Packs\analogD evices\ADUCM355_DFP\VLO3

Feil Pack Unzip

A\ Pack alieady installed.
AU Click "Het™ to replace.

|Nu=¢))| l:amdl

16887-215

Figure 15. ADuCM355 Pack Installer

Follow the on screen instructions to unzip the contents from
the .pack file, and click Finish when complete. Open Keil pVision,
and open the pack installer, as shown in Figure 16.

View  Propect Tash bug  Peripheral  Teods  SVCS Window
@
(5] B8 g~ k| 8| aowcursoy
Books. Ly |

= [l Towls User's Guide
A MOK-ARM Getting Staried (FOF)

e
PoRRR|SEE | @ o gas - e
ME BT vd

@9 e

e MOK-ARM Getting Started [lipaner
@ Releare Notes for MDK 5.25

@ Complete User's Guide Selection

@ Rebease Hotes for ARMCC 50606

@ ARM Compiler Getting Stared Gui
e ARM Compiler v5.06 for ivition (PI
@ ARM Linker v5.06 for yision (POF)
@ ARM Likearies and Fleating Poist S
A ARN Avvembler User Guide v5.06 f¢
@ Using the fremelf Image Comverter
@ Creating Seatic Software Librasies w
LG ARM Compiter Eror and Wamings.
B ARM Migration and Compatiity ©

Figure 16. Opening Pack Installer in Keil uVision

16887-216

On the left side of the pack installer window, click the Devices
tab and select the ADuCM355, as shown in Figure 17. On the
right side of the pack installer window, click the Examples tab
(see Figure 18). All supported example projects for the
ADuCM355 display as shown in Figure 18.
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File Packs Window Help

o | Device: Analog Devices - ADUCM355

Kl  Devices  Boards

Search: - X B
Device /| Summary
£ 3 All Devices 6764 Devices
% @ ABOV Semiconductor |20 Devices
§ @ Active-Semi [17 Devices
% Ambiq Micro |8 Deviees
# ¥ Amiccom |5 Devices
= ¥ Anaslog Devices 15 Devices
#45 ADUCMASO Series |1 Device
% ADUCM32x Series |4 Devices
i % ADUCM36x Series |4 Devices
= 4 ADUCM302« Series |2 Devices
ADuCH3027 | ARM Cortex-M3 26 MHz 32 kB RAM 123 kB ROM
@ ADuCM3029 | ARM Cortex-M3. 26 MHz, 32 kB RAM 256 kB ROM
= 4 ADUCM3SS Series |1 Device
ADuCM355 ARM Cortex-b3. 26 MHz 123 kB ROM
1 CM41x Mued Signal Control Processors | 3 Devices
% APEXMIC |14 Devices

Figure 17. Pack Installer Devices

(3] 7 e Eampies
¥ St exampes from intalied Packs ooy

Example Action Desarpton
M55 _dMGre (VAL -ADUCMESSCEPT) & Copy Example appl 4
MISS_ADC (EVAL-ADuCMISSQSPT) & Copy | Example < for Poling and FIFQ mode
MISS_AfeWiaR (EVAL-ADUCMISASPT) @ Copy | Example demonstrating how b wie the AFE Watchdog Tener
M55 BICIZ_2Wire (PEAL-ADUCMISSCSPT) | Copy Example sgp wire i +
MI5S_CRC (EWAL-ADUCMESICSPT) & Copy Example demonstrating hew to uie the CRC fundtion
M55 DFT (EVAL-ADUCMISSCEPT) 4 Copy | Example demcnitrating how b configurs the DFT enging
MI55_ECSns_Menaors (EVAL-ADuCMISSQSPT) | 4 Copy Examp! 2 EC sensors
M55 ECSns CapaTest (EVAL-ADuCMISSCSP_. @ Copy | Exemple sppl do b ch P
MISS_ECSns Cyclobokammetry (EVAL-ADuC... € Copy Examp g » cyche v
M55 ECSns, DunlWE (EVAL-ADUCMISSCSPZ) @ Copy | Example appl raasee a dual e
355 ECSns, BIS (EVAL-ADuCMISSCSPT) # Copy | Eample app! 9 hope a
M355_ECSns_SingleWE (EVAL-ADWCMISSQSP... @ Copy Examp! 9 # standard § lead EC sensor
M355_EDA (EVAL-ADWCMISSQSPT) & Copy [ ple app! 9 # lom pen pe
M355_Flash (EVAL-ADWCMBSSOSPT) & Copy | Example i info in the flash.
M3SS Flash DM (BUAL-ADUCMISSCSPT) | @ Copy | Example demonstrating beow to uie DMA 1o move data freen RAM te Flach
MI55_GPIO (EVAL-ADWCMBSSOSPT) & Copy | Example i [
MISSHSOACCal (EVAL-ADUCMESSCEPZ) | Copy | Examp 9
M355_2C_Master (EVAL-ADGCMISSCSPT) & Copy | Example i ADUCmEES 0 mast
M355_2C_Stave (EVAL-ADUCMISICSPRT) & Copy | Esample demonstrating hew configure the ADUCm3S4 12C shave mode
M355_mpedance (EVAL-ADUCMISS0SPT) & Copy | Example i do # standaed 2 i
MI55_LPLoop (EVAL-ADUCMISICSRT) @ Copy | Exampl g power patentostat block
MI5S_PW (EVAL-ADWCMISSQSPT) & Copy | Example demonstrating bow to wie the AFE PAM feature
M3S5_Prarhiodes (EAL-ADUCM3SSQSPT) |4 Copy | Example application demcratssting the wasious power modis of the ADUCHZ5S
M35S_RTC (EVAL-ADWCMISSQSPT) & Copy Example demonstrating how to wie the RTC
M55 Radistedimesmunity Derme (EVAL-ADuC.. @ Cepy | Example application for CHDSIS
MISS_SP_Master. (IVAL-ADWCMISSOSPT) |4 Copy | Example ing g DuChESS
M55 SP1_Slave (EVAL-ADwCMISSQSPT) & Copy | Enmple g 5 ADuC
M3 (EVAL-ADWCMIS..| @ Copy | Example sppl a
M35 -ADUCMINSOSPT) | #p Copy [ pl 9 u in the ADUCM3SS
M55 Temperature (VAL-ADGCMISSQSPT) |4 Copy | Example i the inteenal temperature sensor
385 Timars EVAL-ADWCMISSOSPT) & Copy | Eampl gaeeral purpote timart
M35S_Uart_FFO (EVAL-ADUCM3SSTSPT) & Copy Example demonstrating haw to wie the LART
355 Uart_ Walorup (EVAL-ADuCMESSCSPT) | 4 Copy | Demenatrating how the Uset can wakeup the Srice
M35 (EVAL-ADWCMISSOSPT) | @ Copy | Exampl :J

Figure 18. ADuCM355 Examples
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Find the M355_GPIO (EVAL-ADuCM355QSPZ) example, and
then click the Copy button next to the example to copy the
example project into a local directory and launch the project in
Keil pVision. To compile and build the project, click the Rebuild
icon shown in the blue circle in Figure 19. To load the code
onto the ADuCM355, ensure that the EVAL-ADuCM355QSPZ
is powered on and the mIDAS-Link debugger is connected, and
then click the load icon shown in the red circle in Figure 19.

2

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

S o e | of = IE JE M| @ apceea
ADuCM3SS R AR e
!u _] M355_GPIO.c

=4 p,oj Rebuild all t!f-;?‘. files |
S WS ADUCMISS

= app

@ ] M355_GPIO.c

& omsis

€ Device
B ADUCM3SSPort.c (AFE:D
57 retarget.c (Retarget UART
B CikLib.c (Peripheral Libra
BT Crelib.c (Peripheral Libra
5T DioLib.c (Peripheral Libra
] IntLib.c (Pesipheral Librai
® Untlib.c (Peripheral Libra
BT 2d5940.c (AFE:Operation;
21 adi_config.h (Startup)
2 startup_ADuCM355.5 (Stz
i B system_ADuCM3S5.c (St

16887-219

Figure 19. Build and Load Project

Rev. A | Page 12 of 24



http://www.analog.com/ADuCM355?doc=EVAL-ADuCM355QSPZ-UG-1308.pdf
http://www.analog.com/ADuCM355?doc=EVAL-ADuCM355QSPZ-UG-1308.pdf
https://www.analog.com/EVAL-ADuCM355?doc=Eval-ADuCM355QSPZ-UG-1308.pdf

EVAL-ADuCM335QSPZ

UG-1308

APPLICATION EXAMPLES

This section describes how to use the ADuCM355 application
examples that are part of the ADuCM355 software development
kit (SDK). The ADuCM355 is a dual-die device that has a
Cortex-M3 digital die and an analog front-end (AFE) die. The
AFE die and the AD5940 are the same except for some differences
in which pins are bonded out, and both devices share a
common library interface to simplify firmware development.
The main library files in the SDK are AD5940.c and AD5940.h.
All functions in this library are compatible with the
ADuCM355, AD5940, and AD5941. All AFE related function
names begin with AD5940_. Some projects in the SDK have files
labeled AD5940Main.c, which contain the upper controllers that
control the AFE die and are mostly common between the
ADuCM355, AD5940, and AD5941.

The Cyclic Voltammetry Example section outlines how to use
the following example projects:

e  M355_ECSns_CycloVoltammetry
e M355 ECSns_EIS

e  M355_ECSns_CappaTest

e  M355_ECSns_SingleWE

e M355 ECSns DualWE

e M355 AfeWdt

CYCLIC VOLTAMMETRY EXAMPLE

Cyclic voltammetry is a common electrochemical measurement
in which the current on the sense electrode is measured in
response to a ramp like voltage applied on the reference electrode.
Figure 20 shows a typical, stepped differential voltage between
the reference and working electrodes of the sensor where V1 is
the initial voltage on the reference electrode and V2 is the peak
voltage on the reference electrode.

A

V2

VOLTAGE

V4

16887-015

Figure 20. Typical Cyclic Voltammetry Waveform

In the ADuCM355 firmware package, the M355_ECSns_
CycloVoltammetry project demonstrates how to implement a
cyclic voltammetry measurement on the ADuCM355. There are
two main files within the project, AD5940Main.c and Ramp.c.
The AD5940Main.c file contains the upper controllers that
control the high level application parameters. The Ramp.c file

contains the low level device configuration for the cyclic
voltammetry measurement.

Figure 21 shows the AD5940RampStructInit (void) function
defined in the AD5940Main.c file. Modify the main parameters
for the signal such as ramp start voltage, ramp peak voltage,
and ramp duration for this function within this file.

void AD5940RampStructInit (void)
{
AppRAMPCEg_Type ‘pRampCfg:

AppRAMPGetCfq (spRampCig) ;

pRampCfg->bParaChanged = bIRUE;
/% Stepl: configure gensral parmaters i/
pRamplig->SegStarchddr =
pRampCig->MaxSeqlen = x10;
pRampCEfg->RecalVal = 20
pRampCfg->ADCRefVolt
pRampCfg->FifoThresh
pRampCfg->SysClkFreq = 1e000000.0f%;
pRampCfg->LFOSCClkFreq = LFOSCFreq;

Configure Current measure

pRampCfg->LPTIARtiaSel = LPTIARTIA_200R;
pRampCfg->LETIARloadSel = LETIARLOAD_SHORT;

ement channel

/4 Configure ramp signal param
pRamplig->RampStartVolt = =5

pRamplfg->RampPeakVolt =
pRampCfg->VzeroStart = 1
pRampCfg->VzeroPeak = 13
pRampCfg->Stepliumber =

pRampCfg->RampDuration = 1000;
pRampCfg->SampleDelay = 2.0f;

16887-221

Figure 21. Cyclic Voltammetry Parameters

To test the firmware, construct a dummy electrochemical cell

using 1 kQ resistors in a star network (see Figure 22). Connect
each resistor network pin to the CEO, REO, SEO, and DEO pins

on the P5 header. Ensure that the configurations are constructed

as shown in Figure 22.

16887-016

Flgure 22. Resistor Star Network Connected to P5 Header

To begin measuring and gathering data, open a terminal program
such as RealTerm. Configure the baud rate for 230,400 bps.
Compile and build the project in the preferred IDE and load
the code onto the ADuCM355. Run the measurement, and save
the data to a .csv file for processing. If the definition of
OPT_RAMP_MEAS (parameter defined in the Ramp.h file) is
set to 1,the following four measurements are performed:
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e  Current through SEO.

e  Voltage on SEO.

e  Voltage on REO.

e  Current through SE0 measured a second time.

To plot the current response of the test, open the saved .csv file in
Microsoft® Excel. Figure 23 shows the plotted response current.
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Figure 23. Example SEO Channel Current Measurement

EIS EXAMPLE

EIS is a common electrochemical measurement in which an ac
excitation signal is applied to an electrochemical cell. The response
current is measured, and the impedance is calculated.

On the ADuCM355, the EIS measurement is a three-step process.
The response current in each step is measured using a high
speed transimpedance amplifier (TTA).

The EIS measurement process is as follows:

1. Asignalis applied across Rcar.
2. Asignal is applied across Rioap.
3. Asignal is applied across Zsensor + Rroap.

In each step of the measurement processes, the measured current is
input to the discrete Fourier transform (DFT) hardware accelerator
that calculates the complex number of the current measurement
and provides the real and imaginary parts. Rcar is a precision
resistor connected to the ADuCM355 RCALO and RCALL1 pins,
Ruoap is the internal load resistor on the SEO path, and Zsensor is
the impedance under test.

Use the following equation to calculate the actual impedance:
Zsensor = (Zsensor + Rioap)— Zrroan

where:

Zsensor + Rioap is the impedance of Rsensor and Rroap measured
together as a single impedance.

Zrroap is the impedance of Rroab.

Open the M355_ECSns_EIS example project in the preferred
IDE. For the purpose of this initial test, a dummy electrochemical
cell is used. Connect three 1 kQ resistors in a star network, and
connect the star network to the CE0, RE0, and SEO pins on P5
of the EVAL-ADuCM355QSPZ (see Figure 22).

In the AD5940Main.c file, there are several configurable
parameters that are shown in Figure 24. To couple the ac excitation
signal on top of a dc bias, set the SensorCHO.SensorBias parameter.
To apply a frequency sweep, mod1fy the SweepCfg parameters.

pIrpedanceC-q-)Senso*CbO LpTiaRf = I.'-‘ITn.. " _1M;
pImpedanceCfg->SensorCh0.LpTiaRl = LPTIARLOAD_LOR;
pImpedanceCig->SensorCho. Lpt.:.aRnaSel = LPTIARTIA 200R;
pImpedanceCfg->SensorCh0.Vzero = 11

pI'rpedanceC‘q >Ds«:|.\:|:hS=l = S‘HZ} CEO,
plmpedanceCfg->PswitchSel = SWP_REO;
pImpedanceCfg->NswitchSel = SWN_SEOLOAD;
pImpedanceCfg->TswitchSel = SWI_SEOLOAD:

pI:rpedanceC‘g >S'neep~. g. S.-eepE"t bFALSE;
pImpedanceCfg->SweepCig.SweepStart = 1

pImpedanceCfg->SweepCfg.SweepStop =
nITpedanceCfg-)Sweep"‘g SweepPoints =

pI'rpedanceC‘g ->ADCSinc30s
pImpedanceCfg->Dftium = DF‘IN‘LTH_J.;P-I-
plmpedanceCig->DftSrc = DFISRC_SINC3;

£3 -

16887-225

Figure 24. EIS Parameters
To run the impedance measurement, take the following steps:

Launch the debugger in the JAR Embedded Workbench.
Open a terminal program with a 230,400 bps baud rate.
Execute the code.

A prompt to press the S2 switch is sent over the UART and
displays in the terminal. Press S2 to begin the impedance test.
5. When the impedance measurement completes, the results
are sent to the UART (see Figure 25). Save the results in a
Microsoft Excel file for further analysis, if necessary.

B

is ADuCH355

lurxunt 1' >0 S21F

il
RzMag: 994.150338 Ohn 2 B8.0819261
RzMag: 993.996521 Ohm ., Rz

RzMag: 994. 6558 Ohn

994.828447 Ohn
993.997925 Ohm
993.488569 Ohm
994. 22241’ Ohm
29 Ohm
t lJIm

J

16887-019

Figure 25. Impedance Results

CHRONOAMPEROMETRY EXAMPLE

Chronoamperometry is an electrochemical technique in which
the voltage applied to an electrochemical cell is stepped. The
response current on the sense electrode is measured. Figure 26
and Figure 27 show typical chronoamperometric measurement
and sensor responses.
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y EXCITATION WAVEFORM
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Figure 26. Typical Chronoamperometric Voltage Stimulus Waveform

RESPONSE WAVEFORM

URRENT
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Figure 27. Typical Chronoamperometric Current Response Waveform

In the ADuCM355 firmware development package, the M355_
ECSns_CapaTest project implements a chronoamperometric
measurement.

The AD5940Main.c file contains an
AD5940AMPStructInit()function that modifies the main
measurement parameters.

For the following example, only CHO is used and all default
values are used. The resistor star model is connected to P5, as
per the examples described in the Cyclic Voltammetry Example
section and the EIS Example section.

Load the project in the preferred IDE and open a terminal
program. Compile and build the project and load the code onto
the ADuCM355. Start the code execution and save the UART
data to a .csv file for processing.

The example code sends the following three arrays of results to
the UART at a 230,400 bps baud rate:

e  The first set of values includes the current
measurement results for the SEO channel in pA.

e The next set of values includes the voltage
measurement results for the SEO channel in V.

e The final set of values includes the voltage
measurement results for the REO channel in V.
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Figure 28. Output Data Using the M355_ECSns_Capatest Example with
Three 1 kQ Resistors

DC CURRENT EXAMPLE

The dc current is a standard electrochemical measurement.
Depending on the sensor type, a bias voltage is applied between
the reference and sense electrodes. The current output on the
sense electrode is measured.

In the ADuCM355 firmware package, the M355_ECSns_
SingleWE project implements a dc current measurement on
an electrochemical cell connected to CHO. The measurement
parameters can be configured in the AD5940AMPStructInit()
function in the AD5940Main.c file. For testing purposes, connect
the 1 kQ) resistor star network to P5. Set the Vzero firmware
parameter to 1100 mV, and set the SensorBias firmware
parameter to 500 mV to apply a 500 mV bias across the 1 kQ
resistor network. Ensure that the EVAL-ADuCM355QSPZ is
powered on and that the debugger is connected to the PC. Then
open the project in the preferred IDE, and compile and run the
example application. Open a terminal program to view the
results. The output is the current measured through the SEO pin
on P5 of the EVAL-ADuCM355QSPZ (see Figure 29).
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Figure 29. CHO Output
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4-LEAD ELECTROCHEMICAL SENSOR EXAMPLE

Many electrochemical sensors come in 4-lead packages that have a
counter, a reference, and two sensing electrodes. The ADuCM355
supports biasing and measuring of these sensor types.

The M355_ECSns_DualWE example project configures the
low power, potentiostat CHO channel to bias the sensor. The
current flowing to and from the SEO pin is measured via the
low power TIA Channel 0 (TTA0). The current flowing from
the SE1 electrode is measured via the low power TIA Channel 1
(TIAL).

The TIA amplifiers convert the current to a voltage that is
measured via the analog-to-digital converter (ADC), and the
source code calculates the current flowing in each electrode.

The M355_ECSns_DualWE code example project is located in
the examples folder.

Figure 30 shows the configurable parameters located in the
AD5940Main.c file. Modify the value of the correct
LpTiaRtiaSel parameter for each channel based on the
maximum expected current.

Figure 31 shows the connection details between the 4-lead
sensor and the ADuCM355.

pAmpCfg->SensorCh0.LpTiaRf = LPTIARF_1M;
pAmpCfg->SensorCh0.LpTiaRI = LPTIARLOAD_10R;
pAmpCfg->SensorCh0.LptiaRtiaSel = LPTIARTIA_10K;
pAmpCfg->SensorCh0.Vzero = 1110;
pAmpCfg->SensorCh0.SensorBias = 0;

pAmpCfg->SensorCh1 LpTiaRf = LPTIARF_1M:
pAmpCfg->SensorCh1.LpTiaRl = LPTIARLOAD_10R;
pAmpCfg->SensorCh1.LptiaRtiaSel = LPTIARTIA_96K;

Figure 30. Dual Working Electrode Configuration
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Figure 31. Circuit Setup for 4-Lead, Dual Gas Detection Sensor
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CONNECTING AN EXTERNAL GAIN RESISTOR
ACROSS THE HIGH SPEED TIA

The internal high speed TIA has a programmable gain resistor
that allows the user to either configure a high speed current
measurement channel for different input current ranges, or to
connect an external gain resistor instead.

The EVAL-ADuCM355QSPZ supports the connection of an
external transimpedance amplifier resistor (Rria) across the
AINO pin and DEQ pin, which is labeled RTIA on the top side
of the printed circuit board (PCB).

The current flows from the AINO pin into the high speed TTA
inverting input with the HSTIA connected to the DEO pin.

The ADC selects the HPTIA_P and HPTIA_N input channels to
measure the voltage drop across the external Rri resistor (see
Figure 32).

When the user populates the external gain resistor, the gain
resistor can be used instead of the internal gain resistor. Figure 32
shows the external resistor connected to AINO and DEQ. Note
that Rroap_os and Ruras_os are set to 0 €2 so as not to effect the
measurement.

The M355_ExternalRTIA code example project in the examples
folder demonstrates how to set up the high speed TIA for an
external gain resistor.

1.11V REFERENCE

+
T1 HSTIA
) oG » -

AINo | p—OHPTIA_P
N

EXTERNAL g T10

ReAr 3 L OHPTIAN
CAL 9

O)) AAA A

O WA
DEO RioaD_03 Rria2_o3

Figure 32. ADuCM355 External Rria Connection to the High Speed TIA
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AFE DIE WATCHDOG TIMER EXAMPLE

The ADuCM355 supports a watchdog timer on the AFE die.
The watchdog timer clocks via an oscillator that is completely
independent of the clocks in the Cortex-M3 core. Therefore,
the watchdog timer meets the IEC 61508 requirement of an
independent watchdog timer for a microcontroller and eliminates
the need for an external watchdog timer chip.

The M355_AfeWdt code example project in the examples
folder shows how to configure the windowed watchdog mode.

The WDT_INTERRUPT_EN #define parameter configures the
project to generate either a reset or an interrupt.

The project uses a default timeout period of 16 sec. A minimum
waiting period of 4 sec is required before a watchdog refresh is
allowed. Refreshing the watchdog within 4 sec causes a reset or
interrupt to occur depending on the setting of Bit 1 of the
WDTCON register. If the timeout period elapses, a reset or
interrupt also occurs. To avoid a reset or interrupt generation,
refresh the watchdog timer within the minimum period of 4 sec
and the timeout period of 16 sec.

The watchdog timer refresh is triggered when the ASCII
Character 1 is sent from the PC.
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ADUCM355 SYSTEM CALIBRATION

Because of the complexity of the ADuCM355 and the large
number of voltage and current measurement channels on the
device, many calibration routines are implemented to ensure a
high level of measurement accuracy. This section describes the
main calibration functions with links to further online
information.

HIGH SPEED TIA GAIN RESISTOR CALIBRATION

The high speed TIA has three different programmable gain
resistor options.

Adjust the gain resistors to convert the current from the SEO, SE1,
and DEQ inputs or from the DEI input to a differential voltage
across the R, resistor, Rz o3 resistor, or Rriaz_os resistor.

The Rriaz, Rr1az_03, and Rriaz_os resistors have an initial accuracy
range and vary with temperature, as specified in the ADuCM355
data sheet where Rriaz is the HPTIA Rria gain resistor on the
SEO and SE1 inputs, and Rria o2 and R os correspond to the
HPTIA R gain on the DEO and DE1 inputs.

If the high speed TIA is uncalibrated for the selected gain resistor
and the ADC programmable gain amplifier (PGA) setting, an error
is present when measuring an absolute input current.

To generate a precision calibration current, use the high speed
DAC to create a differential voltage across an external precision
Reaw resistor that is connected to the ADuCM355 RCALO pin
and RCALL1 pin. The precision calibration current can be
routed through any of the three high speed TIA gain resistors.

Because the calibration current value is known and the ADC
can measure the voltage drop across the R, Rraz 03, and Rz os
resistors, the exact Rria resistor value can be determined.

Figure 33 to Figure 35 show the setup and switch settings that
connect the high speed DAC output to the external Reat
resistor so that the current flows into the high speed TIA and
Rrraz, Rr1az_03, and Rraz o5 gain resistors, respectively.

The AD5940.c file has a function that calibrates each gain
resistor for the HSTIA. For further details on how to use this
function, visit https://wiki.analog.com/resources/eval/user-
guides/eval-ad5940/calibration_routines/hstia_cal?doc=EVAL-
ADuCM355QSPZ-UG-1308.PDF.
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Figure 33. High Speed DAC, High Speed TIA, and Switch Matrix Settings for Rnia2 Calibration
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Figure 34. High Speed DAC, High Speed TIA, and Switch Matrix Settings for Rriaz o3 Calibration
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Figure 35. High Speed DAC, High Speed TIA, and Switch Matrix Settings for Rriaz_os Calibration
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LOW POWER TIAO/TIA1 GAIN RESISTOR
CALIBRATION

The ADuCM355 contains two independent, low power
TIA channels.

Each TIA has an independent, programmable gain resistor to
scale the input current from the SEO pin and the SE1 pin to a
voltage that the ADC can measure.

Figure 36 shows the gain resistor for the low power TIAQ. A
similar diagram is valid to use for the low power TIA1.

Similar to the example described in the High Speed TIA Gain
Resistor Calibration section, adjust the gain resistor to convert
the current from the SEO input pin and the SEI input pin to a
differential voltage across the Rria resistors.

These resistors have an initial accuracy range and vary with
temperature, as specified in the ADuCM355 data sheet.

When these resistors are uncalibrated, an error is present when
measuring an absolute input current.

To generate a precision calibration current, use the low power
DAC to create a differential voltage across an external precision

Rear resistor that is connected to the ADuCM355 RCALO pin
and RCALL1 pin. The precision calibration current is routed
through either the low power TIAO gain resistor or the low
power TIA1 gain resistor.

Because the calibration current value is known and the ADC
can measure the voltage drop across each Rria resistor, the exact
Rria resistor value can be determined.

Figure 37 and Figure 38 show the setup and switch settings
used to connect the low power DAC outputs to the external
Rear resistor so that the current flows into the LPTIAx gain
resistors, LPRTIAx.

Several example projects in the ADuCM355 SDK implement a
function to calibrate the gain resistor. For further details on
how to use this function, visit
https://wiki.analog.com/resources/eval/user-guides/eval-
ad5940/calibration_routines/lptia_cal?doc=EVAL-
ADuCM355QSPZ-UG-1308.PDF.
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Figure 36. LPTIAO Gain Calibration Resistor

Rev. A | Page 20 of 24



http://www.analog.com/ADuCM355?doc=EVAL-ADuCM355QSPZ-UG-1308.pdf
http://www.analog.com/ADuCM355?doc=EVAL-ADuCM355QSPZ-UG-1308.pdf
http://www.analog.com/ADuCM355?doc=EVAL-ADuCM355QSPZ-UG-1308.pdf
http://www.analog.com/ADuCM355?doc=EVAL-ADuCM355QSPZ-UG-1308.pdf
https://wiki.analog.com/resources/eval/user-guides/eval-ad5940/calibration_routines/lptia_cal?doc=EVAL-ADuCM355QSPZ-UG-1308.PDF
https://wiki.analog.com/resources/eval/user-guides/eval-ad5940/calibration_routines/lptia_cal?doc=EVAL-ADuCM355QSPZ-UG-1308.PDF
https://wiki.analog.com/resources/eval/user-guides/eval-ad5940/calibration_routines/lptia_cal?doc=EVAL-ADuCM355QSPZ-UG-1308.PDF
https://www.analog.com/EVAL-ADuCM355?doc=Eval-ADuCM355QSPZ-UG-1308.pdf

EVAL-ADuCM335QSPZ

UG-1308

VBIAS0O VZEROO
) )

SW12 SW13
VZEROO

S LPDACO

VBIASO

RCAL1
—C
VZEROO
EXTERNAL ¢
VBIASO Reat 3 ON_NODE
P_NODE O0—|
b PRO N_NODE O—j
L_¢ P_NODE
RCALO -
CALIBRATION
CURRENT
SEO
O—s LPTIA0_P O—
D7 LPTIAO_N 0—|
+ SW5
LPTIAO>—e—o0—0—
RLoaD

YV OLPTIAO0_P
LPRTIA0

L———OLPTIAO_N

Figure 37. High Speed TIA, Low Power TIAO, and Switch Matrix Settings for LPRTIAO Resistor Calibration
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Figure 38. High Speed TIA, Low Power TIAO, and Switch Matrix Settings for LPRTIA1 Resistor Calibration
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MASS ERASING A DEVICE NOT RESPONDING TO SWD COMMANDS

The SWD debug tools can only communicate with the To mass erase the user flash, take the following steps:

microcontroller when the device is in active mode. 1. Hold the S3 button down to place the device in boot mode.

While holding the S3 button down, press and release the

reset button (S1) to lock the device in a loop in the kernel

space so that the device does not execute user code.

3. Inthe JAR Embedded Workbench, navigate to Project >
Download > Erase memory (see Figure 39).

4. The window shown in Figure 40 opens. Click OK.

Similarly, watchdog or software resets that occur when a debug 2.
session starts cause the debug session to end with errors.

To recover a device that is locked in this way, mass erase the
user flash.

Hle kdit View [Project] lools Window Help

LE-2=N- Add Files... [P S (2D
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B AfeAdel Add Existing Project.. delay(0xA555555) 5
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Version Control System P | smize (1)
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@ .
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Clean
& [0 Startup delay(10000);
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& 1 Outpy . i
— B adi_t C-STAT Static Analysis e if (iADCTestInProgress == 1)
— R ADud -
Stop Build CTRL +Break =0
— B ADud p Bui 1MDCTestInProgress = 0
- SendStringhvez()
P %g:g Download and Debug CTRL+D )
F— B ADud Debug without Downloading if (ucButtonPress == 1}
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Figure 39. IAR Embedded Workbench Erase Flash Memory Option
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Figure 40. Erase All Flash Memory

Rev. A | Page 22 of 24


https://www.iar.com/iar-embedded-workbench/?doc=Eval-ADuCM355QSPZ-UG-1308.pdf
https://www.analog.com/EVAL-ADuCM355?doc=Eval-ADuCM355QSPZ-UG-1308.pdf

EVAL-ADuCM335QSPZ

UG-1308

ORDERING INFORMATION

To view the complete EVAL-ADuCM355QSPZ schematic, visit https://www.analog.com/media/en/technical-documentation/evaluation-
documentation/EVAL-ADuCM355-RevBSchematic.pdf.

To view the PCB layout, visit https://www.analog.com/media/en/technical-documentation/evaluation-documentation/EVAL-
ADuCM355-EvalBrd_Layout.pdf.

BILL OF MATERIALS
Table 2.
Name Value Part Description Manufacturer Part No.
AVDD, DVDD 25.195.0253.0 Connector PCB terminal block 3.5 mm Wieland Electric 25.195.0253.0
GMBH
C1,C2,C14, 0.1 pF Ceramic capacitor, X7R Waurth Elektronik 8.85012E+11
(C34,C35,C36
C9to C12,C17 0.1 pF Ceramic capacitor, X5R, ultrabroadband American Technical | 545L104KT10C
to C21,C28, Ceramics
29
13 220 pF Ceramic capacitor, X7R Kemet C0402C221J5RACTU
C23,C2510 0.47 pF Ceramic capacitor, X5R, 0402 Taiyo Yuden LMK105BJ474KV-F
C27,C30,C31
24 4.7 uF Ceramic capacitor, X6S, general-purpose Murata GRM185C81A475KET1D
(C32,C33 7 pF Ceramic capacitor NPO (COG), high frequency, high-Q | Murata GJM1555C1H7R0OCBO1D
C37to C41, 0.1 yF Ceramic chip capacitor, X8R TDK C1608X8R1E104K080AA
C47,C49,C53
to C55
C42,C46,C48, 10 uF Tanceram® chip capacitor, X5R, low equivalent series | Johanson 250R18X106KV4E
C52,C57 resistance (ESR) Dielectrics
C43to C45 1 uF Ceramic capacitor, Y5V Yageo CC0603ZRY5V6BB105
CHO, CH1 CO-A4 4-lead electrochemical sensor socket Alphasense CO-A4
C_LPFO,C_LPF1 | 4.7 pF Ceramic capacitor, 0805, X5R Taiyo Yuden EMK212BJ475KG-T
DS1 SML-310MTT86 LED, green surface mount ROHM SML-310MTT86
DS2 LNJ926WS8CRA LED, blue surface mount Panasonic LNJ926WS8CRA
E1,E2 80 Q at 100 MHz Ferrite bead, 0.1 Q maximum dc resistance, 1 A Murata BLM41PF800SN1L
Manufacturing
E3, E4 60 Q at 100 MHz Inductor chip ferrite, 0.02 Q dc resistance, 3.5 A Murata BLM21PG600SN1D
JP4,JP5,)P7to | O Resistance jumper Panasonic ERJ-6GEYOROOV
JP20
JP25 to JP36, M20-9990245 Connector PCB, straight male jumper, 2-position, Harwin M20-9990245
JP38to JP46 M020779
JP6 0 Use existing E004447 Panasonic ERJ-3GSYJO0.0
P1 TSW-110-08-G-S Connector PCB, straight header 10-position Samtec TSW-110-08-G-S
P14, P26 TSW-101-07-G-D Connector PCB, dual straight header, 2-position Samtec TSW-101-07-G-D
P2 TSW-120-07-S-S Connector PCB, 20-position, unshrouded male Samtec TSW-120-07-S-S
header, 0.64 mm square post, 2.5 4 mm pitch, 5.84
mm post height, 2.54 mm solder tail
P27 TSW-104-25-F-D- Connector PCB header, 2.54 mm square post, dual Samtec TSW-104-25-F-D-RA
RA row, right angle
P3 2520-6002-UB Connector PCB header, straight male, 20-position 3M 2520-6002UB
P4 47346-0001 Connector PCB microUSB receptacle Molex 47346-0001
P5 IPS1-109-01-L-D Connector PCB, 18-position, female header, Samtec IPS1-109-01-L-D
shrouded dual row, straight, 2.54 mm solder tail, 2.54
mm pitch
Q1,Q2 MMBFJ177 Precision channel junction field effect transistor Fairchild MMBFJ177
(JFET) switch Semiconductor
R1,R2 150kQ Precision thick film chip resistor, RO603 Panasonic ERJ-3EKF1503V
R10,R17 560 Q Thick film chip resistor Multicomp (SPC) MC0063W06031560R
R14 0Q Thick film chip resistor Multicomp (SPC) MC00625W040210R
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Name Value Part Description Manufacturer Part No.

R15,R16 100 kQ General-purpose chip resistor Yageo RC0603JR-07100KL

R3, R4 100 kQ Precision thick film chip resistor Panasonic ERJ-6ENF1003V

R5, R6, R7 1kQ Precision thick film chip resistor Panasonic ERJ-6ENF1001V

R8, R9 220 Thick film chip resistor Vishay CRCWO08052R20FKEAHP

RCAL 200Q Precision, ultrathin film chip resistor Susumu Co, LTD RG1608N-201-W-T1

$1,52,S3 B3S-1000 Surface-mount mechanical key switch OMRON B351000

TP3,TP4 31022-00-21-00- Connector PCB pin receptacle Mill-Max 3102-2-00-21-00-00-08-0
00-08-0

u1 ADUCM355BCCZ IC precision, analog and electrochemical sensor Analog Devices, Inc. | ADUCM355BCCZ

microcontroller

U2 FT232RQ IC USB serial UART FTDI Chip FT232RQ

U3 ADP7158ACPZ-3.3- | IC, 2 A, ultralow noise, high power supply rejection Analog Devices ADP7158ACPZ-3.3-R7
R7 ratio (PSRR), RF linear regulator, 3.3 V Vour

U4 ADT7420UCPZ-RL7 | IC, 16-bit, digital ’C temperature sensor Analog Devices ADT7420UCPZ-RL7

Y1 32MHz IC, crystal, ultramini size, low profile, 8 pF Epson Toyocom FA-128,32MHZ, 10PPM,

8PF

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

ESD Caution
\ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
m 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.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and conditions set
forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation Board until you have
read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”) and Analog Devices, Inc. (“ADI"),
with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to Customer a free, limited, personal, temporary,
non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and agrees that the Evaluation Board is provided for the sole
and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted is expressly made subject to the following additional limitations:
Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third Party to access the Evaluation Board. As used herein, the term “Third Party”
includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is NOT sold to Customer; all rights not expressly granted herein, including ownership of the
Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all be considered the confidential and proprietary information of ADI. Customer may not disclose or
transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the
Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any
modifications or alterations it makes to the Evaluation Board, including but not limited to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation
Board must comply with applicable law, including but not limited to the RoHS Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees
to return to ADI the Evaluation Board at that time. LIMITATION OF LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF
ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE EVALUATION BOARD
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL
ADI AND [TS LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER'S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING BUT
NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE HUNDRED US DOLLARS
($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States federal laws and regulations
relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts (excluding conflict of law rules). Any
legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits to the personal jurisdiction and venue of such
courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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