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Program License Agreement

Do not use the software package until you have read the license agreement. If you use the
program, NuVant Systems will assume that you have adogeeahd as such are, bound

by this standard agreement. If you do not accept the terms of this license, you must return
the package unused to the party from whom you receivddhét.program contained in

this package is provided to the end user as a sprglgram for use on a single machine

and not for distribution to other machines or parties.

Safety

It is required that this equipment and software be operated and maintained only by trained
and qualified persons familiar with fuel cell technology aaf@ $aboratory practices. All

users should have adequate training and knowledge of the hazards associated with the use
of pressurized flammable gases and all applicable laboratory techniques before operation
of this equipment.
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EZstat Basic Unit Specifications
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Cell Control
Compliance Voltage 25V
Max Output Current 1A
Rise Time 45 us for 1 Ohm load (0%-100% signal)
Slew Rate 0.2 Vlus
Bandwidth 8 kHz (-3 dB, 1 Ohm load)
Applied DC Potential Ranges 1(x2V)
Best Potential Resolution 7mVv
Applied Potential Accuracy average **% of setting; **% of FSR
Current Autoranging no

Applied DC Current Ranges
Best Current Resolution
Applied Current Accuracy
Maximum Update Rate

Potential Measurement

4 (x1uAto £1 A)
350 nA on the +/-100 uA range
average **% of setting; **% of FSR
100 ms

Measured DC Potential Ranges
Resolution
Accuracy

Current Measurement

2 (x50 mV, £10 V)
1.2mV (0.06% of FSR)
average 0.3% of reading; 0.69% of FSR

Measured Current Ranges

Best Resolution

Accuracy
Data Acquisition

GalvanoSTAT: 4 (+1uA to £1A);
PotentioSTAT: 4 (£10nA to = 1A)
GalvanoSTAT: 60nA (0.03% of FSR);
PotentioSTAT: 2.4nA (0.0012% of FSR)

GalvanoSTAT: average ***% of reading; 0.09% of FSR:
PotentioSTAT: average ***% of reading; ****% of FSR

Acquisition Time
Acquisition Speed
DAC Resolution

100 us
40000 samples/second
14 bits
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EZstat Pro Unit Specifications
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Cell Control
Compliance Voltage 25V
Max Output Current 1A
Rise Time 45 us for 1 Ohm load (0%-100% signal)
Slew Rate 0.2 Vlus
Bandwidth 8 kHz (-3 dB, 1 Ohm load)
Applied DC Potential Ranges 1(x10V)
Best Potential Resolution 3.1mv
Applied Potential Accuracy average 0.4% of setting; 0.01% of FSR
Current Autoranging yes
Applied DC Current Ranges 4 (1 uAto £1 A)
Best Current Resolution 3 nA on the +/-100 uA range
Applied Current Accuracy average 0.3% of setting; 0.08% of FSR
Maximum Update Rate 2 us
Potential Measurement
Measured DC Potential Ranges 2 (#50 mV, 10 V)
Resolution 32uV (0.03% of FSR)
Accuracy average 0.3% of reading; 0.0015% of FSR

Current Measurement

GalvanoSTAT: 4 (+1uA to £1A);

Measured Current Ranges PotentioSTAT: 4 (£10nA to £ 1A)
GalvanoSTAT: 10nA (0.005% of FSR);
Best Resolution PotentioSTAT: 32pA (0.0016% of FSR)

GalvanoSTAT: average 0.4% of reading; 0.09% of FSF
Accuracy PotentioSTAT: average 0.3% of reading; 0.15% of FSk

Data Acquisition

Acquisition Time 4 us
Acquisition Speed 250000 samples/second
DAC Resolution 16 bits
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SAFETY

General

It is required thathe EZstat equipmentand software be operated and maintained
only by trained and qualified persons familiar welectrochemistryand safe laboratory
practices. All users must have adequate trgiaind knowledge of the hazards associated
with compressed flammable gasesids, carcinogens and basexl all applicable lab
techniques before operating this equipment. Aforementioned are responsibility of the end
user of this equipment.

The equipmentrad software described in this manual are supplied in safe condition.
To avoid injury to an operator, safety precautions given below, and throughout this
manual, must be strictly adhered to whenever the equipment is operated, serviced or
repaired. This eqpment is designed for the sole purpose of electronic measurements on
an operating electrochemical cell and should not be used for any other purpose. NuVant
Systems, Inc. accepts no responsibility for accidents or damage resulting from any failure
to complywith these precautions.

Material Safety Data Sheets

It is strongly recommended that all applicable materials safety data sheets (MSDS) be
read and understood for the protection of the operator. It is recommendedu¢hat d
caution be used during all testing procedures. It is suggested that a lab structure be used
that is not only safe but complies with the regulations of Occupational Safety and Health
Administration (OSHA) for compressed gases and flammable materials.

Computer Control and System Safety

Precautions should be taken to ensure sustaineatmpenf the PC controlling the
EZstat. A failure of the PC or a crash in the software for any reason may leave the load
in an O6O0ONO® buthaumagdamagetiEldstate d st at e t

Grounding

For the safety of the equipment and the operatorE#sat must be connected by
means of a protective conductor to earth ground. Under no circumstances should the
ground be bypassed. It is advisablé tmunplug the instrument when not in use. This
protection must not be disabled by the use oftanductor extension cord or adapter, or
any other type of connection that does not maintain earth ground continuity.

ESD Protection

Electrostatic DischargéESD) can cause immediate or latent damage to electronic
circuits. NuVant products are adequately protected against ESD for their intended use.
However, it is possible to damage the product by delivering electrostatiadjesshwhen
touching, moving the product, or connecting leads. It is advisable to ground and
discharge yourself before touching thweside electronics on thiproduct. It is also
advisable to ground and discharge any leads andetbetrochemicalcell before
connecting it to th&Zstat.
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AC Supply Voltage

Before first connecting the power supply to the equipment, make sure that the line
voltage is nominally 120 volts. Never operate the equipment from a line voltage or
frequency in excess of dh specifiedvoltage The equipment may be damaged by the
application of incorrect line voltage. Voltage and current conditions inside that
equipment described in this manual are sufficient to cause injury and possible death.
Only qualified technicians shid be permitted to remove the cover or attempt repairs.

Avoid Using Unsafe Equipment
The equipment may be unsafe for operation if any of the following are true:
1 Visible damage is seen on the equipment
1 Equipment has failed to perform properly
1 Equipment las been subjected to prolonged storage uadeabnormal
environment
If there are any doubts to the serviceability of the equipment, do not use it. Get it
thoroughly checked out by a qualified service technician.

Live Conductors

The opening of covers oremoval of parts of this equipment could expose live
conductors. The equipment must be disconnected from all power and signal sources prior
to the onset of any adjustment, replacement, maintenance, or repair. Only qualified
personnel must do adjustments,imb@nance or repair.

9
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HARDWARE INSTALLATION

Description of Controls and Connections
This section provides a general description of the controls andindicof the panels
on theEZstat

EZstat Front Panel
The following are the parts on the front panel of Bxstatas shown in the diagram
below.

~

Figure 1 EZstat Front Panel

1. Counter, Working , Ground, and Reference ElectrodeContactsi The system works
by allowing current flow between the counter (Red) and working (Blalek}trodes at
either a fixed current or control potentisWhenunder potatial control theapplied

potential is measurdaetween the working and the reference (WletegtrodesThe

ground is present in case the user wdillel to install a faraday cag#is is suggested
when attempting to analyze systems with very smatkeais (<S0pA).Thereference

lead may be connected to an internal reference electrode if so desired. If no reference
electrodes used it is suggested thabé connected to the counter electrbaial

2. Power Switch i This switch is used to tuthe EZstat systemon or oft
3. Cell Enable Switchi Places theest devican series with th@otential follower board
Also acts as a safety featuwenerein thedeviceis isolated from theurrent flowwhen

the swich is in the off position (potential will still be measured, but not controlled)

4. External Input i A BNC connector allows the systemitderface withan external
potential controkignal

5. Electrode Connectori Attach electrode cable assembdythis connector.

10
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EZstat Rear Panel

Figure 2 EZstat Back Panel

1. AC Power Inputi The Eztatis supplied with a external tansformerunit consisting
of a power input socket and filtdor connection to 120V ac, 580 Hz.Within this unit
there is also a.25 Amp Fuselt is recommended that tiwer supplybe kept at least 1
foot away from the EZstat todace thesignalnoisefrom thepower supply.

2. Data Communication Porti The data acquisition[AQ) port allows the EZstat to
communicate with aomputer using standard USB cable

3. Digital Analog 1/0O Connectionsi This featureprovides the user witthe ability to
attach peripheral equipment to the EZstat Control is accomplishedusing the
EZstat/Labview operating platforwithout the addition of other DAQards If you
would like assitance usingthese Input/Output connectionplease contact NuVant
Systemdor additional informationFrom left to right: Pin 1 isAnalog output (AO1)Pin

2 is Analog input (AI5); Pin 3 is Digital Input/Output P1.9; Pin 4 is Digital
Input/Output P1.7) Pins5~8 are unused.

4. External Transformer 1 The transformer box is used to change the 120 Vi€
voltage to£20V DC needed for the E&tat.

11
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SOFTWARE INSTALLATION AND OPERATION

Software Installation:

The EZware installation DVD includes EZware software and NI-DAQmx driver and
LabVIEW Runtime EngineUsersare urged to read the following instructions before
installing the software and hardware to your computer

1. Install NIDAQmx following the DAQmxinstall instructionsRestarthe
computer after installatiols complete

2. If the temperature controller option is included, a U85 convertera serial
communication portand NtSerial disanaybe provided.Install the serial port
(if necessary)making certain that the PC is off and disconnected from the line
voltage before proceedingestart the computer and install the3drial software
by using the disc provided withe EZstasoftware.Connect the computer to the
temperature controller port using this converter and the serial cable. Follow these
steps to check serial port settings:

a. ExpandDevices and Interfaces Serial & Parallel in the configuration tree in
the left panel of MeasuremefitAutomation Explorer window.
b. Click COM3 (or serial communication port providgadnd selecPort Settings
tab, set the settings as follow:
i. Baudraté 19200
ii. Data bitsi 8
iii.  Parityl None
iv.  Stop bitsi 1
v.  Flow controli None

In Advancedtab, choos@ Wire Auto for Transceiver Mode

3. InstallEZwaresoftwareby running the setup.eXer EZware Installer.exeh the
EZwareinstaller folder

a. Connectthe EZstatto your computer anfibllow the popup windows to
install additional USM communication drivers directly from the
instrument.

4. Install the LabviewRuntimeEngine2009by clicking setup in the Labview
runtime engine folder on the EZwe&d¥/D. Restart your computer.

NuVant Systems Inn conducts periodic upgrades of our instruments and their software to
ensure that our products are working at the highest efficiency. Therefore, please take a
moment to review the attached link and certify that you have our current version of the
EZstat sftware.The download process simpleand should only take a few minutes.
Please follow the steps below:

12
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1 Go to the websitattp://www.nuvant.com/products/ezstat.html

T Scroll down doo0 tdhec thiDown!l o a

T Click on the Ilink | abeled AEZst at Sof t war
1

You will then be prompted to enter a username and password
0 Username: nuvant
o Passwordavailable for existing customers via email
Please uninstadll previousversiors of EZware before instafig thelatest
version
Important information contained in the EZWakata diectory folder will be lost when
the softwares updatedfeinstalled. Back up any data as necessary before proceeding.

The NEDAQmXx driver and LabVIEW Runtime Engimeay alsdbe dowroaded fromthe
National Instrumerstwebsitewww.ni.com or through the following sites:

LabVIEW RuntimeEngine: http://joule.ni.com/nidu/cds/view/p/id/1383/lang/en
NI-DAQmx Driver: http://joule.ni.com/nidwds/view/p/id/1614/lang/en

Starting the Control and Data Acquisition Software:

Note: It is recommended that you disable any screen saver when the control and data
acquisition software is runninghis will makeit is possible to monitor the systeamd

ensure propeinstrument functionalityn the initial stage®f testing Make certain the

EZstat USB cable is conneed to the PC before starting theEZware software. If the
software is staed before connectinghe EZstatto the PC, errors mayoccur when
running the program. In thisccurs exitand restarthe EZwaresoftware.

1.1.1.Start Screen

1. Go to Staiy, All Program#\, EZware” EZwareto run theEZwaresoftware A
smallscreen will appear that contains the last recipe *.txt file (@edhown in
Figure 3) Always leave this screen open and running when operatirigastat
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- EZSTAT Start Screen -- DevZ -- Version: 2.1.10.422 [2 ][5 |[]

;

NuWant Systems Inc.

Recipe File Mame

C:'\Documents and Settings\AdministratorDesktopTest 2. txt

Run EZstat
Choose Device

Edit Recipe Dev2 - Simulated PCI-6229 w

tow Recpe

IV Curve
A MuVant EZstat must be connected, and
powered before dick RUN EZstat.

Figure 3 EZstat Start Screen
2. Recipe filesmay be loaded from the Start Scrdmnclicking on the folder symbol
next to theRecipe File Nameentry field.

3. TheChoose Deviceselectionbox will automatically list the available National
Instruments devicecurrently installed on the computer. CholN$&JSB-6221
(OEM) for EZstatPro andUSB-6009 for EZstaBasic.If EZware is started
before the EZstas powered and connectdateuser can clickhe Check Device
button to update the device ligthe softwareeancontrol up to F=Zstat
instrumentasingasingle PC.

4. |If Temperature Controller optiaa availableuserswill needto choose a
communicationport from theTC Com Port selectionbox (as shown in the
Figure4).

14
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EZSTAT Basic Start Screen -- Dev5 -- V. 2.1.10.604 [= |[0] ]

asiC

NuVant Systems Inc.

Recipe File Mame

C:'\Program Files\EZWare Basic\data'ramp. bt
Run EZstat Choose Device
Dew5 - LISB-6009 w
Edit Recipe
Chedk Device
AL TC Com Port
% CcoM3
IV Curve o =
. A MuVant EZstat Basic must be connected,
Quit and powered before dick RUN EZstat.

Figure 4 Choose a COM port for Temperature Controllers

5. TheRUN EZstat button initiates control of the instrument usthg recipe file
listed in the window

6. TheEDIT RECIP E buttonwill allow the user to view and edit the recipe file
listed in the window. The recipe editor screen will appear for this purpdse.
NEW RECIPE buttonallows the useto create a new recipe fikghich will be
loading into the window. This recipe must be opened using the recipe editor and
adjusted as necessary.

7. ThelV Curve button will openawindow where usersan view and analyze
previously collected data

8. TheQUIT button cbses all other running scressand exis the EZwaresoftware

1.1.2.Recipe Editor

Clicking theEDIT RECIPEOonN the start screemill open theRecipe Editor Window
(as shown inFigure 5). This interface allows the user to manipulate specific

15
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parameters of a recipe file; the interface does not provide any direct control of the
instrument. Some relevant features of the recipe editor are described as follows:

- EISTAT Recipe Editor

File Procedure Help

[0 o] )2 s ]

NuWant Systems Ine.

Procedures | Recipe Table | Range Selection | Awc Control | Auwe TC/MFC VorIvs. tGraph

Signal Type Set/Final
Control Type (Ramp/Soak) Potential (V)

Voltage |+ Soakat v | (0.1 Electrode Standby

Cell Disable After Procedure

Area (m32) |° Potential (v) | 21
Loggi N
Dougrglil:ijogn ) Current Redpe Total Mumber of
o1 Step Number Redpe Steps
Loop Total Duration of Current Step Total Redpe Duration
Loop To Step# % Loop Rpts, Enabled Hours  Minutes Seconds Hours  Minutes Seconds
0 0 O 1] 1] 10 1] 1] 10.1

Berfarm CLrrmt Trkerr it I Time | ]
Fermorm Currunt Interrupt Ll e {us) U

Step Description

Recipe Step Table

Step #| Step Duration| Ramp/Soak | Control | Potential (V)| Ramp | Ramp Stari] Ramp Scan Logging Loop From #| To #| Reps | Comments A
(H:M:5) Type JCurrent(a)| From | Point Step Size | Rate (V/=)| Duration (5)| Enabled
|1 00:00:10 Soak at volt 1E-1 - — - — 1E-1 - - - -
2 00:00:0.02 | Scan vaolt 1E+0 Eref. | 0E+0 1E-3 1E+2 -- fes 2 2 5
v
£ >
Redpe File % E:\EZSTAT PowerSTAT with MFC TC option'Recipe Filesramp. txt Current Step Mumber 1

Figure 5 Recipe Editor Window

1. Different recipe filescan be loaded by clicking dfile->Open menu.

2. The entire recipe is displayed Recipe Step Table The arrent step in the
recipetable is highlighted wit ablue border. Only this step is edited. Users can
enterexperimental parameter valukes the selected step in the specified fields at
the top of the screen

3. To move between steps,users can use buttons inmenu bar

@ to choose the step that needb¢cedited:
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-- The Go To Prev Stepbutton will move the blue bordéighlight up to the
previous step and set it to thee current selected step.

-- The Go To Next Stepbutton will move the blue bordérighlight down to
the next step and set it to be current selected step.

-- The Go To Step #button will createa windowaskingusers to entethe
desired recipe step to ediressing th©K buttoncloses this window andhe
blue bordeiighlight will be moved to the desired step.

k. Editing Step r3.vi

Enter desired Recipe Step ko Edit, |1

-- TheDelete This Stepoutton will removethe current selected step.

-- Thelnsert New Stepbutton will copy the current selected step and insert it
at curent position.

Control Type

4. ==t *IThe Control Type field specifies the control type of EZstatsers
may choose to control either Voltage or Current.

Signal Twpe
(Ramp/30ak)

Soak at v

5. The Signal Typeselection field allows the user to specify the
operation performeduring the step. The list of operations inclu8eak Ramp
OCV, CV Scan Potential StepPulse VoltammetryandPolarization Resistance
(in potentiostatt mode). Note: CV Scan Potential StepPulse Voltammetryand
Polarization Resistanaperationsare notsupportedy theEZstat BasicRamp
andSoakoperationgin galvanostat mode)controlthe potentiabr current
output type A maximumof onemillion points can becquiredn CV Scan
Potential StepPulse VoltammetryandPolarization Resistanagerations

17
NuVant Systems Inc. Release 1.0




Q NuVant Systems Inc.

Advanced Fuel Cell Technology

EZstat Operating Manual

a.Soakat
Signal Type SetjFinal
Contral Type {Famp/Snak) Patential (41
Voltage  w Soakat W 0 nErl:;:t(rcorgg)
Logging

Current Recipe

Duration(s) Step Mumber

2

Laop Total Duration of Current Step
Loop To Step#  # Loop Rpts.  Enabled Hours  Minutes  Seconds
1 o [l o o in

Background
Patential (v) | 02

Total Nurmber of
Recipe Steps

Total Recipe Duration

Hours Minutes  Seconds
a 7 5

Soakat means holding the potential or current at the set valGeitftinal

Set/Final
Patential ()

0.2

Potential (V or A) field,
Total Duration of Current Step

Seconds
0,401

Hours Minukes

Duration of Current Stepfield ° f

. TheLogging

, for a time period specified ifotal

Duration(s) field specifies the data logging duration, the minimum value of

Logaing
Durationis)

logging duration is 0.1 seconidogging Duration(s) &
soak and OC\steps.

b. Ramp to
Signal Type Set/Final
Control Type (Ramp,Soak) Patential (V) Rarmnp From
Voltage % Rampto % 0.1 Eref. (% Electrode
Area {cm2)
()  ScanRate (V/s) Inital Ramp s -y
Step Size can Ra =)  Potental urrent Recipe
el () Step Mumber
0.001 0.01 1]
Loop Reverse Total Duration of Current Step
Loop To Step#  # Loop Rpts. Enabled Ramp Step OK? Hours Minutes  Seconds
2 5 = 0 0 0.1

only applies to

Cell Disable After Procedure []
Standby
Potential (V) 0.1

Total Mumber of
Recipe Steps

Total Recdpe Duration

Hours  Minutes Seconds
1] 1 45.5

If the Signal typeis set toRamp to, and theRamp From button is set to

Ramp From

E prev. |¥

Previous

SetfFinal
Patential (W)

Set/Final Potentialentered in

Ramp From

Eref. |w

Absolute Value
Inital Ramp
Potential (%)

0 to Set/Final Potentialentered in

Ramp Fram

Potential entered in

field. If the Ramp from is set ©CV -

, the potential will rise (or fall) fronthelast step set point to

field. If Ramp From button is set to

, the potential will rise (or fall) fronmnitial Ramp

Set/Final
Potential ()

the ramp will run from the
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saved @V value An OCV step musbe programmedh the previousstepfor the
software to record the OCV valudsers can also check tReverse Ramp

Reverse
R.amp

box to run a reverse ranfim the final value back to the initial valu€he
final ramp controls ar&tep Sizg(V) andScan Rate (V/3.

Step Size (W)  Scan Rate (V/fs)

0.001 001 , andare used to create a discrete stairgaseedure
comprising the rampDuring therampoperation theprogram will record the last
data point of each discrete staircatyecomprisingthe ramp (Ramp to).

The value othe step duratiomust be greatghanor equal tdls If theuser
needs to apply faster scan ralmymustchoseCV Scanas signal typeThe

step duration is defined as

308 E BA
3 ARIA MO

If the software advices to change signal tyy If the software advices to change signa
from 6CV scanbé to O0type from 6Ratmpdo t
window pop up. following window pop up.

-

Exft

==

Your {Step Size (V1}/{5can Rate (V/s)} » =1 s
Ramp instead of CV Scan is suggested as CV
Scan sampling pericds greater than 1 s can
cause memaory issues on some PCs. Please
consider lowering your step size or increasing
your scan rate for CV Scan.

c.OCv

TheOCV step will set the cell in open circuit for a time period specifietatal
Duration of Current Step field while measuring the cell potential at intervals
specified in the.ogging Duration field.
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