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Chapter 1 Overview

ZMAN is a scientific application forimpedance analysis and modeling.

With ZMAN, you can integrate a series of impedance measurements and control parameters
into a single file, and then present them in sophisticated 2D and 3D graphs including the
familiar Nyquist plots and Bode diagrams.

With its powerful equivalent circuit model editor, you can easily add arbitrary circuit
components, expressed by complex functions, to build and manage your own equivalent
circuit models.

ZMAN’s special equivalent circuit search engine lets you easily search for an appropriate
equivalent circuit model which best fits the raw impedance spectrum from pre-defined and
user-defined models.

In addition, ZMAN helps you fit model parameters with the equivalent circuit fitter
employing the Levenberg-Marquardt (LEVM) algorithm and to compare the best-fit result
against raw data in graphical form. In fitting impedance series, you can use previous best-
fit parameters as initial values for fitting the next impedance spectrum.

A. Whatis newin ZMAN 2.5

® ZMAN can be used without Admin Right.

® You must run ZMAN with admin right to input license code.

® Ver2.5 Project file is not compatible with older version but it can read older version
project file.

® Model searching default parameters were changed.

® Support Biologic’'s new data format files.

These exciting features will help you manage and analyze your impedance data in a more
productive way than ever before.

History of ZMAN 2.5

« Upgrade from ZMAN 2.3
« ZMAN 2.3
ZMAN 2.2
ZMAN 2.1
« ZMAN 2.0
Upgrade from ZMAN 1.1

Major New functions

> in ZMAN version 2.5
» Setup file including Labview runtime engine
« Supporting Biologic new data format



» in ZMAN version 2.3
e Labview runtime engine version RTE2013 32bit
* Frequency extension function of simulated data

> in ZMAN version 2.2
» Ascii file reading extended option
» KK plot updated
» Interpolate Bad data
« Black-Nichols Plot
» 3D graph setting option
« Improved Model editor
» Application Model library for automatic searching
e Parameter Simulation of model
» Genetic algorithm option for fitting
» Automatic initial guessing
» Trace movie function on fitting
« Data analysis for WonATech data format (SEO, SDE,Z# file) without a license code

> in ZMAN version 2.1
- Data analysis for WonATech data format (WDF, WIS file) without a license code. WDF file
extension is from WEIS system, WIS file extension is from Z# and Z100 systems
- Data editing
e Circle fitting
e« Add/remove element parameter
« Add/remove model parameter
« Impedance E,M,Y,Z in polar Admittance Modulus Dielectric constant Data display

D. Systemrequirements

In order to run ZMAN, you must ensure that your computer meets the following minimum
software and hardware requirements:

Operating System: Microsoft Windows XP, 2000, Vista, or Windows 7/8 (32,64bit available)
Processor: Intel Pentium 4 or equivalent
RAM: 512MB
Display: 1280 x 1024 recommended
e If you have lower resolution, you can use ZMAN by maximizing window.
Internet: An internet connection is required for registration

E. Installation and Setup

Installation and setup is performed by running "setup.exe" in volume folder from the ZMAN
setup.

The ZMAN software will then be installed, along with the National Instruments libraries.
After installation, you can run ZMAN by going to the Start Menu, All Programs, WonATech,



ZMAN 2.3 and clicking ZMAN.
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Figure 1. Intro Menu without license(Before license Request)
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Figure 3. Intro menu with licensed

You can see intro menu of ZMAN2.5 as the above figurel.

You can select blank project at start or select recent project which you handled last time or
you can browse specific file by clicking Browse button.

If you want to edit/create model only, you can directly enter Model editor

If you select blank project, the following window will appear.
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Figure 4. ZMAN starting

If you have purchased ZMAN and have not activated the ZMAN license, you will need to
send some information to WonATech in order to be sent a valid license code.

}l‘iﬁ License Code - @

Enter your license code. If you want to activate the software,
please e-mall to sales representative.

License Code

| o |[ concel | mequestcode |

Figure 5. License Code Entry

Click the “Send e-mail” button, and fill in your registration details:

¥} LicenseGet User Infavi s |

* Required
*First Name *Last Name
\ | | |
*E-Mail Address
[ |

*Phone Number Fax Number

*Company/Institute Department

#Street Address 1

\ |
Street Address 2

\ |
*Country +Zip/Pastal Code

\ | [ |

Note

\ |

Your right to privacy is a priority to us. We recognize your
need for reasonable control of information that you share
with us. Therefore, this statement is a corperate-wide
qguideline, and iz not limited te our online business. We do
not sell your informaticn to outside organizations. Our

I goal in gathering information is to consistently improve
our relationship with you, cur customer.

I Imc\]

Figure 6. License code application form

If you have not purchased ZMAN and want to evaluate the software, click the “Cancel”
button.

If you have purchased ZMAN, then fill in the required information and click the “OK"” button.



Please e-mail the followings to your sales representative(sales@wonatech.cem). Yeu ¢an also find it in clipboard. 1f
necessary, please paste(CTRL-V] it in any text editor such as NotePad.exe

. m— ry

Product: ZMAN2x
Host Name: WSB-OFFICE
Host ID: B9SE-CF97-0E76-2285

First Name: Steve
Last Name: King

E-Mail Address: steve@qrins.com
phene Number, +82-2-578-6516
Fax Number:

Company/Institute: Qrins
Department:

Street Address1: Seoul Korea
Street Address2:

Zip/Postal Code: 135-260
Country: Korea

serial Number:

Figure 7. Send registration email

If you click "OK” button, the program will automatically e-mail this information to WonATech
to obtain a license code. If your PC is not connected to the internet, please paste (Ctrl+V)
the information into a text editor and email it to sales@WonATech.com. You will then receive
the license code for ZMAN by email. You must run ZMAN with admin right to input
license code. Until the license code has been entered into ZMAN, you can only use it with
WonATech generated data.

This product is not yet activated.

Yeu can read only WonATech binary data files(*wdf, *wis, and *zmp).

|| Please contact your sales representative for getting license code.

Figure 8. License notice

F. Licensing Note

A ZMAN license code is required for each PC you use it on. You must install ZMAN into the
PC you want to use ZMAN software for 34 parties data analysis. Without License code, you
can use ZMAN for WonATech generated data in any PC with full functions.

G. Known Bug

ZMAN uses Microsoft Common Control to open a file; however, the file open dialog is not
loaded in some machines. It is caused from a licensing issue of the ActiveX control. The
easiest way to fix it is to install Microsoft Visual Studio or Visual Basic.

H. Legal Information

Information in this document is subject to change without notice. This document is provided
for informational purposes only and WonATech makes no warranties, either express or
implied, in this document. The entire risk of the use or the results of the use of this
document remains with the user.

Without limiting the rights under copyright, no part of this document may be reproduced,
stored in or introduced into a retrieval system, or transmitted in any form or by any means,

or for any purpose, without the express written permission of WonATech.

Copyright © 2004-2021 WonATech. All rights reserved.



I. End User License agreement

Take the time to read this License Agreement prior to installing this software, because by
installing the software, you accept the terms and conditions of this License Agreement.
Likewise, if you do not accept the terms of this agreement, do not install this package.

J. License Agreement

WonATech Co., Ltd grants you, the purchaser, a non-exclusive license to use the software

programs included in this package. This license is subject to the terms and restrictions set

forth in this agreement.

You may

Make archival copies of the software programs for backup purpose only.

You may NOT

Sublicense, rent or lease the software programs

Modify the program

Reverse engineer, decompile, or disassemble the software programs or programmable logic
devices

Terms

This license is effective until terminated.

Contact
We can be contacted via:
E-mail : support@WonATech.com
Fax : 82-2-576-2635
Phone : 82-2-578-6516
Address : WonATech Co., Ltd
WonA Bldg, 7, Neunganmal 1-gil, Seocho-gu, Seoul, 137-180,
Korea

If you write to us about a problem, please provide as much information as possible.
Limited Warranty

WonATech Co., Ltd warrants to the original user of this product that it shall be free of
defects resulting from faulty manufacture of the product.

WonATech Co., Ltd makes no warranties regarding either the satisfactory performance of
ZMAN package including the software encoded in this product or the fitness of the system
for any particular purpose.

WonATech Co., Ltd reserves the right to make revisions to the system at any time without



incurring any obligation to install same on systems previously purchased. All system
specifications are subject to change without notice.

Trademarks

Microsoft, Windows, Windows 95, Windows 98, Windows Me, Windows NT, Windows 2000,
and Windows XP Windows Vista Windows7,8,10 are registered trademarks of Microsoft
Corporation.

LabVIEW is a registered trademark of National Instruments.

Other names of actual companies and product names may be trademarks or registered
trademarks of their respective holders.



Chapter 2 About ZMAN

The basic concepts and features of ZMAN™ are shown in the figure below.

In this section, you will learn about the main features and functions of ZMAN. To get an
overview of some of the features of the software, follow these steps:

10.

11.

Open a data file. Refer to EIS Data File for details. You can use your EIS data file or

importing 3 parties data file

Edit your data file. You may edit bad data or combine some series measurement for
ZMAN analysis. Refer to Preview data file for details

Project concept. You can use Project function to manage your series of data files

measured with max 3 control variables. Refer to Project for details

Check validity using the Kramers-Kronig relation. For details, see Kramers-Kronig
Consistency. However, this is not a general procedure used to analyze impedance
data.

Using the Levenberg-Marquardt algorithm, best fit the data to an Equivalent Circuit
which is defined and selected in the Equivalent Circuit Model Editor. Refer to Modeling

Try circular fitting for your Nyquist plot’'s shape having semi-circle. Refer to Circular
fitting for details

You can add or subtract some element or model from your data. Refer to Manipulate
element or Model for details

You can create/manage your own model or models in libraries. Refer to Equivalent
Circuit Model Editor.

When you are uncertain what is an appropriate equivalent circuit or you are not familiar
with equivalent circuit, you can use the ZMAN automatic Search Engine to find possible
choices. Referto Automatic Model Searching for details.

Plot the data file. Refer to Impedance Data plot for details. You may plot raw data
with KK checked results or best fit results in various types of graphs. Best fit
parameters are plotted against control variables.

There are many type of graph handling for impedance data presentation. Refer to
Graph for details
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Figure 9. ZMAN Diagram



Chapter 3 EIS DATA FILE

ZMAN use project concept. Each impedance data file(s) can be transferred to project file.
Only if the data file was transferred to project section, it can be analyzed.

Project section can be handled as single file or multiple files. Main reason of project concept
is series analysis from various data sets by experiment circumstance changing.

In the Project tab, there are 3 sections..

U ZMAN - Untitled2
"TEle Eiot Aralss Toos Help

Project. | Nyquist Plot | Bode Plot | Parameter Plot | 3D Plot

; == [ :
C(R-CRytxt Frequency [Hz] Z' [Ohm] Z" [Chm] Add tem X

CH#ZMAN Date#Untitled2.zmp
- r T — Bytch =
(CR] |u pefance, Z Empty Cell Cap. 88.5419fF | Impedance, Z [=| Empty Cell Cap.
2T
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Figure 10. Main windows structure

You can select raw data as an individual file or you can group several data together and
save them in a ZMAN project file in Project Tab. ZMAN Project files end with the
extension .zmp.

You can see 3 sections as shown above.

“A” section: Data files Browser
“B” section: Data file Preview
“C” section: Project files handling for ZMAN data analysis

A. Browse data files

1. Base folder selection

ZMAN shows data file list which can be used in ZMAN. These file list is different by
10



licensing. Displayed data files are located on base folder which user can determine.

You may need to select folder which contains EIS data files. Data file browser ("A” section)
will display data file list under base folder. To select base folder, click right mouse button
at “"A” section in Figure 10. Then pop up menu will appear.

T Open File
T Find File...
E Remaove File
L

Refresh

Change Base Folder...
Recent Folders »

-1

Expand All Items
Collapse All Items

o T

Figure 11. Data file handling pop up menu

You can change base folder by selecting "Change Base Folder..” on pop up menu, ZMAN
will show file list including subsidiary folders.

Note: You can NOT select root folder as base folder. If you want to save data file
in hard disk or usb memory etc., you must make some folder and save the data
file into the folder.

If you check on M Refresh on Startup 7 AN will show the files which you set as base folder
at last time when you open ZMAN program

[Base Folder]

- CRZMAN Data

[Current Item]

- CHWZIMAN DatawProj. WDEMO.Z

Figure 12. Base folder display

You can see current base folder at bottom.
If you select the file, you can also see file information base folder information.

10V _scap.zmp \_
17V _scap.zmp
6V_scap.zmp |
6\V_scap_unitzmp
scap_cellbtotal zmp
scap_tetalzmp
scap_totall.zmp
SuperCap-Z21.z#.bxd
SuperCap-Z31.z# bt
SuperCap-Z41.z# bt
SuperCap-Z51.z# txt
SuperCap-Z61.z% bt
SuperCap-2 78 z#tt

CLLLLL NN

[Base Folder]

- CHZMAN Data

[Current Ttem]

- CHZMAN Datatscap_cells.zmp
- Modified: 2008-11-11 2= 5:56
- Size: 8.04kBytes

Figure 13. File information

2. Recent folders

You can easily change highest path using recent folders. Recent folders displays folder
which you did set as base folder.

11



Open File I

Find File Range

T Remove File

z1 Refresh Selec

Change Base Folder. -

2

Expand All tems 2 cHWEIS#Data

3 Fzmandata
=z Collzpse Al Iiems
i, = 4 Diweisanalyser[11examples

TERE f\‘l 5 Fivdata

Figure 14.Recent folders

3. Refresh list

If you select Refresh or click refresh button , data file list is updated.

4. Expand All Items

You can display All EIS data files in subsidiary folders when you select “"Expand All item”
Generally subsidiary folder’s EIS data can be seen when you click this folder.

Refresh on Startup

E& before_02 560 s
- EI5_Galo70414_01.5E0
-l IMP 55_01.5DE

E peis_01 50
- Pe-EI5_01.5E0
-E& rer1_01.5EQ

Ed rer 01560
[ test std2_01.5E0
BB test std_01.5E0

EZ tocv_01.5DE
- tdat
S #

EHED ZMAN

EHED) datas

-5 11-48-17-721 wis
-89 11-57-19-Z21 wis
-8 1 3.06-24-221 wis
-5 13.10-18-721 wis
-9 12-14-24-721 wis
-8 132.40-10-Z21.wis
-5 132.40-10-731 wis
-89 12-40-10-Z41 wis
-8 12.40-10-Z51.wis
-8 12.40-10-Z61 wis
EHES) Project-Makers

B Gamry

H EISGAL_DEMO.DTA

EISPCT_DEMO.DTA
EHED InPHAZE
oW JRo2 MLz
éﬁﬁ\amon
. DEMO.Z
25 Zahner
L2 Dummyzmp
EHES) Project-Samples

Figure 15.0pen All items

5. Collapse All Item

If you select this, you can just see base folder data list. Sub folder’s data list will be

collapsed.
You can back to normal display by selecting “Collapse All items”.

12



Browse at

] . Start Up ‘
D 1234 Al
S 500mv
B aa221t |
S cvtest
[ cvtestweb
S ovttt
[ data
(&) dummy.PEL
(= dummy1. PELWEM
(&) dummy2 PELWEM
S eis
(5 Fech.CV
5 FeCN10OMVEIS WEM
(5 FeCN1OmVEIS WEM
[ fecncycle.wem
5 geis GEL
B itestwem
5 Nicd.cov
& nicd P
5 NiCd.web
[ nicdCapEIs WEM
S oev
[ peis.rar
(& peisstandard.PEL

ref
(S sahak eis.PEL

scan
(& Sequencel
[ sequence11

sweep
[ tafeltest
S tafeltest TFI

Figure 16. Collapse All items.

6. Find File

You can find file using “Find file”.

To use this function, you can click j icon or select submenu on file list section “"A”

L EienioL A «
] askruuiota
[ EISKTUNATIR).DTA EE
[ askTunaLDTA
2 gahanzmp 500.0u-y
2§ gemizmp
jem2.zmy T o
: :a“mpp Open File
2§ viumgamry1.zmp EClile
[ rutm Remove File
[ tuzism
s Refresh
1] Eug sm Change Base Folder
II: n:s ::: Recent Folders »
2§ nicd.zmp Expand Al liems
l|: :VESE;F;’:T - Collapse All Tems
2 zabiiczmp 15000
2 zzhan.zmp

Figure 17.File list submenu

You can see following menu

| ZMAN - Find Item =]
List of Files
Name Date Modified -
2006:01-23 144335
gahan.zmp 2010-01-14 18:08:10
gem1.zmp 2010-05-06 16:58:32
gem2.zmp 2010-05-20 16:31:48
hanzmp 2009-11-11 16:27:00
iviumgamryl zmp 2010-03-08 13:11:56
ktulism 2009-10-21 18:25:46 %
ktu2.ism 2009-10-21 18:25:46
ktuz.ism 2009-10-21 18:25:46
ktud.ism 2009-10-21 18:25:46 -

*Double click column header to sort items.

Find What

[ | | Find Next
[Tl match Whole Word Only

[Tl Match Case

Figure 18. Find item menu

If you want to sort file name or date, double click on title then it will be sorted.



7. Remove file

You can erase data file on hard disk.

‘ﬁ{:? cyc\eblasz_'s arﬁp{}—S—ZEl.ww
-~ 2] dmfczmp

Open File
Find File..

Remave File

Refresh

m=1.

Change Base Folder...
Recent Folders 4

Expand All Ttems
Collapse All Ttems

LT bt iem

igure 19.Remove file

Select data file which you want to erase and select "Remove file”
You can see warning message box.

s

The file, G:wzmandatawdummy01.bd, is not empty.
Do you want to remove the file permanently from hard disk?

Figure 20. Warning message

B. File Menu

ZMAN software is based on “project” concept. This project concept is that ZMAN software
will make its own data set file format including multiple eis data with analysis result. Project
file's extension is zmp. Project file’s contents are listed on section “C” in above Figurel0.

1. New Project

%

Plot  Anzlysis Tools Help
Mew Project Ctrl+M
Open Project...

Close Project Ctrl+W

When you select “New Project”, Uploaded project contents will be cleared to make new
project file.

2. Open Project

This is to open project file.

3. Merge Project

This is to add other project file(s) into current project contents.

4. Batch: files to Project

This is batch processing to add several EIS data files to current project

C. Data file Open
You can load data file(s) into ZMAN using two methods.

14



Direct reading:

Open EIS data file from target folder.

Tools Help

Nyquist Plat | Boge plot | ‘Blackcnichols Plot | Paramster plot | 3D Plot

e
[]Refresh on Startup| | - @

| CWZIVE DATAW144815_01.5EC
Impedance, Z Empty Cell Cap. Batch
B

A C A
o
Frequency [Hz] Z' [0hm] Z" [0hm]
0 1000000 1572636 130427658 Add Item
1 954990 1742193 -136.794113

Click red boxed icon and select EIS data file format
WonATech (’;.5de;*.5eu;*.wdf;*.wis;*_z#]

Text (*.cov:* dat;* txt)
Cthers (*.crv* dfr> dta>idf ids ism;*. izt mpr*.mpt;* peisdata;* )

If the EIS data file is on experiment, you can click blue boxed icon to update the data file.

From Data file browser

You can open EIS data file on data file browser by double clicking on data file name.

1. Without License Code:

You can select data file in section™A” by double clicking on the file name, you can then see,
EIS data preview of this selected file. If this is the file you want to load into Project for
data analysis, click “add” button. You can then see selected files information in section “C”".
ZMAN can load the data files (zmp, wdf, sde, seo,wis,z# etc.) which come from WonATech
products directly without a license code. If you want to load ASCII file produced by 3rd
parties you will then need to obtain a ZMAN license code.

a) Single EIS data set
If a data file is a single EIS data set, Double Click on the data file in section “A” Then
you can see data preview in section “B”

Figure 21. Data preview
b) Multiple EIS data set

- WDF file (WEIS data file) or SEO/SDE file (ZIVE SM data file)

15



If your WDF/SEO/SDE data file includes multiple EIS data sets (e.g. Series
measurement etc.). Double click on data file name on section “A”

> =52

There are 11 DataSet in "50mseg4638_01.wdf"
Do you want to add them to project?

E\"esi No

Figure 22. Multiple data loading

If you inserted Cycle marker to produce the above sequence file, the box above will appear.

Click “Yes"” then multiple EIS data will be split automatically and loaded in Project part
(Section "C")

-y

|SxEr)

eE)@)-

=

e

e

eRa|

=3

Figure 23. Parameter value editing

If you do not want to use all EIS data set, click"No"” and the select box willappear.

" FileSpacexcitFileSpace.As.. Q

Open Data
z
2nd Data Set B
3rd Data Set
4th Data Set
(| | 5th Data set

6th Data Set
7th Data Set
gth Data Set
9th Data Set
10th Data Set

Figure 24. File select

You can then select one EIS data set for analysis.
e Otherdata file

If your data file have multiple eis data set, you can split the file as each EIS data using data
range function.

16



A
Frequency [Hz]

4999999999
387131841
2097421251
2320794417
1796.90683
1391.2797
1077.217344
834050269
645774833

L =]

Impedance, Z [=]| Empty Cell Cap.
B C N

Z' [ohm] ' [ohm (g
0.004054 0.001059
0.004103 0.00062
0.004199 0.000447
0004171 0.000258
0.004162 3.961618E-5
0004276 -B.065733E-S
0.004367 -0.000253
0.004408 -0.00039
0.004512 -0.000485

B

450m

»

40.0m-|

. * .Se\e(ted El

. Ray A

35.0m-| .
30.0m-|
E 250m- .

Ol
.

<] . .e
7, 20.0m- S,
150m-

.

10.0m-| .

.

5.0m- LN

0.0

-5.0m T T T T
00  250m 500m  750m  100.0m120.0m

7 (ohm) B elm
Figure 25. Data file containing multiple EIS data set

c) Project file
Double click on project data file (zmp) name in section “A”
Then project data will be loaded in section “C”

@ * |Item List |Z||

[C#wESHdatawFeCNI00MVESLZMP |

Impedance, Z ~ | Empty Cell Capacitance | 1
A B C -
ftem Volt X2
0 2952011 0.6 0|2
1 2952012 0.5 0|
2 2952 013 04 0
3 2952 01 4 03 o
4 2952 015 0.2 0
5 2952 016 01 o
6 2952017 0 0
7 2952018 01 o
8 2952019 0.2 0 -
< | i ] v

@ Nyquist Plot Bode Plot Best Fitted Parameters

Figure 26. Parameter editing example

2. With License Code

Reading of ACSII and 3" Party files requires a License Code to be obtained from
WonATech.

a) Direct reading 3" parties data(Needs License Code)
ZMAN read Zahner Data file(*.ism), Autolab Data file(*.dfr),Gamry Data file
(*.dta),Solartron (*.z),Inphaze (*.izx),origalys (*.crv), biologic (*.mpt,*.mpr),
Ivium(*.idf,*.ids), palmsens(*.peisdata) directly without text file importing menu.

b) Ascii file and 3" party’s data (Needs License Code)
Select an ASCII file(needs license code) to analyze. You can read extensions among
text formatted Data File (*.dat, *.txt , *.csv) using text file importer

17



ZMAN supports ASCII data file containing several

lines of header, which are

automatically recognized and ignored in ZMAN, and three successive columns with
numbers such as frequency, real and imaginary part of impedance. Available orders

of columns are:

(n+2) th Column

nth Column (n+1) th Col
Real(Z’
Frequency(f) eal(Z’)
or Mod.(|Z])
Angular ,
Frequency(w) Real(Y’)
Mod.(]Y])

Imaginary(Z”) part
Impedance

Phase of Impedance
Imaginary(Y”) part
Admittance

Phase of Admittance

of

of

If your data file does not have three successive columns as the above rule, you need to

use extended option with which you can set each column for each parameter manually.

These columns should be delimited by delimiters such as space, comma and tab.
Your ASCII data file format must have one of the following 3 successive column data

rule.
 Frequency, Zreal, Zimg
 Frequency, |Z|, phase
e Frequency, Yreal, Yimg
« Frequency,|Y|,phase

You can select frequency or w for fist column. If your data set do not have the above
column rule, you need to use extended option with which you can set each column for each
parameter manually.

If you attempt to open ASCII file or 3™ party’s data file without license code, you can

see the following message box.

>

The selected file is not supported by ZMAN.

Supporting formats:

1. WonATech files(* wdf, *seo, *sde, *wis, *7#)
2. Text files(* tut, *.dat, *.csv)
3. Autolab files(*.dfr)

4. Biolegic files(*.mpr, *mpt)
5. Gamry files(*.dta)

6. HP files(*.asc)

7. Inphaze files(*.izx)

8. Ivium files(*.idf, *.ids)

9. Origalys files(*.crv)

10. PalmSens files(* pseisdata)
11. Solartron files(*.z)

12. Voltalab files(*.crv)

13. Zahner files(*.ism)

If not yet acitivated, only WonATech binary formats
(*.wdf, *seo, *.sde *wis) are supported.

Figure 27. File format information

Once you select an ASCII format data file or after you checked the “Show dialog” check

box ON, you may see the following window.
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‘Open ASCH Fils R . - R =
=
20
[CHEAN Datawtstixt ]
File. - MAR 152011 200

]
[Ohm]
$

System...
Potential.c 3.373V.
u

i ]
oats | ftin [x] | zohm [] [ ZOh

100000E-3 28082063 231310
79.664E+3 206.040E-3 ©  -290.460E-3 |2
63.464E+3 314.820E-3 -360.570E-3 —
sossBEes 303 aas1063 E
2027763 3Ba00E3 54008063 e
20w 37603 65692063 E
25563 4763063 79508063 ]
20363 s42700E3 95796063 ol
l6226  emices 15060 ]
oes  77e0e3  sveEd -

00 100 200 300 400 500 600 700
Z [ohm] R

-100

200
300 »
400 &
F-so0 8

Bonuomnwnn
2 tohm]

600

1000m I S N — 70,
10m  100m 1 10 100 1k 10k 100k
Frequency [Hz] HE ol

[] Apply user-defined setting
Figure 28. Read Text File

gnore st | 1f&eohimns. ENegate Imaginary Pat

If the data file which you selected has no EIS data or invalid file format, the following
message box will appear.

IMAN

—

@ There is no valid data in the file, "testcv171740.WDF"
o

Z2

Figure 29. No data in file message

If additional columns are inserted before the three successive data columns, type the
number of additional cols in the Ignore the first cols check box. With predetermined file

=

=E

o ] [ow

Figure 30. 15t column: serial number, Zimg polarity opposite

Sometimes, the sign convention of the third column may be inverted. In such a case,
press Negate 3" Column and plot it in Nyquist Plot and Bode Diagram. With
predetermined file format, column skip function and negative colum3 selection will be
inactive

Note: If your data file include time data having 00:00:00 format, ZMAN will read with 3
columns.

If your data set do not have the above column rule, click “apply user-defined setting”
check box at left bottom side.
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Open ASCIL File -

[C:WZIVE DATA® st sample-test. csv

Z,Theta,rad T frequency, a 7 " frequen
12041,77.24,1 348095467, 166359.535,2659.430485,11743 6

145622.21,3302:6315,13100.1040:
1.311268033,137327.28,3669.720354,13821.110
.74.8,1.305509333,133179.815,3848 893895,14166.45!
16050,73.48,1 282470933,120737 42 4563.771652,15387 47¢

17n20 77 501 JAAQITART 112447 AQ'SNOR ASITST 1RIA0 826

12060,76.35,1.332562,153017.14,3058.204,12593.95001,153 ‘

< n | »
pata | fH)  [v] | [mohm [] | Phasetdeq) [+
1 77.240E+0 1.348E-0 166.360E+3
2 76.350E+0 13336-0  153017E-3 [E]
3 75.850E+0 1.324E+0 145.622E+3
4 75.130E+0 1311E+0 137.327E+3
5 74.800E+0 1.306E+0 133.180E+3
6 73.480E+0 1.282E+0 120.737E+3
7 72.590E+0 1.267E+0 112 442E+3
8 70.720E+0 1234640 100.000€+3
8 69.050E+0 1.221E+0 90.773E=3
10 60.940E+0 1221E-0 99.320E+3 -

[7] Apply|user-defined setting

lumns Negate Imaginary Part

-Z" [Ohm]

2 [ohm

500.0m-]

-500.0m

104

AS——— ]
-15 <12 -10  -500.0m

0o2s0om '
Z' [ohm]

O
750.0m 1.0

R

Frequency [Hzl

[Bap] sseyqd

2 12.960E+3

Megate Imaginary Pa

rt

W Use Local Decimal Separat

Apply user-defined setti

ng

76.350E+0

you can save Max 10 set of profile. If you click “?” icon, you can make profile name for

10 set of profile.

[¥] Apply user-defined setting

 Set Mame Jgj
s
Mame
| Testl
I
il
|
|
I ok | [ caneel |
—— = —
Open ASCI File - - C . ~ [
y—
o 80.0k:
| CHZIVE DATAW1st sample-test.csv g0k Raw
ZThetarad Trequency, o P “frequen » 0.0k
12041,77.24,1 348095467,166359.535,2659.430485,11743. 6‘\?‘ 7 -
12960.76.35,1. 62,153917.14,3058 394, 1537 £ 500k -
13510,75.85,1.323835333,145622.21,3302.6315,13100.1040: g‘lﬂok' .
14300.75.13,1.311268933,137327.28,3669.720354,13821 110 e .
14680.74.81.305509333,133179.815,3848.893895,14166.45¢ 30,0k ot
16050,73.48,1.282470933 120737.42,4563.771652,15387 474
| 1703073 50 1 JRROITART 119447 A0 SAGK ASHTET 14940 831 20.0k-|
= e ol
| Data fiHz [=] | Eohm) [ [ Phaseideq) [=] 00 200k 400k 60.0k 800k 1000k 1200k
[l 166.3606+3 12.041E+3 T7240E:0 =~ Z [ohm] Ee]
153.917E+3 12.960E-3 76.350E+0 [E]| 1.0M
75.850E+0 Zzl
75.130E+0 Phase
74.800E-0 =
73.480E0 £
72500E-0 £ 100.0k+f
70720640 2
69.950E+0
69.040E+0 - |--700
10.0k : 5 ! ; ; -80.0
1 10 100 1k 10k 100k ™
Frequency [Hz)

seriten 0

at

You can set each parameter’s column number column number input directly
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Chapter 4 Preview Data file

If you selected data file, The data file will move to preview section(B) or project section(C)
when you selected project file.

A. Preview

B = =
o ange [ 01| ek
5.0k
5 5k Selected |, 7, ]«
Raw
50 (]
45k
4.0k-|
= 35k
E .
G 3.0k
B 25k
2.0k +
1.5k
1.0k-| *
.
500.0 I L T )
.
oo
-500.0 T T T T T 1
00 2000 4000 6000 8000 10k 12
z (ohm) e

Figure 31. Preview EIS data in section "B”

When you open the data file, EIS data will be displayed at preview section. You can check
the data by view various graphic or data list also you can edit the data file before EIS data
analysis.

B. Preview Data table

1. Data format

You can select data format by selecting combo box on data list or by clicking right mouse
on data list and selecting immittance .The following data formats are available for display

Juency [Hz] |Z] [Ohm] Phase [deg] E | ot
1000000 10184.409022 -25.484731 Add Tel
794330 11870.769953 -27.986385
o1 MRy  impedance, Z
308  Zin Polar ...
Impedance, 7 [+] Emg 316 AFImittance, ¥
« Impedance, Z | 251 ¥ in Polar ..
Z in Polar 199  CopyTable Modulus, M
) Export To Excel M in Polar ...
Admittance, ¥ 158
¥ in Bal ’ Select All Dielectric Constant, E
n PO - Ein Polar
Medulus, M g Select Col
M in Polar .. Select Row R, CinR||C
Dielectric Constant, E ) Insert Row 2 E_m :f
Ein Polar .. Lo
Delete Row L QinR-L
R CinR|C Reverse Table
R, CinR-C
B LinR-L Refine Data by ZHIT
L, G in R-L = Set Column Value...

Figure 32.Data format select on combo box(left) & popup menu on data list (right)

“in Polar...” means in polar coordinate.
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N |8 |mr [
You can select Nyquist, Bode, Black-Nichols plot by selecting icon b

a) ImpedanceZ & ImpedanceZin polar

a-1) Data display

Impedance, Z [=] Empty Cell Cap. 1F Zin Polar . [=] Empty cell cap. 1F
A B C - A B C -
Frequency [Hz] Z' [Ohm] 7" [Ohm] El Frequency [Hz] |Z] [Chm] Phase [deg] =
0’ 1000000 9193 46582 -4382.05127 0" 1000000 10184.409022 -25.484731
1 794330 10482.591797 -5570.493047 1 794330 11870.769953 -27.986385
2 630960 12004.576172 -6484.753906 2 630960 13644115299 -28.377481
3 501190 13667.790039 -7103.943848 3 501190 15403.717173 -27.463518
4 398110 15444 233398 -7390.461914 4 398110 17121427294 -25.572311
5 316230 17198.087891 -7317.597656 5 316230 186090.14346 -23.04922
& 251190 18878.097656 -G857.927734 6 251180 20085.162283 -19.0964782
7 199530 20211.712891 -6044.102051 7 189530 21096.078014 -16.6458746
8 158490 21189.697266 -5189.188965 - 8 158490 21815841774 13760467 -
] b . b
a-2) graphic
] v Y
A R ERRCE o oo on[CAJE] el o as
14.0k-| 100.0k- -0 100.0k-{
Selected [,",] ] ’/’mm_ [P
12.0k- R A p (R) Selected .E s
. £ L) Raw 7o) Fs
10.0k-| . D (R) Raw 10 _
£ E o I:l —n2sE E
5 eok- .. . & o 4 s & e . .
B g0k o ik . = o ¢ lsg F e,
. . R : |- e Lo L e e ..:’ﬁ.
4.0k~ ° '. > % |--225 o T
. : ] .
2.0k~ -/ “a-275 ',
- . ; ; B R e A S S P ook
O 10 1o ok mo oo oot w0tk a0k 100k M 300 -250 -200 -150 -100 -50 00
7 ohm) Bl Frequency (Hz) = PElk] Phase (Deg) B
b) Admittance Y & Admittance Y in polar
b-1) Data display
Admittance, ¥ [=] Empty cell cap. 1F $ Y in Polar .. [ Empty Cell Cap. 1F
A B C - A B C -
Frequency [Hz] ¥ [5] Y [5] = Frequency [Hz] |¥] [S5] Phase [deg] E
o’ 1000000 8.863548E-5 4 224796E-5 o’ 1000000 9.81893E-5 25484731
1 794330 7438937E-5 3.953086E-5 1 794330 8.424053E-5 27.986385
2 630960 6.448461E-5 3.483395E-5 2 630960 7.329167E-5 28377481
3 501190 5.760328E-3 2.993977E-5 3 501190 6.49194E-5 27.483518
4 398110 5.268493E-5 2.521109E-5 4 398110 5.840635E-5 25572311
5 316230 4923284E-5 2.094303E-5 5 316230 5.350414E-5 23.04822
6 251190 AB79587E-5 1.699974E-5 B 251190 AG788E-5 19.064732
7 199530 4.541504E-5 1.358089E-3 7 199530 4 740218E-5 16.648746
8 158490 4.452263E-5 1.090324E-5 + 8 158490 4.583825E-5 13760467 -
4 2 4 2
b-2) graphic
8 a1l - B . =
B e o]0 | L] woe o8- w2 [l s [ o8- [tk
45.0u e (L) Selected m ,ZS 5 tooou Selected I:IL
Selected |, ",] ¢ "
4000 N ) Selected [T, ed o Raw [
vt :
35.00- . (L) Raw [P |ees L
30.0u-| . T (R] Raw F20 o .
8 2 : A
; 25.0u-| - = e -15 ? = r .
20.0u- & . _' 1258
15.0u- '- Ll ! 10
., . o J 75
10.0u-] ", N *, : Ls
5007 \‘ \w/ 25
o 1 100Uy e 0 10.0u ! ! ! | :
20.0u 30.0u 40.0u 50.0u 60.0u 70.0u 80.0u 90.0u 1 10 100 1k 10k 100k 1M 0.0 50 100 150 200 250 300
¥ (5) B Frequency (Hz) B | Phase (Deg) B e

c) Modulus M & ModulusMin polar

c-1) Data display




Modulus, M [+] Empty cell cap. 1F M in Polar ... [+] Empty Cell Cap. 1F
A B C - A B C -
Frequency [Hz] M M" E Freguency [Hz] (1] Phase [deg] B
[ 1000000 2.753324E+10 5.776425E+10 o 1000000 6.399053E+10 64.515289
1 794330 2.780192E+10 5.23178E+10 1 794330 5.924609E+10 62.013615
2 630060 2.570841E+10 A4759141E+10 2 630960 5.409126E+10 61.622519
3 501190 2.237081E+10 4.304082E+10 3 501190 4.850738E+10 62.536482
4 398110 1.848640E+10 3.863219E+10 4 398110 A4.282752E+10 64427689
5 316230 1.453957E+10 3417143E+10 5 316230 3.713604E+10 66.95078
5] 251180 1.082368E+10 2.97948E+10 6 251190 3.169988E+10 70.035218
7 198530 7.577304E+0 2.53391E+10 7 199530 2.644781E+10 73.351254
8 158480 5.167509E+9 2110117E+10 « 8 158490 2.17247E+10 76.239533 +
« G < r
c-2) graphic
WA el s R
6006 . 10006 /,mgm\ s -t Selected [ 7]
5006 * 1006 . Riselected L 7,] | oo 10.06- faw® o :|
. * o (1| Rawe L72] |e2s ",
4006 . 1063 (R}-Raw, -"' 80 o 106+
, : ;9 P
=3 i = i) ° s & T 1000M-
30.0G . 100.0M 7S 75 E
. iR / ° s
20.06-] T 10.0M+[e / =70 10.0M+
. ] . 675 o
1006 1.0M| - 465 1.0M+ Lt .ot
s i “p-625 . et
00- ! ! ! ! | 100.0k ~—— e ——A——r e ——r-60 100.0k i T T i i
00 506 100G 150G 200G 250G 300G 1 10 100 1k 10k 100k 1M 600 650 700 750 800 850 900
M -Ejﬂl Frequency (Hz) -EJM Phase (Deg) -glﬂl
d)Dielectric constant E & Dielectric constantE in polar
d-1) Data display
Dielectric Constant, E Iz‘ Empty Cell Cap. 1F Ein Polar E Empty Cell Cap 1F
A B C - A B C ~
Frequency [Hz] E E" (Loss Factor) [= Frequency [Hz] 1] Phase [deg] [
o’ 1000000 6.723972E-12 1.410677E-11 o’ 1000000 1562731611 64515269
1 794330 7.920551E-12 1.490493E-11 1 704330 1.687875E-11 62.013615
2 630060 8.786604E-12 1.626576E-11 2 630060 1.848728E-11 61.622519
3 501190 9.507497E-12 1.829216E-11 3 501190 2.061542E-11 62.536482
4 398110 1.00788E-11 2.106219E-11 A 308110 2.334047E-11 64.427680
5 316230 1.054291E-11 2.477833E-11 5 316230 2F92802E-11 66.95078
6 251190 107711E-11  2.965004E-11 6 251190  3.154587E-11 70.035218
7 199530 1.083279E-11 3.622527E-11 7 199530 3781031E-11 73.351254
8 158490 1.094898E-11 4470042E-11 - 8 158490 4.603056E-11 76.239533 +
< G q b
d-2) graphic
Range 0%~ 80 Range of-[ 60k - —
Range ofs~-| eofs
10.0u+ 90
Selected [, ] , EN m [ "
fan [ vor] LT W g oy Tl S LD
. :\_ @ Raw [o] lezs 1.0u-] W-..‘L:|
R 1000n3—2 N ) Rave |:| 80 o 10000
s = oond - \_\' T od
’ Longe 1.0n-|
1o 100.0p-] 100.0p-| wet
500.0n-|4" ] AT °
00— 1 100p-y o T T 10.0p-t hal 4 ; : : T 1
00 2500 7500n10u 12u 15u 17u 20U 10 1k 10k 100k 500 650 700 750 800 B850 900
I B e Frequency (Hz) Phase (Deg) B2 m

e) R,Cin R||C (parallel connection)
e-1) Data display
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R, CinR||C |Z| Empty Cell Cap. 1F
A B C -
Frequency [Hz] Rp [Ohm] Cp [F] B
o’ 1000000 11282.163783 6.723972E-12
1 794330 13442780373 7.920551E-12
2 630960 15507.576413 8.786604E-12
3 501190 17360.122014 9.507497E-12
4 398110 18980.759032 1.00788E-11
5 316230 20311645386 1.054291E-11
G 251180 21369.406562 1.07711E-11
7 199530 22019.138605 1.083279E-11
8 158490 22460488527 1.004898E-11 -
] b
e-2) graphic
E ] Range ok ~ 60 (= E s Range o ~ 60 |+
2.0u-, 37 Sk~ 2u
e Selected 7. 250k (L selected [T, s
- -] -1.8u
Raw I " (R) Selected [, 7,
1 6u-| . 5 raw A -1.6u
140 . 30.0k—, s tho [ [
= 275k
© l2ud E FL2u
S o . 5 250k, W 3
o - —=1lu -

2 225k~ S -
800.0n-] . 200k . -200n
600.0n-| o 175k e 6000
400.0n-| . 150k ® * |-400n
200.0n- s 125642, °+-200n

00 e e 100K+ e
100k 150k 200k 250k 300k 350k 400k 1 10 100 1k 10k 100k 1M
Rp (Chm) -Ejﬂl Frequency (Hz) B 3w
f) R,Cin R-C(serial connection)
f-1) Data display
R, Cin R-C [=] Empty Cell Cap. 1F
A B C -
Frequency [Hz] Rs [Chm] Cs [F] E|
[ 1000000 919346582 3.631974E-11
1 794330 10482.591797 3.596873E-11
2 630960 12004.576172 3.889778E-11
3 501190 13667.790039 447011E-11
4 398110 15444233308 5.400355E-11
5 316230 17198.087891 6.877784E-11
6 251190 18878.097656 9.238998E-11
7 199530 20211.712891 1.319715E-10
8 158490 21189697266 1935168E-10 -
] 3
f-2) graphic
T LRI = o
14.0u 300k -14u
Selected D 280k %, (L) Selected El
12 00 Raw l:l : 250k—5' (R) Selected El -12u
. Ie (L) Raw 2]
10.0u- . 24.0k3—5 -10u
- . Ezzok—i - ~
= 8.0u- . S 200k . o [BUQ
G . = E . . ]
6.0u-] : -4 lSDk-: - . leu
. 16 0k .
- ] A .
4.0u- H 14,0k . o
{ 12|JkE ",
2.0u- E . *lau
j 100k \\.\_ *
00~ s "u‘""' T i SOk—',‘...,.H.,.‘.“.'T"T‘ﬁ‘....,..‘.,ﬂ
5.0k 100k 150k 200k 250k 300k 1 10 100 1k 10k 100k 1M
Rs{Chm) B 3| Frequency (Hz) B2
g) R,Lin R-L

g-1) Data display



R Lin R-L [=] Empty Cell Cap. 1F
A B C -
Frequency [Hz] Rs [Chm] Ls [H] EI
o’ 1000000 9193 46582 -0.000697
1 794330 10482591797 -0.001116
2 830960 12004576172 -0.001636
3 501190  13667.79003% -0.002256
4 398110 15444 233398 -0.002955
3 316230 17198.087891 -0.003683
& 251190 18878.097656 -0.004345
7 199530 20211.712891 -0.004821
8 158490  21189.697266 -0.005211 -
i »
g-2) graphic
E BN Range o - s E N Range 0F | ~| 60
0.0+ — j:ﬁt?’.. > @ Selected oo :}200
-200.0-] . 2o R selected  [*,] | o
-400.0-] . 24.0k—5 (L) Raw 71 |
-600.0- - E
00,0 £ 220k . 1 |-800
T 40k . B 200k -1k g
SR £ 18,0k Lk
1k . 160k o -1k
k] 140k + |16k
gk 12.0k3 o |--18k
2.0k 100k -2k
2.9k | | | | B0k ——r--2.2k
SO0k 100k 150k 200k 250k 30.0k 1 100 1k 10k 100k 1M
Rs (Ohm) -_@Jﬂl Frequency (Hz) -_@Jﬂl
h) R,Qin R-Q
h-1) Data display
L QinR-L [=] Empty Cell Cap. 1F
A B C o
I Frequency [Hz] Ls [Ohm] Q El
0 1000000 -0.000697 -0AT6648
1 794330 -0.001116 -0.531405
2 630960 -0.001636 -0.54019
3 501190 -0.002256 -0.519758
4 398110 -0.002955 -0.478526
5 316230 -0.003683 -0.425489
6 251190 -0.004345 -0.363274
7 199530 -0.004821 -0.20904
8 158430 -0.005211 -0.244892
4 3
h-2) graphic
E L Range ol -[ e0p E L Range o] ~[ 602
:{5}23;_ Selected l:l _2022_ ..r (L Selected _:zz:
450.0m+ ] Raw  [7.] O @) selected  [,7, ] 1 a50m
400.0m~ 50007, (i E.] -400m
250.0m- : . 000" (5) Raw [T | asom
T 300.0m- = g -1.0k§ Lt +—-300m &5
250.0m- .. -1.2k= - -250m
200.0m+ . 14k, o |-200m
150.0m-| '-. -1 ﬁké ... F ~150m
100.0m- T -1.8k- ™ :' -100m
50.0m+ 2.0k " -50m
0.0 [ ! ! ! '2-2k5| T B e o e e e i
-25k -20k  -15k -1.0k  -5000 00 1 10 100 1k 10k 100k 1M
Ls (H) B2l Frequency (Hz) B =l

2. Empty cell capacitance value

To get dielectric constant and modulus, you must input empty cell capacitance value
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L=

Batch
Empty Cell Cap. 88.5419fF <
B -

1 Z' [chm]
0 416918454

w 13 A1AnAS

C
Z" [Chm] E
-1388.024402

1A01 TANAT

Add Ttern

Figure 33.Empty cell capacitance value input

If you do not know empty cell capacitance value, click button located on the input
area then you can see “set geometry”

Click this button then you can see the following menu
— [=X=)

¢ Parallel Plate Model

. o

separation of d.

Simple gecmatric information is required to calculate empty
cell capacitance. Here, assume that dielectric is placed
between two conducting plates, each of area A and with &

Ares, A
Separation, d
10| mm

Figure 34.Parallel plate model parameter input

Area is electrode area(Unit is m?2)

Separation is the distance between two electrode (Unit is mm)

If you

capacitance will be displayed on value input.

3. Table

To see table menu, click right button of the mouse then menu will appear.

input two parameter value and click “OK” then the calculated empty -cell

Menu

Juency [Hz] |Z] [Chm] Phase [deg] E
1000000 10184.409022 -25.484731 Add e
794330 11870.769953 -27.986385
30 P
01 iWi Izmpegalnce, z
. ) s Zin .Dar
3116 Admittance, ¥
251 Y in Pelar ...
199!  Copy Table Medulus, M
15g/  Export To Excel M in Pelar ...
Select All El.ele;t:m Ceonstant, E
D Select Col n e
Select Row R, CinRJIC
7 Insert Row i (STEe
R, Lin R-L
Delete Row L, QinR-L
Reverse Table

Refine Data by ZHIT

Set Column Value...

Figure 35. Table menu

a) Copy

If you want to copy row or column of table, click title or index number or “select Co
or “Select Row” and select “copy”

Ill
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b)

<)

d)

e)

f)

g)

Frequency [Hz] Ls [Ohm] Q

0 1000000 -0.000697 -0.476648
e -0.001116 -0.531405
| fmmitance ¥ [gooiese -054019
-0.002256 -0.519758
Paste -0.002955 -0.478526
——— | 0003683 -0.425489
Copy Table -0.004345 -0.363274
Export To Excel -0.004821 -0.29904
Select Al -2 .
« | select col —
N Select Row = 4
R YN
Insert Row 55
[ T ey 220m
Delete Row 1) Selecte 500m
R selected  [7,] 1
Reverse Table — [ 4°0m
[ )] P 200m
Refine Data by ZHIT -
() Raw S:L—ssum
T Set Column Value.. ! 200m -

Figure 36. Row copy

A B
Frequency (M jmmittance 3
1] 10004
1 7043 Copy
2 6304 Paste
3 5011 Copy Table
4 3081
—  Export To Excel

5 3164
] 2511 Select All
7 1995 Select Col
8 1584  Select Row

Insert Row

&
Delete Row

007 =  Reverse Table 3
-200.0—— .
e Refine Data by ZHIT ]
-400.05—, .
-p
600074 Set Column Value...

Figure 37. Column copy

Paste (Needs License Code)
This function is to paste the copied valued on the table. If you do not have license
code, this will be inactive.

Copy Table
This command will copy entire table value.

Export to Excel
This function will transfer data to excel.

Insert Row
This will insert a new row above the current row. This can make generate new virtual
data point if required

Delete Row
This will delete data point.

Reverse Table
This will reverse data order. If you want to make the data set from high frequency to
low frequency when the data set has low frequency to high frequency order, you can do
reverse data order by select this function.
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h) Define Data by ZHIT
This will change the data by ZHIT function.

)

A

moycellcop | 1F)
B C

-~

Frequency [Hz] Z' [Chm] Z" [Ohm] E|
1] 1000000 9193 46582 -4382.05127
1 794330 10482.591797 -5570.498047
2 630960 12004.576172 -6484.753806
3 501190 13667.790039 -7103.943848
4 398110 15444 233398 -7390.461914
5 316230 17198.087891 -7317.597656
] 251180 18878.097656 -6857.927734
7 199530 20211.712891 -6044.102051
8 158490 21189.697266 -5189.188965 | «
1 2
B ”
B el o
140k~
Selected I:I .
12.0k-| Raw
-
10.0k-
— L]
£ a0k
8.0k- -
:C_). . * ® N -
" 6.0k = . .
- -
2.0k- * * .
L] ..
L]
2.0k~ :/
0.0 T T T T 1
5.0k 10.0k 15.0k 20.0k 25.0k 30.0k
z cohm) Ea e

Figure 38. Before(left) & after ZHIT(right)

i) Set Column Value
You can change the value of the user defined formula.
Click/select the column in which you want to change the data value and click right
button of mouse to see the menu.

Impedance, Z

Empty Cell Cap. 88.5419fF
B o

A c
Frequency [Hz] Z' [Ohm] 7" [Ohm]

0 100000 [ 24706825 | -3.245985
1 79433 [ 25194947 -3.36053
2 63006 | 2547212l Eoca
3 50119 75 06 I D
4 39811 2637 Copy
5 31623 2678  paste
6 25119 27.33
7 19953 2317 Copy Table
8 15849 B/IE  select Al

g Select Col

E Ran  SelectRow

2.8k~
2.2k
2.0k-|
1.8k-|

Delete Row

Reverse Table

Figure 39. Set column value

The “set co

A B C
Frequency [Hz] Z' [Ohm] Z" [Ohm]
0 1000000 9069.616454 -4323.016931
1 794330 10777.082938 -5726.897306
2 630960 12380.503148 -6691.313857
3 501190 14031.404637 -7288.058101
4 398110 15803.878446 -7570.478561
5 316230 17628.523916 -7485.218177
4] 251190 19304956946 -6991.49916
7 199530 | 20631.930503 -6217.072907
8 158490 21547 544453 -5277.405543

r

%)

Range [ 03] -[c0 5]

14.0k-

12.0k-

10.0k-

8.0k-|

-Z" (Chm)

6.0k

4.0k

2.0k

Selected El
Raw

0.0
5.0k

lumn value” menu will appear

% ZMAN - Set Column Value J—— [=x=]
Blil =
0 v i
|Aq: Frequency =]
Functions & Censtants B
7 pi [=]

From|

o] [

15!0k 20!0k 25!0k 30!0k
Z' (Ohm)

I
10.0k

1
35.0k

B 2w
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Figure 40. Set column value

If you want to change the polarity of column C (Z"), type C[i]*(-1);

+ IMAN - Set Column Value

—

=

B[] =

(CreD:

Cols
EiE3

1=l

Functions & Censtants

~| | absxy

=]

Figure 41. Input formula directly

If you click OK button column C data’s polarity will be changed.

+ |[CHZMAN Datatktus.ism

Impedance, Z Empty Cell Capacitance [4F |

A
Frequency [Hz]

1000000

795710

633150

503810

200880

318090

253820

201970

160710

L T e

«

B
7' [ohm]
575450243
718.614904
916.739329
114336733
1463029469
1917538524
2529.896238
3207.423592
4284.108906

C -

Z" [Ohm] @
2056.361182
2487199177
3021601152
3661.09623
4379.35749
5243381215
6260285019
7404.418089

858167399 -

_|| @ Nyquist Plot © Bode Plot

0.0

!

20k
-4.0k-{%
60k
-8.0k-| °,
-100k-| ®
120k *
-14.0k-|
-16.0k-| .

-z" (ohm)

-20.0k-|
-22.0k|
-24.0k-|

-18.0k-| *

sa\vefu [

Figure 42. Polarity changed data

If you want use predefined function, Use the following rule.

2] ZMAN - Set Column Value

=

=
i3

Vo

From|o

1| Tof
S

Figure 43. Select column parameter

Select column parameter which you will change for the selected.

Click @

2] ZMAN - Set Column Value

-— -

===)

cm=

From|o

| Tos3

[abstxy

Uk -

Functions & Constants

5]

Figure 44. Dragging variable for usage of functions.

If you want to use the abs(x) function, double click or drag the parameter which you
want to apply.
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2] ZMAN - Set Column Value e

an= Y s
fem R AT

' Funcions & Constans.

abs(x) [=]

From | Tof B
U [pLET. Bessellly,Z)
Bessell(v,2)
E Besselk(v.Z)
BesselV(v.2)
acos(x)
acosh()
acotx)
acothi)
@
asint)
asinh(x)
atant)
3 atan2(xy)
'V atanheg
betazw)
betai(ab)
ceil(x)
complexixy)
conj@) -

00 100k 2010k 300k 400k 500k 600k 70.0k
 ohm) R

Figure 45. Select function

Select function or constant and click @

2] ZMAN - Set Column Value ciggtng [===)
ci = v cols
abscciy A Ea—
Functions &

@ [

Romlo  BjTelss B

Figure 46. Set colum value result

Click OK button and the data will be recalculated.

C. Data Editing

If you want to modify the original data before analyzing, you can do it as follows.

1. Data region for analysis

You can use part of data for analysis

5=

D#ZMAN Data10-59-44-721 7%

[impedance, 2 ]| Empty cell Cap. 885419

A B C o
Frequency [Hz] Z 1ohm) 7" (ohm] El
0 10000 0.005037 0003578 1=
1 7742.63683 0.004941 0002809
2 5904.8425 0.004966 0002057
3 24641.58883 0.005004 0001502
4 3593.81366 0.004999 0.00106
5 27825594 0.005014 0000724
6 215443469 0.005036 0000439
7 1668.10054 0.00509 0000217
8 129154967 0.005108 907669656 ~
‘ '
[ ol
(ML e [0 -5
£.0m- =
o0 sected [7,]
5.0m *
. Ran
S 5|
4.0m- .
3.0m-
£ 20m 3 .
S : %
iy Lom f \
00 H
Lom 4
2.0m-| .
3.0m
4

om- T T T T T T
25m 50m 7.5m 10.0m 12.5m 15.0m 17.5m 20.0m

7' (ohm)

Figure 47.Preview

B

If you want to use positive data for Zimg, then zoom up the 0 point of Zimg by selecting

regional zoom function and dragging the mouse in the area to zoom up.
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1
om

.
HiE

Figure 48.Zoom menu

-2.5m-|

-38m

e e 0 sk

1.0m =

Selected [,7, ]

500.0u-| R[]
0.0
-500.0u
E aom

=2

o -Lsm

3.2m 40m 50m  &0m
Z' (Chm)

Figure 49.Zoom up

Place the mouse cursor on the graph and click right button of mouse then you can see the

70m  8o0m 90m

Eolokl]

sub menu. Select the cursor as follows

Range orl~| 60k

Selected El

ot

Goto I Dat.

Remove Bad Data

Rescale to Show All
Matching Scales

Export Image to Clipboard

ok 150k 200k 250k
Z' (Chm)

30,0k 35.0k

A 2/Em

Figure 50.Cursor mode selection

You can select data point near the 0 value of Zimg by dragging the cross hair cursor and
click right button of mouse.

140k~

12.0k+

7' (Ohm)

5.0k 10!0k 15!0|< 20!Ok 25!0I< SOTDk 35!0k

B 2wl
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Figure 51.Select data point by cursor mode

or click right button of mouse. Then click "Goto indexed data”

mmEs Range [ 0] ~[ 60l

14,0k~ :
iselected |7, ] ‘
12.0k~ Show »
10.0k- Goto Indexed Data
= Remove Bad Data
5 B.0k-
:C_J, . Rescale to Show All
N e ok- . ¢ Matching Scales
. Bring Cursor to Center
4.0k~ Go to Cursor
2.0k Export Image to Clipboard
O O e | A— ]

50k 100k 150k 200k 250k 300k 350k
Z (Ohm == PO
Figure 52.Cursor function

You can see the data point corresponding to the cursor location

|Impedance, z E“ Empty Cell Cap.
B C -

A
Frequency [Hz] Z' [Ohm] Z" [Chm]
31 | 794330017 ] 2325030957 -236.620831 |
32 630.960022 23266873396 -312.90085
33 501.190002 23296.095114 -382.616335
34 398.109985 23340050715 -443 652588
35 316.230011 23394106261 -515.264018

Figure 53.Cursor pointed data

The cursor pointed is the 31th data point in data list.
You can input 31 in the Range box instead of 0 if you want analysis for right part of
spectrum only.

™)

14.0k- ;
iSelected IZI
12.0k- {Raw L__|

10.0k-

8.0k

-Z" (Ohm)

6.0k~

4.0k-|

2.0k~

0.0 1 [ [ [ [ 1
50k 100k 150k 200k 250k 300k 350k

Z (ohm) ==k
Figure 54.Selected data region

Selected data will be displayed as blue colored. These data points will be used for analysis.

st
Click the AddItem jcon and the selected data set will be transferred to project section”C”
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File.. #Untitled1.zmp

L R e =]

5545_01

Ko

CHU DocumentsHC File. #5545 01 WDF
T —— —
|Impedance, Z | 1F|
e e E— 8atch
A 1 & -
Frequency [Hz] Z' [Ohm] Z" [ohm]
3 | 794330017 | 2325030957 | -236.620831
32 630960022  23266.873396 -312.90085
33 501190002 23206095114 -382616335
32 398109985  23340.050715 443652588 [
35 316230011  23394.106261 -515.264018
36 251190002 23460273466 -592.201906
37 199.520909 23536441812 -676.247367
38 158490005 23624915765 -767.781245
39 125900002 23724457185 -865.628600 -
< »
Range | 602
selected [, ]
]
E sok %
=) - o
f 7K
6.0k 3
5.0k =
.
a0k .
3.0k-| o
;
2.0k
1.0k-|
00 7 T i i | 1
50k 100k 150k 200k 250k 300k 350k
z (ohm) P

Figure 55. Transferring data set to project

You can see data preview by selecting file name at section “C” ‘s file name combo box or

click activated right arrow

 ZMAN - Untitled1 *
Flle oo Analysis Tools Help
Project [ Nyquist plot | Bode piot | Black-Nichols plot | Parameter Plot | 3D Plot

et on sy

CHUsErSHWSBANGHDOCUmENts#CoolMessenger File. #5545 01 WDF

x (1) 5545.01 =l

#UsersHWSBANGHDocumentswCoolMessenger File. #Untitied zmp

2423 01 WOF
2427 01 WOF Impedance, Z [=] Empty cell cap.| 1| |impedance, Z [=] Empty cell cap. 1
4§ 2741 01 WDF - Batch
2030.01 WOF A 8 € B D B c B
2myse Frequency [Hz] Z' [Ohm) 2" [Ohm] - Frequency [Hz]  Z_raw [Ohm] Z_raw [ohm] [
2my im_dummy.ism 31 [ 794330017] 2325030057  -236620831] P 07 704330017 2325030957  -236620831 ‘=
30mV_200mARng WDF 32 630060022 2326687339  -312.90085 1 630960022 23266873396 -31290085
3109 01 WOF 33 501100002 23206005114  -382616335 2 s01100002 23206005114  -382616335
S 34 39100985 23340050715 443652588 [2] 3 398100085 23340050715 443652588
gy e 35 316230011 23394106261  -515.264018 4 316230011 23394106261  -515264018
P Steypind 35 251190002 23460273466  -592.201906 S 251100002 23460273466  -502201906
301701 WOF 37 190520009 23536441812 -676247367 6 109520090 2353441812  -676247367
3958 01.WDF 38 158490005 23624915765  -767.781245 7 158430005 23624915765  -767.781245
g 4024 01 WDF 39 125000002 23724457185 -865.628609 8 125900002 23724457185 -865628609 -
4127 0LWDF « v ‘ i '
431101 WDF
4621 01WDF «=
e RlAE T (]
4947 016xt
2947 01WDF Raw
503301 WDF i 120k B [
5253 0LWDF 1106 ted [7o]
7]
S oF A 100k <
562101 WOF 50k
563401 WDF .
5643 01WDF £ 80k
S8 00w = § 70 .
5mV_200mARng WOF e . R 60k a
MAXLOWDF - . 5.0k-| =
_Bias 22 5.0k = .
= 4.0k . 20k f
s 3.0k-| s Al o
{Base Folder] 20k ; 20k
- CarUsersioWs._#Received Flles ]
(Current e b e
- CHUSETSHWSB. #5545 01 WOF 5 ; ponoes : : , ,
- odiffed: 2011-02-10 2 605 50k 100k 150k 200k 250k 300k 350k 20k 240k 260k 280k 300k 320k
- Stz 721Bytes Zonim) Lol Zohm [ _Felu]

Figure 56.Data preview in project

2. Delete Data points

If you want to delete bad data point(s) on original data before analysis, you can do it

using the following process.

To find bad data, zoom up by selecting the regional zoom function and dragging the

mouse on an area to zoom up.
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Figure 57.Zoom up

By cursor function, move the cross-hair cursor to the bad data
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Figure 58.Cross hair cursoron bad data

Click right button on graph and select "Remove bad data”
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Figure 59.Remove bad data

Now the bad data point was deleted
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Figure 60.Bad data was deleted

3. Extrapolation Bad data

If you want to change bad data as expected data using extrapolation, you must change
graph format as Bode plot at first.
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Figure 61.0ne point bad data on Bode plot

You can select bad data by cursor function and click right button of mouse. Then click
interpolate bad data.

=CE - R ™ 8 warge [ 07838
100.0m =200
100.0m 200 ] ¥
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2] - Raw 1] - Raw =1 |00
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Show » .
P
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€ il GotoIndexed Data € -...‘_'"“\_ A g
el ol <3 ",
% 10.0m- - Remove Bad Data = 100m] . LN K -s0
= ] PN epoice 8ad Data . A 00
o | Rescale to Show Al . *-..-\’_‘ o
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Figure 1.Interpolate bad data(before & after)

4. Editing Data points

If your data contains bad data points, you can change the point value
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Figure 62.Select bad data by cursor function

You can select bad data by cursor function and click right button of mouse. Then click “Go

to indexed data”

A B C
Frequency [Hz] Z' [Chm] Z" [Chm]
14 | 162440 | 88108 -23011]
129220 89782 -15761 E‘
102790 91482 -156.81
81762 938.83 -125.28
65038 953.04 -114.81
51735 960.96 -94.859
41153 964 56 -79.358
32735 097032 -65.033
26040 97347 -50.206
20713 9775 52451 ~
Range | 0% ~[ safz
Selected
B[]
a
o
a9,
oo o o

00_I T T T T T T T 1
00 20004000 6000 8000 1.0k 12k 14k 16k

7' (Ohm)

[ ek

Figure 63.Bad data value list

You can change the value of Zimg to -180.

Impedance, Z [=] Empty Cell Cap. 88.5419fF
A 8
Frequency [Hz] z [ohml
14 162440 881.08 "
15 129220 897.82
16 102790 91462
17 81762 938383 12528
18 65038 95304 -11481
19 51735 96096 -94.359
2 41153 96456 -79.358
2 32735 97032 -65.033
2 26040 97347 -59.206
2 20713 977.5 52451 -
Range 0~ 59
Selected
<[
450.0-
4000 R
E 3500 L = a
S 3000 8 .
Ry ° #
2500+ o P <
20004° a
150.0- o 2
1000~ g
o8
50.0- ¥
00;

Z' ©hm)

0.0 20‘1).0 406.0 50‘1).0 BOE).O 1.bk 1‘2k 1‘4k

HiEw

Figure 64.Data value changed
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You can delete or modify the bad data points on project section

D. Preview graph Menu

1. Nyquist Plot

If you want to see Nyquist plot, click D button. To view pop up menu, click right
button on plot region.

8
| e |0l | 56
30,0k s
.
2756 . o Selected [,
25.0k-| . ° | Raw
225k- - 2
200K
E 1756
=)
i\‘l 15.0k: .
oo
® .
s
Rescale te Show All ‘
Matching Scales

W!Ok EOTOK 100.0k

ohm) B
Figure 65. Nyquist pot

Export Image to Clipboard
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Figure 66. Nyquist plot cursor display

If you move mouse cursor to cross hair and click on it then you can see the point
information as the left side graph (point number and frequency) If you release the
mouse button, you can see the right side graph

At cursor mode, pop up menu is as the follows.

|
Show »

Goto Indexed Data

Remove Bad Data

Rescale to Show All
Matching Scales

Bring Cursor to Center
Go to Cursor

.-. Export Image to Clipboard

Figure 67. Pop up menu on Nyquist plot

Goto Indexed Data & Remove Bad Data is activated.
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b) Legend submenu
Only when pop up menu is displayed, you can move mouse cursor onto Legend. Then

<)

d)

e)

f)

g)

click right button of mouse.
Plot;mble ‘3-(

Commen Plots

|: Color

Line Style
Line Width
/ Anti-Aliased

- v v |BJ

Bar Plots

Fill Base Line
Interpolation
Point Style

7" [Oh
g

X Scale 3
¥ Scale 3

Export »

Figure 68. Legend submenu

You can change each line’s properties using this pop up menu.
You can refer to this function in Graph section.

Goto Indexed Data
This will do pointing on data table for cursor selected data on graph

Remove Bad data
You can delete cursor pointed data.

Rescale to show all
If the graph was zoomed up, it will initiate scale to see whole graph

30.0k-

5.0 N . Selected [T,
26.0k-| * o R [T
240k~ . 4
220k~
200k~
E 18.0k-]
G160k °
a0k e
120k
10.0k-| »
80k~ ¥
6.0k-|s .
40ke -
20k-f i
0.0-]

00 200k 400k 600k 800k 1000k
Z' (Ohm)

Figure 69. Rescale to show all in Nyquist

Matching scale
This will display X axis scale equally to Y axis scale.

B
] wrge | 0| 367
95.7k
90.0k-| Selected [, ]
80.0k~ Raw  [7]
70.0k-|
T 600k
IS
2 50,0k
R
40,0k
30.0k-| et .
200k- e o .
s .
10.0k-| I- \-
.
oo T T T T
00 20.0k 40.0k 60.0k 80.0k 1000k
7' (Ohm) HREm

Figure 70. Matching scale in Nyquist

Bring cursor to center

Cursor will move on the center position of the current view graph region.

38



h) Go to cursor
Graph will move to current cursor position as center.

i) Export image to clipboard
Copy graphic into clipboard to use in other application software such as Word, Excel

etc..

95.7k

90.0k-| Selected 7, ]
80.0k-| Row  [7]
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200 . o
mok—,-‘ 'svl
oo T T T T
00 200k 400k 600k 800k 1000k
2" (ohm)

Figure 71. Clipboard image

2. Bode Plot

g
If you want to see Bode plot, click h"r-l button. To view pop up menu, click right button
on plot region.

Same as Bode plot except matching scale.

a) Cursor
=S Range [ sH

100.0k 0.0
::-lm'..\. oo
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=]
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Figure 72. Bode Plot cursor display

Same function with Nyquist plot
Pop up menu on cursor mode is as the following.
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b)

<)

d)

f)
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E
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Rescale to Show All
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\.
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Figure 73. Pop up menu on Bode plot
Same function with Nyquist plot except Interpolate bad data function.

Legend submenu
Only when pop up menu is displayed, you can move mouse cursor onto Legend. Then
click right button of mouse.

o

Ling Syl 3
e v

Anti-Aliased

-

Ear Plats 3
Fil Base Line ¥
Interpalation b
Faint Style »
4
4

B3R ] T 30 aseifd

¥ Scale
¥ Scale

|
Figure 74. Legend submenu

You can change each line’s properties using this pop up menu.
You can refer to this function in Graph section.

Remove Bad data
You can delete cursor pointed data.

Interpolate Bad data
With this function, ZMAN changed cursor pointed data by interpolation with two data
points.

Rescale to show all
If the graph was zoomed up, it will initiate scale to see whole graph

Export image to clipboard

Copy graphic into clipboard to use in other application software such as Word, Excel
etc..
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Chapter 5 Project

A. How to Use the Project ("C” section)

ZMAN software was designed to handle impedance data file using a project concept. The
Project can contain several EIS data files and this project can be used for analysis of serial
measurement files or grouped data files. This can manage data files related among them by
control variables. For example, for the evaluation of properties of a battery, one may

measure impedance of the battery in its open circuit state. In such a case control variable is
OCV.

These data files sets can be saved as a project file with analysis result.

If you have already opened a project file (*.zmp), ZMAN automatically loads it in the Project
section"C".

B. Data file transfer to project
You can upload multiple files on project by the above process.
1. Add item

You can transfer data file on preview section to project section by clicking “Add item”
button.

FECIE E= I —
G#zmandatawktud.ism C:WZMAN DatawUntitled2 zmp
—— et Batch ==
[impedence, 2 [=] Empty cellcap.|  Basatse| § impedance z [=] Empty cell Cap i [e5]
A B g = A B c
Frequency [Hz) Z [ohm] Zom o agirem em x1 x

2000000 416918454 -1398.024402 ktu2
1591100 512.610045 -1681.740411
1265200 626047512  -1958.584561
1007100 772864936  -2365.451917
801220 1102715246 -2855.90533
637430 1366692752  -3428.146627

ktus
ks
ktul
ktu3
ktus.

Do W e
oooogm
0 ||

507130 1691192044  -4094.521348
403460 205714612 -4834.077816
320080 2571953398  -5712.328009 -

[ T N VA e
LRI I N VA=Y

* <[ i

Figure 76.Upload EIS data file

2. Batch transfer

You can transfer multiple data file to project section by clicking “batch” button or select
batch on file menu (short key: ctrl + B). When you click “batch” button, you can select
multiple data files. If these files need text file importing function, these function will do
sequentially.

3. Merge

You can merge other project file into current project without clearing the project. This
function can be done by selecting Merge in File menu.
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If you select other project file directly, current project will be cleared.

4. File part transfer to project

If your data file have cyclic impedance data then you can break down each impedance using
data region transferring.

Empty el Cap 5352107

A B C

Frequency [Hz] Z' [Ohm] Z" [Ohm] @
0" 4999.999999 0.004054 0.001059
1 3871.31841 0.004103 0.00062
2 2997421251 0004199 0.000447
3 2320.794417 0.004171 0.000258
4 1796.90683 0004162 3861618E-5
5 1381.2797 0.004276 -8.065733E-5
6 1077.217344 0.004367 -0.000253
7 834050269 0.004408 -0.00039
8 645774333 0.004512 -0.000485 «

“

r
B e [ 0| 7]

200m . ® _Se\ected D

. Ray l:l

-5.0m- T T T 7 |
00  250m 500m  750m  100.0m 120.0m

Z' (ohm) B
Figure 77.Data file containing multiple EIS data set

You can check how many data points included in one EIS data set on data list.
And input each data set’s range.

2

B Fie s el
E_F range | 0F-[ 8E [ e e el
45.0m- [ClETCIP—. ) EEEEE m=——=
Selected [ =] |ttt amp S 22 prrr——p—
40.0m -] impesance.z (=] empty cell Cap.[ mmx\ (= impedance =] emety col Cap
Rav [ et el sl Sl
i o lmmmm omus oo o aswmmsm . o
35.0m 1 7131841 0004103 000062 1 525 amp0-5-221 1 0
e o v :
30.0m-| 2 usesess oo0eie  3setsises s
PR e o i e : i
= 7 834050269 0004408 000039 7
E 250m- Domms o lm A :
[S) < . s a
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0.0 250m  50.0m  75.0m  100.0m 1200m || eiieieesis seie 00 2tm sobm 7som _tooom1zoom

Figure 78.Data transfer by splitting.
You can transfer each data set to project.
C. External parameter setting

1. Parameter value input

a) Manual input
If you did upload multiple files, you can input values, at X1, X2, X3, such as temperature
value, voltage value, distance value etc. for use in a parameter plot. To input a value, click
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on the required cell and input the value as shown above.
You can move the cell by using arrow keys.

DIWZMAN Datatscap_cellGtotal zmp

Impedance, 7 ~| Empty Cell Cap. 1 |83
A 8 c =
Item Volt(oCV) X
0 141057731 6 3 (e
1 145420731 1 3
2 172120731 14 3
3 17-06-32-731 7] 3
4 141057741 6 a
5 145420741 1 a
6 172120741 14 a
7 17-06-32-241 17 4
8  14-10-57-251 6 5 -
< i ] '

Es" CR R @

Figure 79.Parameter editing

b) Using formula editing
If you data has rule for external parameter, you can use “set column value”.

For example, your EIS data set was acquired by 50mV interval from 800mV, you can use
the following formula instead of input each value by manually.

Impedance, Z ~| Empty Cell Cap. IF| &S

A B

ftam X1
J0.8-3_0047_04 1
J0.8-3 0047 04 2
J0.8-3 0047 04 3
J0.8-3_0047_04 4
J0.8-3_0047_04 5
/0.8-3.0047_04 6
J0.8-3_0047 04 7
J0.8-3_0047_04.8
J0.8-3_0047_04 9

Pl m 1 .

Figure 80.Formula editing for parameter input

Copy

Copy Table

Select All
Select Col
Select Row

Set Column Value.

[ A =]
[=lR=]E=1E=]k=](E=]/E=] k=) =]

Click right button of mouse on B column and select Set column value then the following
window will appear.

+ ZMAN - Set Column Value ol ==
Blil = "
" Cols
0.8+0.05% 1
e [s]
Functicns & Censtants
= |pi =]
fl From|  oR Tof 99 12
uca |

,

Figure 81.Formula input on Set column value

Input 0.8+0.05*i and click OK button then X1 column value will be changed automatically..

Impedance, Z ~| Empty Cell Cap. 1IF| | &3

A B C -
ftem X1 X2 @
0 /0.8-3.0047041 0.8 o
1 /0.8-3.0047_042 0.85 o
2 /0.8-3.0047_043 09 o
3 /0.8-3.0047 04 4 0.95 ]
4 /0.8-3.0047 045 1 ]
5 /0.8-3.0047 04 6 1.05 o
6 /0.8-3.0047 047 11 0
7 /0.8-3.0047 048 115 0
8 /0.8-3.0047 049 12 [l
< m | 3
— —

Figure 82.Parameter input result by set column value function
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2. Parameter name

Also you can define (name) parameters (X1, X2, and X3) by clicking “Edit item” icon

in “C"” section such as Voltage(mV) or Time(sec) etc.

¢ Edit Trems E
Items Control Parameters
caincell50mV0 83 0047 04 1 | a | First )
coincell50mV0.8-3_0047_04 2 [mv )

HEER
HE!
g

coincell30mVv0.8-3 0047 04 3
coincell50mV0.8-3_0047 04 4

0

1

2

3 Second
4 coincell50mV0.8-3_0047_04_5

3

6

i

8

9

|x2 |
coincell50mV0.8-3 0047 04 6
coincell50mVe.8-3_0047 04 7
coincell50mV0.8-3_0047_04_8
coincell50mVv0.8-3_0047 04 9
coincell50mV0 8-3_0047 04 10 -

Rename

[coincelisomvo.5-3 0047 04 1 J

[

Figure 83. Labeling Control Parameters

If you change parameter name, these name will be used for parameter plot or 3D plot.

D. Data file order change

1. Manual order change

For series fitting and data display for 3D plot, you need file order adjustment.

If you want to change the order of files of the list, Select one file name in the item list and

click up or down icon to move to wanted location.

Fis ; — o —
%+ Edit Items. E
Ttems. Control Parameters
0 coincell50mV0.8-3_0047 04 1 2 n First .
1 coincell50mV0.8-3_0047_04_2 ;| | mv \
2 coincellSOmV0.3-3_0047_04 3 I
3 Second
i—
5
I 6 coincellS0mV0.8-3.0047 04 7 2 Third
7 coincell50mV0.8-3_0047_04. 8 %3
| 8 coincell50mVv0.8-3 0047 04 9
9 coincell50mVv0.8-3_0047_04 10 - m
|
Rename
| coincell50mVv0.8-3.0047_04 5 |
=

Figure 84. Edit item
2. Sorting

A
You can sort by file name by clicking button

3. Reverse ordering

You can change item order reversely by clicking
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When you want to analyse sequential data set then last measurement result was located as
last one. The equivalent model for last data can be applied to other data set by using this

function. These result will effecton 3D graph and sequential fitting.

Open data file directly

1. Project file reading

You may open the project file(file extension: zmp) by clicking folder icon at “C”

section or double click project file at file browser (section “A")
In this case current folder’s data will be cleared.

The project has been modified. Do you wish to save it before closing?

Yes 4 Mo

Figure 85. Warning message

2. EIS data file reading
Open EIS data file from target folder.

Teols Help
Nyquist Plot Bode Plot Black-Michels Plot | Parameter Plot 3D Plot
[ Refresh on Startup| ﬁl 6@
| CWZIVE DATAR144815_01.SE0
Impedance, Z v | Empty Cell Cap. 1F $ Batch
A B C ~
Frequency [Hz] Z' [Chm] Z" [chm]
o’ 1000000 1572636 -130.427658 Add ltem
1 954930 1.742193 -136.794113

Click red boxed icon and select EIS data file format

WonATech (’;.5dE;*.&ED;*.wdf;*.wis;*_z#j
Text (*.csv:* dat* tut)
Cthers (% crv* dfr* dta>idf ids; ism;*. izc . mpr;*.mpt* peisdata;* )

If the EIS data file is on experiment, you can click blue boxed icon to update the data file.

3. Multiple EIS data file reading

If your EIS data file contains multiple multiple impedance data set by cycling such as WDF
file(wonatech WEIS data file). SEO/SDE (wonatech SM data file), IDS(Ivium data file), It

can be directly transfer set of data to project region(section”C")
When you did double click on those data file then following message box will appear

There are 11 DataSet in "50mseg4638_01.wdf"
Do you want to add them to project?

EWes ] [ No |

Figure 86.Multiple data set WonATech WDF/SEQ/SDE file or Ivium IDS file opening

If you click Yes button, all set of data will transfer to project.
These files will be added to current project file configuration.
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If you want one EIS data set in multiple EIS data set, click "NO”, then you can select EIS
data set which you want.

it Select Data EX

Open Data
1st Data Set ~
2nd Data Set
3rd Data Set

5th Data Set

6th Data Set

7th Data Set

8th Data Set

9th Data Set

10th Data Set v

F. Data preview on Project

If you want to preview data file from project, click index number for the data file name on
item list or select file name on combo box.

Data preview function is same as in Preview section. You can refer to chapter4 Preview data
file.

1. File selection to preview

5 5fp) e :

Ttem List
CHIMAN Data#Untitled2.zmp el Inormation

e o] ot
Iy (2) ktus
Frequengy () 2 ) ke

2000000 @ ktut
1591100 ) ktu3
1265900 ) kiut
1007100 56270633 2662401694

801220 974385467 -3277.170868
637430 1003808740  -3046.864952
507130 1383248007  -4803.575251
203460 1791893332 -5860.461952
320080 2200330151 7088500385 -
‘ i, D

s )«

30,0k s
28.0k-| U . Raw [
26 0k ¢ . ited [T

Figure 87.Select file name on combo box

@ uo W o

Or double click the index number on item list.
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Figure 88. Select file name on item list

Then you can see preview for the data file as Nyquist, Bode, Black Nichols, Parameter
value and model pictorial with data list

You can also change the preview file using arrow key

2. Preview type selection

= =
|2 (2) kw2 = = ) k2 I«
F#¥zmandatawhan.zmp Fi#¥zmandatashan zmp Fzmandata#hanzmp
[impedance, 2 =] empty cell czp.| [tmpedsnce, Z [=] Empty cell cap.| iF| Impedance, 7 [=]] Empty Cell Cap.| 1F]
A 8 c - e B c = A 8 [ B
Frequency [He) | Z_raw [Oh] | Zraw (ORI [ig Frequency [Rzl  ZLraw [OhmI Z'rew [Ohm] [ | Fequency HA | Ziaw(Ofim] | Z'raw 0hml (3
0" 2000000 204140010 -1480.357502 o’ 2000000 204140018 -1480.257502 2000000 204140019  -1489257592 |
1 1591100 34469003  -1827.298824 1 1591100 34469003  -1827.208844 1591100 34469093  -1827.298844
2 1265900 450999996 -2193.294348 2 1265900 450999996  -2193.294348 1265900 450.999996  -2195.204348
3 1007100 56270633  -26624016%4 e 1007100 56270633  -2662.401604 1007100 56270833 -2662401684
4 801220 874385467  -3277.170868 4 801220 874385467  -3277.170868 801220 874385467 -3277.170868
5 637430 1093808749 -3946.864952 5 637430 1093808749 -3946.864952 637430 1093808749 -3946.854952
3 507130 1383248007  -4803.575251 3 507130 1383248007  -4803.575251 507130 1383.248007 4803575251
7 403460 1791893332  -5860461952 7 403460 1791893332  -5860.461952 403450  1791.803331  -5860.461952
] 320080 2200330151 7082500385 - 3 320980 2200339151  -7088.509385 320980 2200339151  -7088509385 -
i ] » | —— ’ >
32.5k 1000k = . 00
30,0k i Raw  [7,] %2 03 emene | .
275k - =, Fitted |
25.0k-| = LY | --20.0
225k i A | | Lsiis
E 20.0k] * | £ =2
s [ . . % 400
5 8 | = 100k t =
fi 150k 4 = p | 500 &
v | -
L& | --60:0
. g |
75k-{e 1. ‘ 700
) 3
5.0k s b
250§ ‘ |
0.0~ U : ; . | 10Ky 900 10k : . H ;
00 20k 400k 60Ok 800k 1600k 110 100 ik 10k 100k 1M 10M 1000 800 600 400 200 00
Z (Ohm) Bem| Frequency [Hz] Bl Phase (Deg] B el

Figure 89. Preview graphics on Project (Nyquist,Bode,Black Nichols plot)
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| [@ k2 =
Fizmandata#han.zmp —
mp
[impedance, Z =] Empty cell Cap.| |
= = - — | =] Empty Cell Cap.| 1|
| Frequency 2] Zaw(Ohml  Z'paw[ohm] 2] vy y = =
0 2000000 204140018 -1430257382 Frequensy (Kl Zirew (Ohml  Ziraw (Ohml o)
X LA, il M L ) 0 2000000 204140019 -1489.257592
2 1265000 450.999996  -2193294348 1 S e
3 1007100 6270633  -2662.401684
4 801220 874385467  -3277.170868 2 La65%00 Aseee| Aluanidn
5 637430 1003808740  -3046.364952 * o ot )
: Giim 1 | R 4 801220 874385467  -3277.170868
5 B e I g 5 637430 1093808749  -3946.864952
= 0880 2200339151 7083508385 6 S07130 1383243007  -4803575251
% = | 5 7 403450 1791893332  -5860.461952
8 320980 2000339151 7088509385 +
= e s :
Best Fitted Model - RIJL-Re-R1[Q1-Q2|R2-Li[R)) EB
B [« - =
Pacameter Value Error
[ Rl 1240407574 o
1 L 1335058517 o
2 Rs 263281868 o |d
3 RL 7580015738 o
4 Q1 546176E-10 o
5 Qa1 0853463 o
6 Q2 584947856 o
7 Qa2 0929374 o
8 R2 180120206974 o
9 L 40022.179531 °
10 R 1963334E5 o
1
2
13 2
« »

Figure 90. Preview parameterinfo & model pictorial

G. Data Editing on Project

You can delete or modify the bad data on project section. Refer to Preview section regarding
to data editing.

|1mpedance, 7 =] Empty cell cap.| 1F |

A B C -

L Frequency [Hz] Z'_raw [Ohm] Z"_raw [Chm] ‘g‘

] 100000 24785654 -294051 —
1 79433 25154217 -3142651
2 63096 25463173 -3.199673
3 50119 25893179 -3544918
4 39811 26.35416 -3.659864
5 31623 26.737837 -4.212335
6 25119 27.298637 -4.63085
7 19953 27.944688 -5.009768

8 15849 28505331 -5558597 -
»

'y
£ Gote Indexed Data
5 LBk % move Bad Data
B 15k . Rescale to Show All
1.3k~ s Matching Scales
.
1.0k~ i Bring Cursor to Center
750.0-| & Go to Cursor
500.0-| .'. Export Image to Clipboard
250.0-|
0.0- T T T T i
0.0 1.0k 2.0k 3.0k 40k 5.0k
z o B

Figure 91. Data editing on project
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Chapter 6 Data analysis

A. Kramers-Kronig Consistency

& Tools Help

——]

Modeling...

Circular Fit...
ke
— Model Subtraction...

Mot-Schotty Fi

mlE dp{  Semiconductor ¢V,

Figure 92.KK Consistency menu

1. Kramers-Kronig relation
The validity of Complex Impedance data may be checked by the Kramers-Kronig Relation.

The Kramers-Kronig Relation is given by the following.

Z" to Z' Transform:

. - 2 > XZ"(X) - aZ"(w)
Z(w)_Z(oo)+7—Tj0 7 dx

Z'to Z" Transform:

In order to perform the calculation, ZMAN first interpolates impedance data with points
equally spaced in the frequency domain. After that, the interpolated data is calculated by
Maclaurin’s series method.
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K Consistoncy W . SR— W—

(2) 2ndsample-test

| [ ow
,

| Mode

Il

| &

KK- Interpolation Density

[ low(astesy  [v]

| Export Data to Clipboard.

50 100 150 200 250 300 350

Z [ohm]

400 450 500

24

Phase

100.0m-; :
10m 100m 1

10 1
Freq [Hz]

Figure 93.KK consistency menu

2. Data File Selection

Select a data file analyzed in the Filenames Box. If you want to analyze all data in the

project, select one on the following option

3. Mode Selection

Mode

BLEX 56

@)z ->2"

e T

e
@) andsamplsest

ode

Bk 6l

. trtston ey
v =]

Time taken
| Qenor

oot Dat o Cipbourd

20!

(b) 2" ->Z

Rk Consistancy I

[
@) ndsamplesst

e
EVEdE]
"

30
2 onm)

500 &0

it i) =]

Tims ke

05| Qe
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(c) 2"<>2Z

% KK Consistency W

N - [ |
20
@ andsample-est oo B
o KK Interpolated
16.0- N
10
E1o ooe
S 100 ey
W oo f,;f“
ad 60-
I Calculste | CIAI a0 &
h 2047
I
I| mode 00 ; | |
I 00 150 200 Mo a0 N 0 e
3 3 o
| EvEdEd o
Balta)
KK- Interpolation Density
Highest (Slowest) (=] 1000
Time tsken
sdsts| Qeror
100
10
1om 100m 1
| [Epoross o dipons
5 KeConsisteny WP RN - - o) |
ndsample-test i Raw Data
) 2ndsample-test 5 [N)

500 0 700 300

]

i

,

4. Calculate

Click Calculate. After calculation if there is error, error color will change to red.
Calculation time will be displayed.

Calculate 1Al

Time taken
1.108s | @eror

Figure 94. Calculated result

5. Graph

There are Nyquist plot and Bode plot to show KK consistency result.
To view pop up menu for graph, click right mouse on graph region.

Rescale to Show All
Matching Scales

Bring Cursor to Center
Go to Cursor

Export Image to Clipboard '



To view pop up menu for graph, click right mouse on graph region.

Rescale to Show All

- Matching Scales

Bring Cursor to Center
Go to Cursor

Export Image to Clipboard .

Figure 95. Nyquist plot pop up menu
—_—

-
Reccale to Show All

Bring Curser to Center
Go to Cursor

Export Image to Clipboard

Figure 96.Bode plot pop up menu

7. Check Validity

After completion of the calculation, you may check the validity of your impedance data by
comparing data and result in the Nyquist Plot and Bode Diagram. The difference between
both is shown in the Error Graph, where AZ and APhase is calculated by the following

equations:

ZKK

AZ[dB]=- 20log

raw

+ KK Consistency

and APhase[dec]l=¢ Z .«

e ZraW

o

(1) 18-37-04-731 <
@k
225k
20,0k
175k
A
— 150k 2
£ : “
5 125k -
N 10,0k
| = 7.5k
S0k & e
Calculate Elal _ﬁ‘éoﬂ @
25k 3
W
Interpolation Density 00 T 0 T T T T T T T T T T
= o & 00 S0k 100k 150k 200k 250k 300k 350k 400k 450k 50.0k 5500 626k

Z [ohm]

[ ]
[ 21ms| A@eror Ve L
a5

i Residue of 2] [ 74 ] jz
35} DeliaPhase [ 7, ] s
30 5
E > 2
o 20-] 10 8
5 15 s 2
2 10 ‘ s 5
8 s &
- I P P H]l F
- T P il I
LT e
-15 T T T T T 3
il 10 100 1k 10k 100k M
Frequency [Hz] R

Figure 97.KK consistency error diagram

8. Export data to clipboard

When you click “Export data to clipboard” button, KK consistency calculation result will be

copied to clipboard.
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No Freq

1
2
3
4
5
6

7

1.000000E+5
7.966400E+4
6.346400E+4
5.055800E+4
4.027700E+4
3.208700E+4
2.556200E+4

(1) test:Zre (1) test:Zim (1) test:Zre_ KK

2.808200E-1-2.313100E-1
2.960400E-1-2.904600E-1
3.148200E-1-3.605700E-1
3.399400E-1-4.441200E-1
3.834000E-1-5.400800E- 1
4.237600E-1-6.569200E-1
4.763600E-1-7.950800E-1

(1) test:Zim_KK

2.808200E-1-6.155044E+0
2.960400E-1-6.186682E+0
3.148200E-1-6.224946E+0
3.399400E-1-6.275004E+0
3.834000E-1-6.326873E+0
4.237600E-1-6.389897E+0
4.763600E-1-6.468079E+0

When you click OK button, KK consistency result will be applied on project. If you click

“Cancel” button, result will be discarded
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B. Modeling

In order to fit your EIS data to equivalent circuit, Enter to Modeling Menu..

ot Tools Help
Project KK Consistency... ]

Circular Fit..

Model Subtraction...

1 21% Moti-Schottoy Fit
L4y 221 Semiconducto
&l 247TOTWDE

Figure 98. Modeling menu selection

Tewbaa [2]
sesited [7,]

| v.--.‘.\
1000m 2000m 3000m 4000m 5000m 600.0m 700.0m 8000m S000mM 10 11

Z [ohm] Hge

Figure 99. Modeling

1. Select data

If your project has multiple EIS data set, From the left-upper list box, select the data that
you want to fit.

Figure 100. Data selection

When you click the data set name, Nyquist plot and Bode plot will be displayed at right
side.

55



2. Search Model

When you are uncertain as to which model best fits the data, click search model
button. You can quickly and easily search available models that best fit the data.
See "Automatic Model Search” for details. This step may be skipped.

3. Select Model

You can select model directly from model editor or by input equivalent circuit symbol.

a) From Model editor

Click Select Model button in order to select an equivalent circuit to be applied to
the data. See “Equivalent Circuit Model editor” for details.

You can select model in model library. Each library has same model with different
initial parameter values. If you selected one model in equivalent circuit model editor

by clicking button, its initial value in the model will transferred to

Modeling window

b) Direct Input Model symbol
You can input Symbol in model input combo box as same rule in model editor.

d

If you did not complete it, following error message will appear.

Figure 101. Symbol input box

Missing Element Unbalanced Right Parenthesis Missing Right Parenthesis

Figure 102. Error message box
You can add this model into model library by clicking right mouse button on model

P ] [ T [ 1
AT Doff 00  10M 20M 30M 40M 5
Re-Q1-Q2JR1

COMCRETE

BATTERY & SUPERCAPACITOR l

Free Name Value Error ~
& R 13935 a2k CONDUCTING POLYMER
Qi 116550 9.883m 10008 CORROSION COATING
@ Qa1 650453m 60413 . ECHEM
@ Qy2 53.052n  280.63%n : FUEL CELL
@ Qa2 976.112m 3.038 0@ METAL ELECTRODE
@ Ri 13.282M  205.336M OXIDE
SEMICONDUCTOR & SOLAR CELL
- 1000 sensor Il
= op  SPECAL
TEMP
v . TEMPLATE
(1) 20.80 ~ USER

Qurraccfully Finichad - 1 Rannde =

This model will be saved on target library with fitting value as initial value.

See “Equivalent Circuit Model editor” for details
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c) Select Model in combo box.

You can select model list on combo box. The listed models are from libraries.

Rs-RIQ
Rs-RIQ-W

Rs-(R1-L1)|((R2|C1)-(R3]|C2))

Rs-R1|Q1-R2|Q2|(R3-L)

H [Famiry
Ls-Rs-RIQ i
Q1[R1-Q2|(R2-C1[R3) }
Rs-(L1-RI)R|C

-

Figure 103. Model selecting combo box

4. Data sequence and Weighting

Select a data sequence and a weighting method.

a) Data sequence

b)

You can select data set which will be used to fit.

Data Sequence
Weighting Factor | &4
Bisquare

t-(RL-L1)[((R2|C1)

Name Wi
Rs
R1
L1
R2
c1
R3
c2

1= 1= =) =) ) g

4) ktud

uncticn Evaluated
‘educed Chi-sgr =
! square = -0.2651|
Jegree of Freedom

Z: Real

Z: Imag

Z: Mag & Phase
Z: Mag

Z: Phase n
'¥: Real & Imag
'¥: Real

¥ Imag

¥: Mag & Phase
¥: Mag

¥: Phase

M: Real & Imag
M: Real B
M: Imag

M: Mag & Phase
M: Mag

M: Phase

E: Real & Imag
E: Real -

m

Figure 104. Data sequence selecting

Default data set is Zreal and Zimg for Nyquist plot

You can change other data set following data characteristics to get more accurate
fitting result

Weighting

You can select weight factor on fitting process.

Factor

Default is modulus to data.

Weighting Factor | Modulus to Data |E||

Bisquare

Unity

ts-(R1-L1)|((R2|C1) Proportional to Data

 Modulus to Data

Figure 105. Weighting factor

The aim of Least Square Fitting is to find a set of parameters F which minimize the

quantity
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X =) il —x(5:)]

called the "chi-square”.

1. Selection of Data Sequence
A. For “Z: Real & Imag” Data Sequence:
Xi = { Zr[0], Zr[1], Zr[2], ... Zr[Ns-1], Zi[0], Zi[1], ... Zi[Ns-1] }

B. For “Z: Real” Data Sequence:
Xi = { Zr[0], Zr[1], Zr[2], ... Zr[Ns-1] }

C. For “Z: Mag & Phase” Data Sequence:
Xi = { 1Z[O]l, 1Z[1]1], 1Z[2]l, ... IZ[Ns-1]|, ®[O], @[1], ... @[Ns-1] }

D. For “Y: Real & Imag” Data Sequence:
Xi = { Yr[0], Yr[1], Yr[2], ... Yr[Ns-1], Yi[O], Yi[1], ... Yi[Ns-1] }

E. and so on

2. Selection of Weighting Factor w; = lfr.;r" is calculated from the uncertainty (agi) of t

1
he i-th data point..
A. “Unity” : no weighting.

l:l'i=1

B. “Proportional” : the uncertainty of the real component of the data is proporti
onal to its magnitude, and the uncertainty of the imaginary component is pr
oportional to its magnitude

o; = { Zr[0], Zr[1], ... Zr[Ns-1], Zi[0], Zi[1], ... , Zi[Ns-1] } for“Z: Real & Imag”
o; = { Zr[0], Zr[1], ... Zr[Ns-1] } for“Z: Real”

o, = { Zr[0], Zr[1], ... Zr[Ns-1], Zi[0], Zi[1], ..., Zi[Ns-1] } for“Z: Mag & Phase”
oi = { Yr[0], Yr[1], ... Yr[Ns-1], Yi[O], Yi[1], ... , Yi[Ns-1] } for “Y: Real & Imag”
*1
and so on...

C. "“Modulus to Data” : the uncertainty of the each data is proportional to its
modulus.
o, = { |Z[O]l, |1Z[1]1l, ... |Z[Ns-11{, 1Z[0O]l, |Z[1]l, ..., |Z[Ns-1]| } for “Z: Real &
Imag”

o, = { |Z[0]], |Z[11l, ... IZ[Ns-1]] } for“Z: Real”

o= { |Z[0]l, 1Z[1]], ... [Z[Ns-1]], |1Z[O]|, |Z[1]l, ... , [Z[Ns-1]| } for “Z: Mag &
Phase”

o, = { |Y[O1l, IY[1]1l, ... IY[Ns-11], IY[O1l, IY[1]l, ..., IY[Ns-1]| } for “Y: Real &

" o*q

Imag
and so on...

*1 I have designed the ZMAN according to a rule that bigger Z, bigger uncertainty.
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However, please note that this is not valid for Y, E data sequence in current ZMAN

version.

5. Model Parameters

Free Mame Value Error -
Rs 100 -
R1 100 -
L1 10n -
R2 100 -
c1 im -
R3 100 -
c2 im -
-

Figure 106. Model parameter window

You can modify model parameters value to use as initial values of fitting process.
When you input value, Nyquist plot and bode

following this value.

 Modeling *
1) ktul - 25.0k~

(2) ktu2 i RawDsta [ 7. ]
(3) ktu3 = Best Fitted
20,0k
(5) ktus
6) kius =
4 15.0k
B 15k
1 R~ 100k
min -
S0k - 3
Data Sequence 3 Im e iz"fu°°°°°ﬂ 5 En
Weighting Factor |Modulus to Data [=]| il hY
EEne ion 00 50k 100k 150k 200k 250k 300k 350k 400k 450k 500Kk SSOk 600K
Q1|R1-Q2|(R2-C1|R3) /7I| 7' [ohm] SRl
=
B ot 1.09en -
100.0k~ = TeesaeRees 0.0
Qal 815.901m - ] BT S eRral Fi] 5 af
=i ] . ..
Lﬂ? glyz = ] 1 L - BestFitted [~ ] [100
el u = i Y s,
@ Qa2 841607m = i H e Phase [ Lsos
R2 326.706k - | o -Bestpited [T,
m e 2280633 = . S 300
& R3 31,442k = _ o tely, i =
1l 100k T e : -400 8
i 5002
. o
ol
@) kaa - ., -60.0
Function Evalusted E P
Reduced Chi-sar = 0.251385 S ') 700
R square = 0.252824 s
Degree of Freedom = 107 L ey o e e e e
1 10 100 1k 10k 100k M 10M
e et e Freq [z HE |
st cipane

Figure 107. Parameter input result

6. Initial guessing

[=]&]

There are 3 initial guessing method.

a) Direct parameter value input

b) Simple circular initial guessing
c) Geneticalgorithm initial guessing

For details See "Automatic Model Search”

plot display(fitting curve) will be changed
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7. Fit Data

10

1
Click Fit Data one round minimize or 10 round minimize mins

parameters to the model. You can do fitting with 3 options

to fit model

¢ || minge || This 'em  [=]|
J/ This Itemn

All
or |Mod  sequential

—

Z. R

Figur-e 108. Fitting option
a) This item: With this option ZMAN will do fitting for only selected file.
b) All: With this option, ZMAN will do fitting based on parameters current values.

Also this can be used for initial guessing for all data.
c) Sequential: With this option, The fitting process will done sequentially data by data.
After fitting routine is finished, you may compare the best-fitted data against raw data in
Nyquist Plot and Bode Diagram. Check All TRUE to fit parameters of impedance series.
ZMAN automatically use best-fitted parameters as initial values to fit the next impedance
data set. So you need to locate data set in order as changing control test conditions such
as time, voltage etc.
You can change file location order in project tab’s edit items.

} Edit ltems - pa—_— [=2=)

Items Control Parameters

T W First

1 kw2 |xt |

2 ks . )
(2

4 ktus 1x2 J

5 ks 3

X Third
Rename
ktua
=]

Figure 109. File location order change

Note: If you use series fitting using check on DA”, Fitting process will use 1st
data’s model with its parameter setting in fixed or free for all other data sets
even if you selected other model for other data set.

In Error Graph, AZ and APhase is calculated by the following equations:

Z '
AZ[dB]=_20|Og Bea;l:ltted and APha'%[deg]zgo ZBaFitted - Zraw

Zraw
:7 Residue of (2] m ::
2 Delta|Phase m S
o
-1
® f: RN XT1 PA———T3 A R f : I_J o g
= s00md i
sl Ll oo 111 ]
2 _soom, 1l SYINIIE IHH N 5
- M
N
-2 ]
-2 -6
] o %0 X o 00k By o

Frequency THz1

Figure 110. Error graph
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“]'n ;: E

El

-

Figure 111. Model fitting result

You can view the equivalent circuit model by clicking “PIC"” button.
Left bottom side information is fitting result. If you see “Singular matrix...”, fix the
parameter in model by check out “Free” section and do fitting again.

8. Bisquare option

Check on Bisquare option, you will get more accurate result but it takes more time.

9. Parameter free/fix

Only free parameters will be used for fitting. If some parameter(s) are set as fixed, those
parameter will not be used for fitting process.
There are two free condition by fitting value range

a) Positive value acceptable only
ZMAN will fit the parameter value within positive value. If you set this one, free mark
will be H

b) All value including negative acceptable
ZMAN will fit the parameter value with all value. If you set this one, free mark will be

If parameter was fixed free mark will be

You can set all parameter as positive value only or all parameter by clicking right

mouse button on “Free” characters then following pop up menu will appear.
. 1 -

Make All Parameters Free
Make All Parameters Free(Positive only)

[ Copy to Clipboard

Figure 112. Free option pop up menu

You can change free status per parameter by click this mark then mark will be
> =P TP
changed by every clicking. (]

If you select copy to clipboard, each parameter’s setting information will copied to
clipboard as;
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Free,Rs,100,-
Free(+),R1,100,-
Fixed,C1,0.001,-
Free,R2,100,-
Free, C2,0.001,-
Free,R3,100,-
Free,C3,0.001,-

10. Fitting history information

Every fitting process will be logged and displayed at left bottom side
11 -
Function Evaluated = 10
Reduced Chi-sgr = 0.530671

R square = -0.038813
Degree of Freedom = 113

Initial Guessed - Circular Fit

Flomemed Timen s

Export Data to Clipboard

Figure 113. Fitting history information

a) Initial guessing log.
If you do initial guessing, following information will be logged.

« Simple circular
(1) 1
Function Evaluated
Reduced Chi-sqr = 0.530671
R square = -0.038813
Degree of Freedom = 113

Initial Guessed - Circular Fit
Elapsed Time = 0 ms

e Genetic algorithm
(1)1
Function Evaluated
Reduced Chi-sqr = 0.075619
R square = 0.963088
Degree of Freedom = 113

Initial Guessed by Genetic algorithm
Fitness(Chi-sgr) = 0.075619
Number of Populations = 100
Number of Generations = 175
Elapsed Time = 13135 ms

b) Fittinglog

e Successful fitting result
(1) 1



3rd: Successfully Finished - 1 Rounds
Number of Function Calls = 56
Reduced Chi-sqr = 0.000364

R square = 0.999826

Degree of Freedom = 113

Elapsed Time = 167 ms

2nd: Successfully Finished - 1 Rounds
Number of Function Calls = 45
Reduced Chi-sqr = 0.000316

R square = 0.999799

e Singular Matrix result
(1) 1
Singular Matrix - Fix Qa2 - 1 Rounds
Number of Function Calls = 184
Reduced Chi-sqr = 0.000412
R square = 0.999952
Degree of Freedom = 112
Elapsed Time = 694 ms

If you meet singular Matrix result, there will be no Error value on the result.

Free Mame Value Errer -
W Qys 8.69u -
W Qas 821.837m -
m R 26.120k -
m C 185.634p -
m oyl 6.751u -
[ Qat 261.929m -
m Q2 1.194m -
m Qa2 2220453 -
11 o
Singular Matrix - Fix Qa2 - 1 Rounds @
Number of Function Calls = 184

Figure 114. Singular matrix result

In this case, you must FIX by clicking parameter which log informed and do

fitting again.
Free Mame Walue Error -
W Qs 809240 64171m
B Qas 814.867m 1391k
= R 26.129k 1.828p
m C 177.627p 1.055u
m aQyl 1131y 185.281m
W Qa1 375.987m 1071k
W Q2 1241m  2677M
Qa2 2220453 -
-
11 o
3rd: Successfully Finished - 1 Rounds ||
MNumber of Functicn Calls = 60

Figure 115. Fitting result after fixing parameter

63



11. Export Data to clipboard

|Exp-ort Data to Clipboard |

Click to copy best-fitted parameters or data to clipboard then
following message box will appear.
%Zﬁan R |’;|

Please select the type of data to copy to the clipbeard.

[ Parameters ] [ Data ]

Figure 116. Fitting result clip board copy

Click Okay to close this window. If you click OK button, fitting result will be

accepted and can be saved in project file. If you click Cancel button, fitting result
will be discarded.

C. Circularfitting

If your EIS data’s Nyquist plot has circle(s), you can get circle information using this fitting
function.

“ ZMAM - Untitledl =

File EBlot BFNE Tools Help
Project KK Consistency... |
Modeling... i

I
~[E

Model Subtraction...

Figure 117. Circular fit menu

When you selected Circular fit function, circular fit menu will show with 1st data. ZMAN will
do circular initial fitting automatically. If there are no previous analysis including circular fit,
modeling, ZMAN will set data range for circular fitting as full range which data contains. If
there was previous analysis, data range will be changed following previous result.
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+ Circular Modeling *

e

Nyquist
Active i ] Initisl Guessed | Report | Data | Myauist | Bode | Residusl | Resutt |
| (0 ktu1 =
o[ a] 10 85'59:_ X_Center = 37.852kOhm Best Fitte
| | ] it 8Ck-liy Center = -3.26kOhm
e Radius = 35.149k0hm Circular
Data Sequence |ZReal &Imag [+ 70k-liAngle = -5.322deg S
Weighting Factor | Medulus te Data [=]| 80k Signa!
Bisquare Mon
i 50k-|
[rsri =] =
— = — 3
Free Name  Value Emor o | G 40k
@ Rs 2855k [ .
® R 59.902k g0k i i
@ 221.907p & .‘:\3
@ @ 940.868m L
.%.
e |
T T
40k 60k 80k 100k
Zre [Ohm] |
ok Cancel

Figure 118. Circular fit menu

1. Data file selection

Select data file for circular fitting on Active item

+ Circular Modeling *

When you select new data file, ZMAN will do circular initial fitting again automatically.

Active Item

(1) ktul

(2) ktuz
(3) ktu3
(4) ktud
(5) ktus
(6] ktud

[Rs-RIQ

=]

ml

Figure 119. Data file selection

2. Data range setting for circular fitting

If you did not analyse selected data before, data range will be show all range.

¥ Circular Modeling *

Active Item
| ktu1

o)

Data Sequence | Z: Real & Imag

Weighting Fa(mri Modulus to Data

Bisquare #on
[RsRiQ =]
[Free Name Value Eror o~
@] Rs 2.855k
@ R 50.004k
& Qy 221907p
@ Qa 940 868m

Initial Guessed | Report | Data | Myquist

|l_\- xl

Bode Residual Result |

85.69k
X_Center = 37.852k0Ohm Best Fitte] -“
B0kliy Center = -3.26k0hm ¥ ——
Radius - 35.149kOhm Circular Htted
70k-liangle = -5.322deg Trace R
50k Siggd L)
50k-|
£
5 40k
5 A e T
i
B
ot
 * [
'%.
B T |
7 | |
40k 60k 80k 100k
Zre [Ohm] -Eﬂ

Figure 120. Before range setting

Move left(violet) & right(olive) cursor bar into circle region by clicking and dragging the

cursor bar.




Active ltem

Inifial Guessed

Report:

Data

Nyquist | Bode | Residual | Result

[ ktut =

1

Data Sequence | Z: Real & Imag i':.‘

—————
Weighting Fam)riMDdulus to Data ,_v_i‘

Bisquare [#on
[Re-RIQ &=
Free Name Value Error -
& Rs 2855k
& R 69,902k
& Q 221.907p
Qa 940.868m

85.69k-

80k~

70k~

&0k-|

50k-|

40k~

-Zim [Chm]

30k-|

20k~

10k

0|

-10k-|

o

40k 60k 80k 100k

Zre [Chm] -Eﬂ

Figure 121. After range setting

will be used in calculation for circular fitting.

3. Graph pop up menu

You can get pop up menu by clicking right mouse button on graphic region.

Initialize Cursors
Violet Cursor
Clive Cursor

=
1

Rescale to Show all
Matching Scales

Export Image to Clipboard

L .

Figure 122. Graph pop up ménu

a)

b)

<)
d)

4. Circular Initial guessing

Initialize cursors

This will relocate two cursor bar to initial position.

Violet cursor/Olive Cursor
1) Go to center: Cursor bar will locate at center

2) Go to cursor: Graphic window will locate at cursor

Rescale to show all

Matching scales

Adjusting Nyquist plot X, Y axis with same scale

After setting data range by moving cursor bars.

If you click the circular Initial guessing icon

new setting data range.

Data points color outside of range bar will be change to grey. Blue colored data points

, then circular fitting will be done with
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Nyquist i
Active Trem Initial Guessed | Report | Data | MNyq Bode | Residual | Result

[z [=]|
EEp——" 94,83k

1 X_Centeri= 35.962k0hm gest Fitted
1 T

80k-| Radius = 37.294k0hm Crculqr Fitted

Dats Sequence | Z: Real & Imag Angle - 13.591deg Tikice 5]
_—— 70k

Weighting Factor| Medulus to D, | Signal =3
gisquare [@lon i

Rs-RIQ = w5

e £

Free Neme  Value fmor ~ S 40k

@ R -241.743 E E 0]

@R 72407k - ‘a’e’“.“ﬂ.a'u-“
F @ 657.74p E 20k
Q 845.66m = 10k

10k~ e |

-20k: T T T T T
-20k o 20k 240k 60k 80k 100k

Zre [Ohm] B m

Figure 123. Circular fitting data range setting

If there are multiple circles and you want to fit other circle, move cursor bar to the
circle region and click guessing icon.

Nyquist
At Inital Guessed | Report | Data | Ny Bode | Residual | Result
(1) Iron data2 &
= — 1127
= 5 X Center = 847.109mOhm st Fit
RIRET B 1| Y_Center = -14028mohm
T Radius = 101.18mohm el
Data Sequence | Z: Real & Imag a0om-| Angle = -7.970deg Tade
== B
Weighting Factor | Modulus to Data a6 ol
Bisquare Dot
- 700m
RsRIQ =
— E soom
Free Name  Value Eror = 5
@ Rs 746.906m = £ ~0ms)
@ R 200.405m - 7 s00m-|
[EY 36.720m -
Q 911.448m E 300m=1
200m
100m [.1\
-s0m — ; —
0  200m 400m 60OM So0m 1 12
Zelohm] )

Figure 124. Other circle fitting

5. Circular fitting

1 ﬂ
Click fitting icon for 1time or 10 time fitting ad
- =)

Circular Modeling *

-
e [ il Guessed | Report | Data | Nyquist | Bode | Residual | Resuit

(1) Iron data2 =l
1425
= = X_Centlr = 396,006mOhm BistFited  [[” ]
2 e Y Centdr = -263.527u0hm =
12| Radiusk= 396.03¢motm Sheilar e |7
Data Sequence | Z: Real & Imag [=] Angle 4 -0.038deg Thee el
Weighting Factor| Modulus to Data [=] . signal (I
sisquare @on
RsRIQ = = soom-|
[| [Free Name  value Emor . 5
ES 25 1527 £ 500m-|
R 792505m  597.855u b
G 1004330 1667610 el i
M Q@ 999.602m  120.866u s e
B .
o
200m-| s ‘_%
-som — ;
~250m 500m 1 13
Zeohml ey

Figure 125. Fitting process

Fitting process is same as described in above modeling. See " Modeling” for details

6. Including Warburg impedance

If the circular data has Warburg diffusion element as simple circuit, you can select the
model as the follows.
a. Select Model Rs-(R-W)|Q or Rs-(R-W)|C
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2] Circular Modeling * (&)

Active Data lcurve Fit
[@ 2952.01.4 —

BestFitted [ 7o
Cireular Ftted [7]
Trace =
signal  [7]

~Zim [ohm]

v v T
s00 1k 15k 2k 25k 3k 35k 4k

Zre [ohm] Ees

Figure 126. Model change

b. Move right(olive) cursor bar to linear region

c. Click fitting icon for 1time or 10 time fitting Lmn¥){min
2] Circular Modeling * [==)]
e ==
Bestfited [ o]
2] Cireular Fitted [7]
&l - e ate

0e®
hoosoo®

Il 1105 [1301

Nof[R_ [26e  [a7635

Wy [199.0120 |10953u

-Zim (Ohm]
2t
.

Q. 7.856u N
726475m 500 -
0000 -1k
16k + T . 1 1 = T ] :
- 500 1k 15k 2k 25k 3k 35k 4k
Data Sequence __ Weighting Factor Z1e (Ohm man

[z Real &imag [=] [unity

Figure 127. Fitting again

7. Circular fit result

You can see the data list, Report, Initial Guess information, Result, Residual, Bode as follows..

3 Circular Modeling = g—— - =)

Initial Guessed |Repoﬁ | oate | nyquist [ Bode | Residual | Result

Active Item

[=]

B B
Frequency [Hz) Raw [ohm]

0
Data Sequence | Resl . imag_[=] N
Weighting Factor| Modulus to Data [v] ;
Bcare on +
[Rs-Ri1Q [ 5
5
Il [Free Name  value Emor >
7e042n 6373330 z
792145m  285934u .
1002870 720820 i
999798m  55.985u e
2
13
1

15 35182 0.00258 0045
16 28147, C004022 -0.0562 -

T i v

Figure 128. Data list



. Circular Modeling * - =)

-
inital Guessed | Report | Data | Nyquist | Bode | Residual | Result

Active Ttem
[ ron deta2 =
@ Iron data2 2
F ety
Dt Sequence |7 Real &mag [+ ¥.Center 7 ATI07ES
; = XLoweroffset — a7esases)
Weighting Factor| Modulus to Data [+] X UpperOfiset 5791081
Bisquare e
1 Depressed angle [ doi0a15 |
=
T - Model ReRY
I [Free Name  value Bor - [
[ R 7e0422n 6373330 [ —
@ R 792.145m  205.934u L R 7}
@ o 1002870 720820 [
Q  999798m 55985

Figure 129. Circular fitting result display

. Circular Modeling * - - =)
Actve tem inital Guessed | Report | Data | Nyquit | sode | Residual | Resut
[Wiondatz 5]

Data Sequence |Z: Real & Imag [+
Weighting Factor | Modulus to Data [+]
Bisquare

[Re-RIQ =]

[ [Free Name  value Eror - -
@ R 7994220 6373330 T
@ R yazliom ;28 9340 [3rd: Successfully Finished - 1 Rounds R
Qs 999798m  55985u Reduced Chi-sqr = 139338967

B @ 100287 72080 Number of Funcion Call = 91 H

Elapsed Time = 53 ms.

| 2nd: Successfully Finished - 1 Rounds
Number of Function Calls = 85
Reduced Chi-sqr = 147641767
R square = 0.999987

e

Figure 130. Circular fit report display

© Circular Modeling * . - =)

-
Inital Guessed | Report | Data | Myquist | Bode | Residual | Result

Active Tem
[ Tron detaz =
XCenter  YCenter
395.838mOhm| | -747191u0hm|
Data Sequence |Z: Real &Imag [+] X.LowerOffset X.UpperOffset

Weighting Factor Modulus to Data [<] ~477885u0hm 791.681mOhm |
s e Diameter Depressed Angle
- 791.686mOhm | | 0010815 deg |
[Re-RI2 =] e
| [Free Name — value ECE
@ ks 7994220 637.333n
@ R 792.145m 295934
@ 100287y 720820
Q 999798m  55.985u

Figure 131. Initial guessing data

. Circular Modeling * - - - =)
Aot Inito Guessed_| Report | Data | Nyquist | Bode | Residusl | Result
(1) Iron data2 =l R so0
e R
L TP 450
S 2]
Dats Sequence |Z: Real & Imag ] ‘ I -4.00
; — 4
Weighting Factor | Modulus to Data [=] ‘ I 350
| Modulus to Dt le| 5l
sisquare on - I lioo @
[ReiQ = i | E
. I =
e 3 10 il l2so @
| [Free Neme Vae  Ewor = i I I F
[@ R 7994220 637333 e i “‘ 200 &
B e § 1o ! ‘M lso €
[@ Q 1002874 72082 5]
Q@  907em 55985 m Hitiee 100
18 il
BN
il ‘
22 i -0.00
e : ! | | 050
1000 10m 1 160 1k 1M
Frequency [Hz]

Figure 132. Residual
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\ Circular Modeling *

Active Ttem
(1) Iron data2

10
e

Data Sequence |Z:Real & Imag [+
Weighting Factor| Modulus to Data [=]

&l

sisquare “ion
RRQ =
Free Name Value Error.

@ Rs -799.422n  637.333n
@R 792145m  295934u

¥ @ 100.287u 72.082n

¥ Qs 9s9798m 55985

-
Initisl Guessed | Report | Data [ Nyquist | Bode | Residual | Result

21 tohm]

105

[Bap] aseyd

B R E—
1000 10m

1 10 | 10c
Frequency [Hz]

™

HR®

Figure 133. Bode plot overlay with result

Click accept button if you want use this parameters This fitting result parameter values
will transfer to model parameter for Modeling and can be used as further fitting initial
value.

You can see fitted data in plots if you select raw data + fitted data.

sa00m|
ss00m|
secom|
s200m|
sccm]
zs00m]
2600m
2e00m
zz00m|
S 2000m-|
¥ 1500m-|
1s00m|
woom
sz00m]
100m
aoom{” St T

soomy 2 \i poo
a00m] -+ o0 %,
AREL G

o

000 sofom | sobom | zsobom | 3scbom | 4sobom | ssobom | osobom | 7sobom | ssobom | ssotom 1bo 105
Z [ohm)

Figure 134. Raw data + circular fitted data in Nyquist plot after circular fitting

8. Circular fit result for Modeling

Example 1)

You can use these circular fitting result parameter values as fixed parameter and other
parameters are free then further fitting can be done for other free parameters.

If there are 3 circles on Nyquist plot, you can do circular fit for 1st circle and can use this
result for other 2 circle’s fitting data in Modeling.

(=]

+ Circular Modeling *

Initial Guessed Repart Data | Nyquist Bode Residual Result

Active [tem
[ ) 1ron dataz =]
A00m - p—
B X Cent§r = 396.37Ai0Nima_ Belt Fitted
2| || st ¥_Centdr = -1.389mOm =
T 350m-| Radius & 396.887mOhm Cifpular Fitted
Data Sequence |Z- Real & Imag | Angle § 0.1Pdeg | e Trdce i
o —— 300m-| / \
Weighting Factor| Modulus to Data =] J sl =
Sisquare Bt 250m-| i !
[Re-RIQ = = [ E
E 200m y
Free Name  Value fror - 5 ! 1
£ Rs 222.0453 - £ 150m f b
® R 793.751m 1.074m L i
¥ 102629u 783.784n 100m-| 1
@ 997.786m 71559
som 7
I .
-50m- T T T
-250m 250m  Se0m  750m 1 125
Zeoml g

e

Figure 135. 1st circles circular fit
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After circular fit finished, click OK button and enter Modeling menu.
You can find same fitting result value was transferred to Modeling.

Free Name
@ R 746,
@ R 200405m

KT 36729m
¥ Q@ 911448m

Value
905m

|_A 4000m: S

RawDan [.]
3s00m BestFited [7]
3000m
. 2500m s
- E
& 2000m-{ § -
E[ale] B ssoom 1
Ol W isoun]
NE M "
o) 1000m- -
B Norto,
Data Sequence 2.5 soom-F B W .
Weighting Factor | Mo i \
Gis 100 00 1000m 2000m 3000m 4000m 5000m 6000m 7000m 8000m 9000m 10 11
ReRIQ ) Z [ohm] HiRw

[l

=]
-sestried | [7,7 [7100

Phase 200
TRETTRES b el 300

(6] aseud

it

Export Data to Clipboard.

6ok 10

k" Took M

L
ok Cancel

Figure 136. Circular fitting result transferred to Modeling

You can input adding Symbols to current circuit formula.

Figure 137. Input Adding Symbols for new model to fit

Rs-R|Q NN H
Free Mame Value Error -
[l Rs 222.045a -
R 793.751m 1.074m
Qy 102.62%u 783.784n
Qa 997.786m 715.59u

After input adding symbols and press enter key, then adding symbol(parameter) list will
displayed.

Rs-RJQ-R1/Q1-R2|Q2

i

Free MName
Rs
R
Qy
Qa
R1
Qyl
Qal
R2
Qy2
Qa2

EEEEEEEEEE

Value
222.0453
793.751m
102.62%u
997.786m
100
1u
200m
100
1u
800m

Error -

-

Figure 138. Added parameter list

You can fixed Rs, R, Q values by clicking Free parts.
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Error -

Free Mame Walue

[ Rs 2220453
F R 793.751m
B 102.62%u
[l Qa 997.786m
R1 100
Qyl 1u
Qal 800m
R2 100
Qy2 1u
Qa2 800m

Figure 139. Fixed parameters from circular fit

Click simple circular initial guessing or genetic algorithm initial guessing to set

added parameters initial value.

] )
Now you can do further fitting for other circles by clicking fitting buttons

+ Modeling *

[ ryj—
olallEl.

Data Sequence |
Weighting Factor |Modulus to Data
Bisquare ®on

Re-RIQ-R1/Q1-R2/Q2

Free Name  Value Emor .
[ Rs 222.045a -
B R 793 751m

B o 102.629u =
[ Qa 997.786m =
B R 138772m  459.38%u
B o1 34206m  690421u
@ Qa1 1043 3676m
¥ R2 103.064m  564.766u
B o2 396 40.027m

@ Qa2 987.186m  5.523m
(1) Tron data2 -
3rd: Successfully Finished - 1 Rounds [
Number of Function Calls = 55 B
Reduced Chi-sgr = 3.236558E-6

R square = 0.999994

Degree of Freedom = 180

Elapsed Time = 836 ms -

Export Data to Clipboard

400.0m = = =
350.0m-| L #
¢
300.0m-
g 2500m - =
5, 200.0m-|
™ 1500m- e
B o
100.0m-~ F
. LURTTIN
500m-§ "Vs-\
oo 7 i g 7 7 7 7 i g T i
00  1000m 2000m 300.0m 4000m 5000m 600.0m 700.0m 800.0m 9000m 10 11
Z [ohm] B2 o Ll
4
Bt ]
100y o0
E Sanastols. 1zl i
1 . ~Bestitied [, [100
B B Lt S e Pae [ ] 1200
E T, ot LT s0p
] - o
“ 400 F
& 100.0m e 7
E 500 5
£
] 600
100m S
200
1.0M = - -00.0
im 1om 100m 1 10 100 1k 10k 100k ™M
Freq [Hz] HEw

Figure 140. 1st Fitting result

Check free for parameters from circular fitting and click fitting button again.
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Deta Sequence | Z: Real & Imag

Weighting Factor | Modulus to Da

Bisquare Fion
Rs-RIQ-RLIQL-R2IQ2

Elapsed Time = 344 ms .

[Export Data to clipboard

| D,
Free Name Value Error - E il

o ks 2220452 - 1004 o
@R 78742m  1691u E i
[ 100320 44347p bestAited [T, 190
999961m  34177n
473m 2774 Bllase Il
38.886m 2022y -BestFitted | [ ", | | -300
1 1633 . B
100.698m 20850 _ b 400 &
4108 153536u sinon Ls00m
[ Q2  998967m  20.009u E &
= ] A --60.0
(1) ron data2 10.0m L700
2nd: Successfully Finished - 1 Rounds E
Number of Function Calls = 60 800
Reduced Chi-sqr = 1.7700936-10
R square = 1 B e ottt
Degree of Freedom = 177 im 10m 100m 1 10 100 1k

00  1000m 2000m 3000m 400.0m S00.0m 600.0m 7000m 800.0m 900.0m
Z fohm) i

Freq Hz]

Figure 141. Final fitting result.

Example2)

Modeling & fitting using circular fitting for impedance spectrum having 3 circles.

Data file loading

3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 00.00 9500 100.00 10500 110.00 115.00 120.00

Z [ohm]

The Nyquist plot shape has 3 circle and diffusion.

Equivalent circuit example is
Rs-R1|Q1-R2|Q2-R3|Q3-W
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The 3 circles might be fi
1st circle.

tted using

circular fitting as the follows.

‘ Modeling * o x
1 275+
25.0-| RawData 7]
225 Best Fitted |,
200-|
75|
150+
£ 125
2 100-|
il R N 754 S
1. 10 — 50-| ;
‘ Q| B[t e [this e 5]
I 25+ Y
Data Sequence  |Z: Real & Imag || 00|
‘Weighting Factor | Modulus to Data v E;'
Bisquare Oort 200 300 400 500 600 700 800 900 1000 1100 1200
Re-RIQ 2! (Ohm] Hi@w
Value B
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1.0k 100
4307 5673 E [ e
1419420 118Tu I
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P:::%(:I oo
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\9" |50
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100 &
&
50
v
A 200
250
100 vty R LT R IE =300
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|Export DataParameters to Excel

oK Cancel

2nd circle

Circular Modeling *

bed
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We can use each parameters using above 3 circles.
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Madeling * O *
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|Export Data/Parameters to Excel | DK Cancel
Click fitting button
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Add Inductance element for high frequency region data.

sisquars
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R 1.547
= ay 89.787n -
@ Qa 1.209
@ Ri 67.238 -
@ o 10.966u -
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D. Manipulate element or Model

Tools Help
KK Consistency... :I
Modeling...

Circular Fit...

Motdel Subtraction..

Figure 142. Model Subtraction menu

If you want to add or subtract element/circuit model from data, select Manipulation data
model. You can select Add or subtract

If you select element or model in combo box or from model editor by clicking and
input the value for manipulation, you can select subtraction or Addition of this value.

You can input Model symbol directly but if there is such model in library, input is not
available. You must make same model in model editor before doing this.

o 2004

Operator | Subtraction [=]

1500

Figure 143. Select element or model for manipulation

1. Element subtraction/Addition

If you want 6kOhm resistor from data, select R for element and input 6kOhm then origianl

data and subtracted data will be displayed as overlayed.
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100k
sttem [TL]
90 andTem [
80k Resut  [7,]
7.0k - -
6.0k
5.0k .
N a0k o
3.0 /
20k ,’\v
10k
00 T T T T T T T u T
60k 40k 20k 00 20k 40k 60k 80k 100k 120k 140k
Z [ohm] B el
100.0k = 0
| istMeg | "L
E 2nd Mag ™l "] [
W 2nd phs
1 Result Mag [ E
= 100 fiil Result Phs : £
=i L F-1000 T
SR S
1 ., = E-1200
I \ e
| 1600
1.0k T e 180.0
100 1k 10k 100k M
Freq [H2] Bl

Figure 144. Manipulation result display

If you click Add & close, you can see the original data and the manipulated data at same
time on the graph menu as the follows.

b0 13bok

Figure 145. Overlay (original data and manipulated data)

\}

Manipulated data will be new data named adding *
So this manipulated data can be used for fitting etc independently.

(1) 1.30'C =

(2) 1.30°C1 ™)

The above data is assumed Q-Q1|R1

Q is straight line at right side
Q1|R1 is semi circle at left side.

If you subtract Q from original data, semi circle will remain.

_1" at end of original file name.
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tstTerm 7]

(2130C1
10.0k-| ndTerm [7,]
Result R
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vl E 6ok
s
Operater | Subtraction B R 40k
0 = -
= % 20k
Name Valie /
o 184u o
Q 575.78m o
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15t Phs [~ Froo
2nd M E
i s
phs A ¢
et Mag T, 7o o 100
. gers [N T oo0
‘ &
\-. s
400
i—SOD
100 L B L mas A R, o
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- Freq [Hz] BEeim
o« | coneel |

Figure 146. Q subtraction

10k 200k 300k 400k SO0k 60k 700k 80k 0%k
Z tohm

1000k 1100k 1200k 1300k 1400k

Figure 147. Q subtracted result (red line)

2. Model Subtraction/Addition

You can subtract or add model. For
remain.

e & LstTerm [©.]
80k andtem 7]
8.0k-| Result [ 7,]
7.0k 3 -
- 6.0k .
S 50k .
Operator [subtraction [v] R 404 o
_ ] 3.0k /
Name Value =
Qy 662.807p o 5
@ 863.227m 1.0k \
RL 5605k a0 | | | | | |
0o 20k 40k 6.0k 8.0k 100k 120k 140k
Z10hm| [ Peli]
00
istMag  [T.] |
wehs [N F
100k"=% dbizgf " |
E 2t — phs
1 Resupiag
B 10ky \\Rm‘t -
10005
100: T T
100 1k 10k 100k ™M
2z Freq [Hz] BEeim
ok | [ cancel ]

Figure 148. Q1|R1 subtraction
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e @130C 4~
9.0k @13061

" [ohm]
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2 (Ohmi

Figure 149. Q1|R1 subtracted result (redline)

E. Mott-Schottky Fit & Semiconductor C-V

This menu is only activated series data having same frequencys and voltage value were
loaded. These data file can come from fixed frequency Mottschottky technique or dynamic
mottschottky techniue using ZivelLab EIS instruments.

When you try to load these data file, You can see the following dialog box.

There are 16 EI5 Data in "modi_2405_01 wdf"
Do you want to add them to the project?

" Ves 1 | Ne

b p—

Figure 150. Confirm dialog box

Click “Yes” button then data series will be loaded on section “C” (project section)

@ [5¢|| [1em List =]
C:HWESHdatawUntitledl.zmp
Impedance, Z » | Empty Cell Cap. 1IF| |2
A B C -
ftem DX VDC
0 ‘indi_2405_01_001 1 1262207 |z
1 1odi_2405_01_002 2 1212463
2 1odi_2405_01 003 3 116333
3 odi 2405 01 004 4 1113586
4 1odi_2405_01_005 5 1062927
5 1odi_2405_01_006 i) 1013184
6 10di_2405_01_007 7 096283
7 10di_2405_01_008 8 0912781
8 10di_2405_01_009 9 0862427 -
< i ] b

s_sy par -|[ Pic \4'_3

Figure 151. Series data loaded on section "C”
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1. Mott-schotky fit

Tools Help

KK Coensistency..
Maodeling...
Circular Fit...

Model Subtraction...

g 20
D P

HE= anaT

Mott-Schottly Fit..

Semiconductor C-V...

Figure 152. Mott-Schottky fit menu

If you select this menu, Mott-schottky analy5|s sub windows will be appear.

» Mott-Schottky Anaiysls

— - -

[ESNEER=C)

Select Frequency

|134] 10.024Hz

=]

275E+3
2.5E+3 b

oo tshaty

2:25E+3]

2E+3+
175E+3
1.5E+3
125E+3
1E+3
750E+0
500E+0

= =
1/Csch2 [cm™4 FA-2]

250E+0

Selected

Best Fitted [/ Frequency
Slope
Offset
Rsg

Flatband Potential

10024Hz |
57321363 cm 4/F 2V |
6.93092E-3 cm*4/F"2 |

[

|:,
| 0.882520 |
[ 118501 v| l
|

QE+0
-250E+0-
-500E+0

~750E+0;

06

08

1 12

14

Donor Density -2.45954E+28 cm™3 I
vdc 1/Csc"2 Raw  1/Csc”2 Fitted »
™ [em*4/F"2] [em*4/E22] (5]

1 788.879395E-3 2.555927E+3 2A417957E+2

2 798732213E-3 2476017E+3 2.361479E+32

3 808.715820E-3 2407411E+3 2.304252E+3

4 81B3.481445E-3 2.373662E+3 2.248274E+3 _

Ll (1] i

vien B

Figure 153. Mott-Schottky Analysis window

a) Basic Parameter Input

For analysis, you must input parameters on “Basic parameter tab”

. Moti-Schottky Anaiyms

— T

e R

Select Frequency

M;} |[15] 796.22Hz

el

126+3
11E+3
10E+3
9E+3|
8E+3-]
FE+3
BE+3-
5E+3-|
4E+3-]
3E+3-
243
1E+3-
0E+0-]
123
-2E23]
-3E+3 y

=
1/Csch2 [emA4 FA-2]

Basic Parameters ‘ Mott-Shottky | Vb, Density |

RawData [ =]

Selected [ ]
Best Fitted [ 7o Temperature ‘

25 DegC |

Dielectric Constant ‘

1

Surface Area |

Tam2]

06 08

Figure 154. Basic parameters input
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b) Mott-Schottky analysis

i) Select Frequency
If you loaded dynamic mot-schottky data set, you can select frequency which you want
analysis.
g . = BTy
Select Frequency
- [14] 1.002kHz -
S i RawData |~ E 115] 796.22Hz Baily
23637 5 selected [16] 632.46Hz [ B
225643 Best Pt [ [17] 502.38Hz 10024z
2643 18] 399.06Hz e——
ot [19] 316.98Hz A
= [20] 251.79Hz BE+3 cm 42|
9 15E+34 o ]
i [21] 200Hz |
T [22] 158.87Hz LIE et S |
i E 1E+3 [23] 126.2Hz ~ 11ssoiv| I
o 250e0 [24] 100.24Hz = =1
E | [25] 79.622Hz iR
= [26] 63.246Hz
25080+ [27] 50.238Hz 1/Csc2 Fitted
0E-0 [28] 39.906Hz A EmtaEr2] 5]
-2508+0-] 129] 31.698Hz Bl 2amesre
50080 [30] 25.179Hz S ik
06 o8 1 15 14 132] 15.867Hz - bl 5
vic vl Bl | 1B311262Hz |
[35] 10Hz =
Figure 155. Frequency selection
i) Selecting data region for analysis
Moving blue lines for data which you want analysis.
F "+ Mott-Schottky Analysis — - e E‘ﬂu‘

= Select Frequency
Mott-Schof Del Vib e
QJ\W—WJ (331 12 62Hz =l

3E+3+ Basic Farameters | Mott-SNoftky | Vi, Density
2.8E+3 w
2hnigy E Frequency | 1262Hz |
24£+3 y : .
22E+3- K Slope [ -117588E-4 cma/Fr2n |
ey Offset \ 1.30473E-4 cm 4/F°2 |
EL 1.8E+3- :.‘
| ¥ 16434 Reg (T
r E 1aes- Flatband Potential | 108388 V|
o 12E:3- ———————— !
3 Donor Density \ -1.19897E+28 cm*3 |
8 183- - -
=~ B0OE+0-]
BOOE+0 Vdc 1/Csc*2 Raw  1/Csch2 Fitted
s ™ EmA4/Fez]  [emAaFRD] (g
o 1 919.79980SE-3  2124510F+3  2.231523f+1
200E+0-) 2 929.652623E-3  2044181E+3  2.115666E+3
OE+0-| i 3 930.854213E-3  1971149E+3  1095708E+3
-200E+0-} ; , . | 4 950012207E-3  1878431F«3  1876262E+3 _
06 08 i 12 14 W G =
vdevl BRI

Figure 156. Selecting data region for analysis
You can see Mott-schottky analysis result at right side on Mott-Schottky Tab
c) Donor Density vs. Vfb graph and analysis

If you click * Density vs Vfb” button you can see the graph and analysis result.
This can be done only with Dynamic Mott-Schottky data set.
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Figure 157. Donor density vs. Vfb graph and analysis

You can export analysis result to Excel using “export to Exce

III

or make Ascii file using copy

and paste on pop up menu. (By clicking right button of mouse on result list)

-
. Mott-Schottky Analysis
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Basic Parameters | Mott-shottky | Vb, Density |
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Figure 158. Analysis result pop up menu

2. Semiconductor C-V

Tools

Help

Modeling...
Circular Fit...

KK Consistency...

D 1M
EHED 207
wHED 3P
HD aaa.

[

Model Subtraction...

Figure 159. Capacitance vs voltage menu

CH

:Imp
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If you want to see Capacitance vs. voltage curve, select this function. Then you can see
following “Semiconductor C-V” window.

- S—
“ Semiconductor C-V - Prn— E@E
[13] 1.262kHz “|| R, CpinRIC | CpinR|C | Rs, CsinR-C | CsinR-C | Data
[14] 1.002kHz { | |
15] 796.22H; 220m- -4.5m
{1 Raldu o= % ]
[16] 632.46Hz 210m-] o
[17] 502.38Hz a, -, o T3 M e T
[18] 399 06z 200m-| “*\.._‘_ .
[19] 316.98Hz T ., * ~35m
[20] 251.79Hz - k i
[21] 200Hz . 180m-| % -3m |
[22] 158.87Hz . I
£ 170m- . -25m il
[24] 100.28Hz 5 160m- Hile bl :
[ J
[25] 79.622Hz o i om
[26] 63 246Hz 150m- . il
[27] 50.238Hz 1a0m-| s -15m i
[28] 30.906Hz =
[29] 31.698Hz 130m-| by i
[30] 25 17%Hz .
[31] 20Hz i -, 000
[32] 15.887Hz 110m- [
[33] 12.62Hz i 4
= -
[AEIE0kz 07 o8 o9 1 11 12 13 14
[35] 10Hz L T Bl
* Ctrl+A to select all items
lose

Figure 160. Semiconductor C-V menu

If you loaded dynamic mott-schottky data, you can see multiple frequency at left side of
window. You can select one frequency or multiple frequency using CNTRL+click or
shift+click. (If you want to select all frequency, press CNTRL+A)

- —
‘b Senicon diichor 2y - — - Pr— E‘@u
#|| Ro.CpinRIC | coinRjC | Rs, CsinRC | CsinR-C | pata |
2+ -18m
1]
18+ cp ["e] |-26m
1.6- -14m
i
14- -12m i
i
12- -10m i
E o
5 1 -8m = |
= 3 |
o
800m-| -6m il
I
= 600m-| sl
400m-| -2m
200m-| -0
0- T T T T T T --2m
07 08 0% 1 11 12 13 14
. vée v B0
= Ctrl+A to select all itermns

Figure 161. All frequency selected

If you want to see line instead of dot, click right button of mouse on graph and move cursor
to legend which you want to change and click left or right button of mouse. You can see
graph property setting menu.
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[ Semicondictor 2y — [ -] |
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184 cp -16m
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JQ:_ 1 -em 2, |
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= B00m | -4m
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0 T T T T T T --2Zm
07 08 0.9 p & 11 12 13 14
= Vde V] Basiwml
= Ctrl+A to select all items
*
Figure 162. Graph property change
You can see 4 kinds of graph by selecting Tab.
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Figure 163. Rp and Cp vs voltage graph (parallel connection) & Cp vs voltage graph (parallel connection)
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Figure 164. Rs and Cs vs voltage graph (serial connection) & Cs vs voltage graph (serial connection)
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f £N Semicoﬂdmnr'civm pr—
| Ro.cpinRjc | cpinRyjC | Rs CsinRC | CsinR-C | Data
wdc Frequency Rp cp
v [Hz] [chm] [F1
1 788:879395E-3 20.000000E+3 12083361263 -18.057535E-6 17
2 788870305E-3 15.887000E-3 11671222063 -18.362403E-6 1
3 73887939563 12620000F+3 114036821E-3 -17.860864E-6 1°
4 7888793956-3 10.024000E+3 11233417163 -16226011E-6 10 I
5 782870305E-3  7.062200E+3 1001500713 -48177087E-6 ¢ I
6 78887939563  6.324600E+3 1117964093 -10.629504E-6 1° I
7 788.8793956-3  5.023800E+3 112.0672756-3  -5.936337E-6 10 I
8 738879395E-3  3000600F+3 112501654E-3 106022066 1° I
9 782.870395E-3  3.169800E+3 11333251063  13.601068E-6 1. I
10 788.879395E-3  2517900E+3 114.641020E-3 2747675166 10 |
11 78887939563  2000000E:3 109.3424756-3  64108390E6 1¢
12 788.8793956-3  1588700E+3 118513800E-3  B3.0074856-6 10 |
13 788.8793956-3  1.262000E+3 116.863752E-3 12145045266 10
14 788879395E-3  1002400E-3 119.895749E-3 19147739266 1°
15 788.8793956-3 796.219071E+0 122.3801626-3 292.876063E-6 10
16 788.879395E-3 632460022E-0 12517584063 42872769266 17
17 788.879395E-3 502.380005E+0 129.099371E-3 634.566037E-6 10
18 788.879395E-3 300.050008E-0 134.088130E-3 04673522366 1
|10 7B8879395E3 3IGGBODIIE:0 141058265F3 132528263 1:7
" »
* Ctrl+A to select all items

Data list

You can export data to excel on popup menu by clicking right button of mouse.
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Chapter 7 Equivalent Circuit Model Editor

You can use this menu on intro menu or tool-Model editor.

) 2y - atas -

File  Flot Analysis Help
Model Editor

Options

=
St on St

Figure 165. Model editor menu

Project

When you select this function, you can see independent window as the follow.
[ % Model Editor EW

‘Eile Category Model Tools

[2]a) =] el |

Category |BATTERY & SUPERCAPACTTOR
Rs-Q1[R1-Q2|R2

Rs-Q1[R1-G2|R2-QIR3-W
Rs-QIR1|(01-R2)|(L1-R2)|{L2-R4)|(Q2-RS)

Rs-RI[C1-(R2-W)|C2

Rs-R1/Q1-R2|Q2 El
|| Re-R1jQ1-R2Q2-R3IQ3-RAjGE =

General Parameters Formula Evaluation
|| Aies | |
| Symbol Rs-R|C £
L Note -

Figure 166. Equivalent Circuit Model Editor

A. Model file

You can backup/import/initialize model file if you want.

1 Mode Editor

Category  Model
Beinitialize Models to Default.

Import Models...
Export Models...

Close Cirl+Q

Figure 167. Model file menu

1. Reinitialize Models to Default

If you want to clear current models/categories and come back to default, then click this
menu. You can see the warning message box.
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b - N— e

This action remove all models and reinitialize medels to default.

Are you sure?

Figure 168. Confirmation of initialize model file

2. Import Models

If you want import model/category from backup file, ZMAN old version model file or other
person’s model file which he/she made using ZMAN, you can import it into current model
file.

[

82 valid models are found. Do you want to add/replace them?

Figure 169. Model Importing

3. Export Models

Using this function, you can backup current model file including model/category
information. Default file name format is “Backup(today’s year-mnth-day-hour-minute-
second).models”

B. Category Menu

There are several predefined category for each application’s library. You can make your
own category(library). These category will be used when you search the model. You can

search the model for all of categories or some category only.
4 Model Editor (&

Fle Category Model

2]a) 0=l

Category | CONDUCTING POLYMER
BASIC
SIMPLE

BATTERY_SUPERCAP
 CONDUCTING_POLYMER
CORROSION_COATING
ECHEM
FUEL CELL
METAL ELECTRODE
OXIDE
SEMICONDUCTOR|SOLARCELL
SENSOR
USER_MODEL

Genersl

Alias

Symbol

Note

- [

Figure 170. Predefined categories

%) Model Editor

New...

Delete -
Merge...

Duplicate ﬁ
Rename._.

Export List of Models to Clipboard

Figure 171. Category Menu
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1. New category

If you want make your own category(library), Select New in Category menu.

. New Category/Modsl F N @
-]
Alias | i I
Model | Rs-RIC Al

|

Figure 172. New category/model

You can input your category name(eg. Testl etc) by typing then the category will be
created. (Note: Each category must have minimum one model)

2. Delete category

If you want to delete category which has models, Select Delete in Category menu.
Please note ;
deleted category with models can NOT be recovered(permanently erased).

Before delete category, you must select category which you want to delete as the

following window.
=)

% Model Editor
Fle Cat

EYani=ic)ry

Category | TESTL ~
BASIC
SIMPLE

BATTERY_SUPERCAP
CONDUCTING POLYMER
CORROSION_COATING
ECHEM

Genera|

Alias

Symbol

FUEL CELL
METAL ELECTRODE
OXIDE
SEMICONDUCTORJSOLARCELL
SENSOR

v TESTL
USER MODEL

Figure 173. Delete category

And select delete in category menu the following window will appear.

Do you want fo remove the category, TESTL, and its contents?

Figure 174. Delete confirmation box.

If the category has just one model, you can delete model then its category will be deleted.
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3. Merge categories

If you want merge several categories into one new category, you can use this function.
Note: If you did merge function, source category will be disappeared.

Example) If you want TEST1, TEST2, TEST3 categories into one TEST_total category,
select 3 category in left window and click right side arrow and change the New Category
name as TEST_total and click OK button then 3 source categories will be disappeared and

all models in 3 categories will move to new category named TEST_total.
[ . Merge Catagories =)

Available

BATTERY_SUPERCAI «
CONDUCTING_POL ||
CORROSICN_COAT.
ECHEM

FUEL CELL 3
METAL ELECTRODE | =
OXIDE
SEMICONDUCTOR]!
SENSOR

Figure 175. Merge Menu

When you click the OK button, you can see warning message as the follows
- " =

Flease note that selected categories will be removed from the model list.

Figure 176. Merge confirmation

If you confirm it, click the Merge button.

TEST1, TEST2, TEST3 category and its models will be erased and merged TEST_total
including all models ,which 3 model had, category will be created

4. Duplicate

This function will make clone of source category.

5. Rename

You can change category name using this function

6. Export list of models to clipboard

You can copy the model list which included in category into clipboard

C. Model Menu

Each category can contains several models(equivalent circuit model). Each model can be

included in multiple categories with different default parameter value to meet each
application.
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“+ Model Editor

FHle Category

Category |cong

RICiQ1IQ2 Delete

Simulate

Figure 2. Model Menu

1. New

Apply Values to-hor-Basic Models

You can make new model by clicking Model-New on the menu or clicking Model New

button. New model editor will be displayed as the follow.

I USER

% New Category/Model R =)
Category |IEE [~
FUEL CELL -
Alias METAL ELECTRODE
OXIDE
Model SEMICONDUCTOR & SOLARCELL |7
SENSCR =

@ Duplicate Symbol

@ Error

o | (o]

Figure 177. New Model/Category Menu

Firstly you must select Category which you want the new model into.
If you need new category, just type on Category input then new category will be created.

Example)

*+ New Category/Model a @
Category | TESTL [=]
Alias | |
Model N
@ Duplicate Symbol

| @

If you selected Category, input the model following Model editor rule described in the

following “model design rule”
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If you want to make ab

Cdl

ove equivalent circuit model, type “Rs-Cdl|(R1-W)” on Model input.

And enter key or click other part.

New Categary/Model B [E=)

Category | TESTL [=]

Alias

Model | Rs-Cdl|R1-W]| o

@ Duplicate symbol
@ crror

Alias

Model | Rs-Cdl|R1-W) «|

-

3
If there is no error, the following window will be displayed.
Mew Category/Model . [E>)
Category |TESTL =]

' New Category/Model =

Category | TESTL =

Alias

Model | Rs-RIC A

@ Duplicate Symbol

@cor

If you click OK button, this model will be saved in TEST1 category.
If there is an error in Model description, the following error will be displayed.

Figure 178. Duplicated Model

If there is same model in target category, the above error will be happened.
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. New Categary/Model . =)

Category | TESTL [=]

Alss | |

Model

@ Duplicate Symbol

| @eror

Missing Element

Lo | Lo ]

Figure 179. Missing element

If element is missing on the above model, the above error will be happened.

. Mew Category/Model =)
—
|
Category | CONCRETE [=]
Alies | |
Model | Rs-(RI] -

@ Duplicate Symbal

@ crror

Missing Right Parenthesis

o) [t

Figure 180. Missing Right Parenthesis

Need Right Parenthesis to complete the formula.

"+ New Category/Model i =)

Category | TESTL e

Allss | |

Model  |Rs-Cdl/(RL-W)) -

@ Duplicste Symbol
i @ error

Unbalanced Right Parenthesis -

Lo | [ ]

Figure 181. Unbalanced Right Parenthesis

There is missing left Parenthesis on the formula.

2. Add Models

You can add model(s) into category by typing symbols or paste model list if you did
“Export list of Models to clipboard” on category menu. Before this action, you must select

category at first.
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© Symbols to Add - =)

Qs-RICIQLQ2

Re-R1|C1-(R2-W)|C2
Rs-R1|C1-R2|C2-(R3-W)[C3
Rs-R1|C1|(R2-W)
Rs-R1|Q1-R2Q2

Rs-RIC.

RicjQ1iod

[ |
Figure 182. Symbols to add

After typing or paste symbol list as the above, click OK button then following box will
appear. If valid model exist, valid model color will be change to blue and OK button

activated. When you click OK button, valid models will be added to target category.
. Symbols to Add ] ==

Qs-RICIQLIQZ

RC1|R2-C2)
RsRLCL A2 1A

Re RLCLR2C
Rs-RLIC1|(R2-W)
| erujgrraja2

ReRIC
RICIQLIQ2

Figure 183. Model check for symbol to add

3. Model Copy

If you want copy a model to paste into other category, click model copy icon or select
copy on Model menu.

4. Model Paste

If you did copy some model, you can paste it into other categories.

5. Model Delete

You can delete the model in specified category. Same model in other categories will NOT
be erased.

6. Model Edit/Create

You can edit current model in parameter default value, alias, note field. If you modify
symbol(model circuit), software will accept it as new model.
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a) Model Edit

b)

. Model Edtor )

File Category Model

FEEED

Category [BATTERY & SUPERCAPACTTOR
[(L2-R4)](Q2-R5)

Re-RI[QL-R2(Q2
Rs-R1QL-R2/Q2-R3|Q3-Re{04
Rs-RIC

General Parameters | Formuls Evaluation

Symbol  [Re-RLCL-R2WIC2 B ‘ |

Note ‘ ;‘

You can input some information in Alias by typing.(It may be used as comment for
application). Also you can input the information in Note field. If you double click on
Note field, New memo window will be displayed.

. BATTERY & SUPERCAPACITOR] Re-RICL-(2-wic2 e

=3

Figure 184. Memo input window.

Model create

If you want to create new model using current model modification, ZMAN will
recognize it as new model.

Eg) If you want add C3 as serial connection, then type “-C3” end of formula.
- Model Editor =)

File Category Model

(2/a)o(=le)

Category |BATTERY & SUPERCAPACITOR
L1-R3)|(2-R4)|(Q2-R5)

Rs-R1Q:
Rs-R1|Q1-R2|Q2-R3|Q3-REIQS
Rs-RIC E

General Parameters. Formula Evaluation
Alias [ |

symbol

Rs-RL|C1-(R2-W)|c2-Cq - ‘ |

Note ‘ - ‘

And press enter key. If there is no error on symbol connection then the following New
category/Model window will appear.

+ New Category/Model F =)
Cotegny BATTEY B SPROPACTOR (5]

Alas | ]

Model  [Rs-R1/CL-R2-W)|C2-C3
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But if there is any error, the following error message will appear.

© New Category/Model ] =]

Category | BATTERY & SUPERCAPACITOR =

Alias | |

Model

@ Duplicate Symbol

| @

Missing Element x

D. Model Design Rule

An equivalent circuit is made of combination of circuit functions. ZMAN already has 12 basic
circuit functions. See Basic Elements to know details. If you want to have your own circuit
function, refer to Single Elements.

In ZMAN, a circuit model is described as symbols of functions and 4 special operators
standing for relation of functions or their combinations. You can identify each symbols with
an ASCII characters (0 to 9, a to z, and A to Z) next to symbols such as R1, R2, and Rs.

Those 4 operators are

- : Serial Operator. For example, “"R-C” means a resistor is serially connected with a
capacitor. “+"” operator can be used instead of “-" operator.

| : Parallel Operator. For example, "R|C” means a resistor is connected in parallel with a

capacitor. /" operator can be used instead of “|" operator.
% Model Editor =

File Category Model

AEEE

Category |USER MODEL =

R\[ —-_‘_

El

Genersl | parameters Formula Evaluation

Aliss. \_ _\

Symbol RIC -

Note ‘

=)

Figure 185. Equivalent Circuit Model Editor

i
i

(and): Left and Right parentheses are used to clearly define a group of elements. For
example, “Rs-(Rct|Cdl)” means a resistor (Rs) is serially connected with a bundle of a
resistor (Rct) and a capacitor, in which each is parallel, connected the other..

97



[ + Model Editor g
File Category Model
= = 3
/oo
Category |USER_MODEL
Re-R2|Q2-R1|QL -
Re-Ret|Cdl-O
Rs-RIC Al
Rs-R|G =
Rs-R|C -
General | Parameters Formula Evaluation
Alias |
symbol 'Rs—Rct\Cdl =
Note ‘ N
Im
L
Figure 186. Rs-(Rct|Cdl)
+ Model Editor =)
File Category Model
Category |TEST [=]
Rs-RIC
General \ Parameters Formula Evaluation
Alias [ |
symbol | Rs-Ret)jcdl =
f =l
i| hote ‘ |
cdl

Figure 187. (Rs-Rct)|Cdl

In ZMAN, the Parallel Operator has a higher priority than the Serial Operator similar to
the * and + operators in normal Math calculations. It is quite natural that Parentheses
operators are the highest among them. This means, if a circuit is expressed as “L-(R|C)”",

then “L-R|C" is equivalent in ZMAN.

Example) Complicated model designing

c2
c4
C1l
c3

Figure 188. Sample Model
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The above circuit can be grouped as the follows. Each group should be identified by
Parenthesis.

e N/ I

_-T“__\G s >
.| =

)

- AN JK /

Figure 189. Sample model group analysis

1st step: Red group is;
Rs-(C1|R1)-(blue group)

2nd step: Blue group is
Rs-(C1|R1)-((Green group)|R3)

3rd step: Green group is
Rs-(C1|R1)-(((violet group)-C4)|R3)

4th step: Violet group is
Rs-(C1|R1)-(((C2|(R2-C3))-C4)|R3)

+ New Category/Model

Category | USER =

Alias ‘ ‘

Model Rs-(C1|R1)-({(C2|(R2-C3))-C4)[R3) -

e

Figure 190. Check the symbol for sample model designing




E. Basic Elements

There are 12 basic elements in BASIC category which already defined in ZMAN software.
These elements cannot be deleted nor modified in formula.

When you click right button of mouse at symbol area, pop up menu will appear as the
follows.

+ Model Editor

File Category Model

FREEED

Category |BASIC

Meani

c o Apply Values to Non-Basic Models

Figure 191. Basic element

You can change parameter default value and it can be applied to other category as their
default value by selecting “Apply Values to Non-Basic Models”

*+ Select Target Categories

Target Categories
FUEL CELL -
METAL ELECTRCDE

SEMICOMDUCTOR & SOLAR CELL EI

SENSOR -

Figure 192. Default parameter value change in target category

Each element in Basic category

Note: S represents jw, where jis imaginary unit,«/—1, andWis angular frequency.

1. Resistive Element

Symbol: R
Parameter(s): R
Formula: Zz=R
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2. Capacitive Element
Symbol : C

Parameter(s): C

7 =L
Formula: sC

3. Inductive Element

Symbol: L
Parameter(s): L

Z =9

Formula:

4. Constant Phase Element (CPE)

Symbol : Q
Parameter(s): Qy, Qa
1
ZQ - Q SQa
Formula: y

The Constant Phase Element (CPE) is a non-intuitive circuit element that was discovered
(or invented) while looking at the response of real-world systems. In some systems the
Nyquist plot (also called the Cole-Cole plot or Complex Impedance Plane plot) was
expected to be a semicircle with the center on the x-axis. However, the observed plot was
indeed the arc of a circle, but with the center some distance below the x-axis.

These depressed semicircles have been explained by a nhumber of phenomena, depending
on the nature of the system being investigated. However, the common thread among
these explanations is that some property of the system is not homogeneous or that there
is some distribution (dispersion) of the value of some physical property of the system.
Mathematically, a CPE's impedance is given by

1/2=Y=Q°(]j m)"

where Q° has the numerical value of the admittance (1/ |Z|) at @=1 rad/s. The units of
Q° are S-sn.

When n=1, this is the same equation as that for the
impedance of a capacitor, where Q° =C.

R )

1/Z=Y=j@Q° =j eC

101




When n is close to 1.0, the CPE resembles a capacitor, but the phase angle is not 90°. It
is constant and somewhat less than 90° at all frequencies. In some cases, the 'true’
capacitance can be calculated from Q° and n

The Nyquist (Complex Impedance Plane) Plot of a CPE is a simple one. For a solitary CPE
(symbolized here by Q), it is just a straight line which makes an angle of (n*90°) with the
x-axis as shown in pink in the Figure. The plot for a resistor (symbolized by R) in parallel
with a CPE is shown in green. In this case the center of the semicircle is depressed by an
angle of (1-n)*90°

http://www.consultrsr.com/resources/eis/cpel.htm

5. Warburg Diffusion

Symbol : W
Parameter(s): Wy
1
Z\N =
W.s
Formula: y

The most common diffusion circuit is the so-called "Warburg" diffusion element, but it is
not the only one! A Warburg impedance element can be used to model semi-infinite linear
diffusion, that is, unrestricted diffusion to a large planar electrode. This is the simplest
diffusion situation because it is only the linear distance from the electrode that matters.

The Warburg impedance is an example of a constant phase element for which the phase
angle is a constant 45° and independent of frequency. The magnitude of the Warburg
impedance is inversely proportional to the square root of the frequency ( /e ) as you
would expect for a CPE with an n-value of 0.5. The Warburg is unique among CPE's
because the real and imaginary components are equal at all frequencies and both depend
upon 1/w*?

http://www.consultrsr.com/resources/eis/dif fusion.htm

6. Diffusion Circuit Element

Symbol : O
Parameter(s): Oy, Ob
Z, :Ltanh[ob\/g]

o,s
Formula: y
The most commonly used diffusion circuit element is the Warburg, but it is not always the
most appropriate one! It is often wise (and fairly common) to use a rotating disk
electrode (RDE) in impedance studies. It is particularly wise when studying reactions
involving diffusing species when the "DC" current is different than zero -- studies at
potentials away from the open circuit or equilibrium potential ( away from the rest
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potential or the corrosion potential: ). If a stationery electrode and unstirred solution were
used instead, the current would slowly decay. The changing and non-steady state "DC"
current would corrupt the interpretation of the lower frequency measurements. In
systems such as the RDE, there is a region close to the electrode in which mass transport
happens only by diffusion. Outside of this "Nernst Diffusion Layer" the solution is
homogeneous due to the stirring produced by the rotating electrode assembly. The
concentration of the diffusing species in the bulk solution remains unchanged by the
experiment (i.e., the reaction vessel is big!) The material simply diffuses through the
Nernst Diffusion Layer (NDL) to reach the electrode. The impedance in this case is
described by the so-called O circuit element. The RDE is not the only case where the O
element might be seen. Often the rate of corrosion is limited by the slow diffusion of
oxygen through a coating or a passive film. This situation is quite similar to the RDE
example, above. The oxygen concentration is homogeneous in the solution phase due to
mixing and the concentration just outside the coating or film is fixed and constant. The
impedance in this example also fits the O element model

-Z" == /f--I:J..—.uEr.2

The figure to the left shows the Nyquist plot for the O diffusion element. The O element is
characterized by two parameters, an "admittance" parameter, Yo, and a "time constant"
parameter, B (units: sec”? ). At high frequency ( f > 2 / B2 ) the O circuit element is
indistinguishable from a Warburg impedance! This frequency range is shown in red in the
figure. Since the time for a molecule to diffuse across the thin layer is much longer than
the period of the AC stimulus applied, the electrode does not 'see' that the film or coating
is of finite thickness.

Equations for the O element.

The equations for the complex admittance ( Y(@) ) and complex impedance ( Z(@) ) are
given by the equations below. The O circuit element gets its name from the hyperbolic
cotangent ( coth[] ) admittance response.

A tanh[B jm} 'I'{m)z{‘fn jm}coth[B _,r'm}

)i rm

Yo has the same definition as for the Warburg impedance. Yo can be used to calculate a
diffusion coefficient for the mobile species within the film, coating, or in the NDL using
the same eguations. For large values of the argument (the red region of the Nyquist plot,
above), the tanh and coth functions both approach unity and the impedance has the same
wdependence as the Warburg. This region can be used to estimate Yo.
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If the thickness of the NDL (for RDE) or the thickness of the film is ©, then the constant B
is related to that thickness and the diffusion coefficient, D. B characterizes the time it
takes for a reactant to diffuse through the NDL or thin film.

B=5/4D

(http://www.consultrsr.com/resources/eis/diff-o.htm)

7. Finite Diffusion

Symbol : T
Parameter(s): Ty, Tb
1
Z. =———coth[T,/s]
Ts
Formula: y

The T circuit element is characteristic of another type of film -- a film which contains a
fixed amount of electroactive substance. The classical "thin layer electrochemistry” cell is
an example of such a system. Batteries or supercapacitors also may share this behavior.
The common feature is the fixed amount of electroactive material present. Once it has
been consumed, it can not be replenished.

The figure to the left shows the Nyquist plot for the
T diffusion element. Like the 0 element, the T
element is characterized by two parameters, an
T "admittance" parameter, Yo, and a "time constant"

- parameter, B (units: sec2). At high frequency ( f >
2 / B2) the T circuit element is indistinguishable
from a Warburg impedance! This frequency range is
f>21’52 7= B "Yn shown in redi in the figure. Since the time for a
/ 3 molecule to diffuse across the thin layer is much

_ZII

longer than the period of the AC stimulus applied the
electrode does not 'see' that the film or coating is of

Z finite thickness.
A Nyquist plot for the T element

At low frequency, the T element looks like an R and
a Cin series, with R=(B/ Yo) /3

The equations for the complex admittance ( Y(m@m) ) and complex impedance ( Z(m) ) are
given by the equations below. The T circuit element gets its hame from the hyperbolic
tangent ( tanh[] ) admittance response.
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Z(w) = Ebl—jJ_m coth[B jm] 'I'(m)={YD j'm}tanh[B jm}

Yo has the same definition as for the Warburg impedance. Yo can be used to calculate a
diffusion coefficient for the mobile species within the film, coating, or thin layer cell using
the same equations. For large values of the argument (the red region of the Nyquist plot,
above), the tanh and coth functions both approach unity and the impedance has the same
wdependence as the Warburg. This region can be used to estimate Yo.

If the thickness of the thin layeris @, then the constant B is related to this thickness and

the diffusion coefficient, D. The parameter B characterizes the time it take for a reactant
to diffuse from one side of the layer to the other.

B=5/4D

http://www.consultrsr.com/resources/eis/diff-t.htm

8. Homogeneous Reaction(Gerischer)

Symbol : G
Parameter(s): Gy, Gk
1
Z; =

+
Formula: GV“GK S

The Gerischer ( G ) circuit element was first derived for a preceding chemical reaction
happening in the bulk solution. This is the so called CE mechanism.

A Es 0x 2% Red

A Gerischer has also been used to model a porous electrode (ref2).

On a Nyquist plot, it looks quite a lot like the 0 diffusion element (diffusion through a thin
layer).

Al | The figure to the left shows the Nyquist
O plot forthe G diffusion element. The G
\ element is characterized by two
/ parameters. an "admittance" parameter, Yo
G . 12 (units S-s1/2), and a "rate constant"
Z=1';Wﬂlf }‘\ parameter, k (units: s ). At high

Z' frequency the G circuit element is
A Nyquist plot for the G element. Itis not as high as indistinguishable froma warburg
an O element with the same intercept. The value of impedance! At high frequency, it presents
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the low frequency intercept for the Gerischer is a 45° line on the Nyquist plot and a
shown. straight line with slope of -1/2 on the Bode
magnitude plot

The equations for the complex impedance ( Z(m) ) and complex admittance
(Y(®@) ) are given by the equations below. (Ref1)

Aw)=1Y Jk+ jo|  ¥(@)=Y [kt jo

Yo has the same definition as for the Warburgimpedance. Yo can be used to calculate the
diffusion coefficient for the mobile species using the same eqguations as for the Warburg.
The high frequency region can be used to estimate Yo

http://www.consultrsr.com/resources/eis/gerischer.htm

9. Spherical Diffusion

Symbol : S
Parameter(s): Sy, Sk
1 1

Z,=———
Formula: Sy\/_-h/g

10. Finite-Length diffusion at planar particles

Symbol : X
Parameter(s): Xr, Xc
Formula: Zx=sqrt(3*Xr/Xc/s)*CotH(sqrt(3*Xr*Xc*s))

11. Finite-Length diffusion at spherical particles

Symbol : Y
Parameter(s): Yr, Yc
Formular:Zy=Tanh(sqrt(3*Yr*Yc*s))/(sqrt(3*Yc*s/Yr)-Tanh(sqrt(3*Yr*Yc*s))/Yr)

12. Finite-Length diffusion at cylindrical particles

Symbol : Z
Parameter(s): Zr, Zc
Formula: Zz=Zr*Bessell(0,sqrt(2*Zr*Zc*s))/sqrt(2*Zr*Zc*s)/Bessell(1,sqrt(2*Zr*Zc*s))

F. Simple elements (User defined elements)

Simple element is User defined element. User can define specific symbol as functional
element in SIMPLE category.
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Note: It is for only advanced users. If you want to use this function of ZMAN, please make

contact with us.

+ Model Editor
File Categery Model

&Jao

Category | SIMPLE |

| - |
|

General Para De\e;.e

Simulate

Aljas Faralle

Apply Values to Non-Basic Models

Figure 193. Simple category editing.

1. New/Edit element

symbol [p [7]
F =
Alias = reuit
Formula | v
Pr/(1+s+Pr j L 7
K
M
N
u
v

Figure 194. New/Edit Model in simple category

Select one Symbol. Available Symbols are one among A, B, D, E, F, H, I,J, K, M, N, P, U

and V. Valid symbol is dark and used symbol is grey
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+ New/Edit Model in Simple Category

Symbel

T |———cy

Alias ‘Fara\lel RC Circuit

Formulz \/

+ New/Edit Model in Simple Category

Symbol

Alias ‘Paral\el RC Circuit
Formula
Pr/(1+s*PrePc)/r

Figure 195. Formula input for user defined model.(Left: formula correct)

Type “Pr/(1+s*Pr*Pc)” in the Formula tab. If the formula is correct, then green check
mark will appear but if it is incorrect then check mark’s color will be changed to grey.

and click OK button

* Model Editor
File Category Model

J
Category [SIMPLE [E]
e F

Genersl | Parameters | Formuls Evaluation
Meaning Default -

pr ‘Paraliel /| 1000

Pe Parallel C 166

Figure 196. Default parameterinput

Input each default value in the table of Parameter tab and type each parameter’s
meaning.

stegory  Model

* Model Editor

File Category Model

Category |SIMPLE [=]

General | Barameters Fermula | Evaluation
E@ Frequency Range | 100u | ~ \ﬂ
500.0 —
e Zhwz [T
400.0- o s
= % a
E o004 o7 2
=) o o
i 200.0- SD a
%
100.0
o6 T T T T
00 2000 4000 6000 8000 10k

zohml g

‘ General | Parameters Formula ‘ Evaluation
nt @ Frequency Range | 100u| - [ 1.00m
1k -0

100-] o S
= 7 =
E j 40 E
5 104 e
ER Gl

H --80
100m- --100

1u 100ul0m 1 100 10k 1M

Frequency Mzl Rl

Figure 197. Evaluation tab
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Click Save to save it.

Example: How to Add M Symbol

1. Open Model Editor
rﬂ Model Editor ] i._ E

File Category Model Tools

[®/[&)la]00[x]e)
Coegoy [swpe [+

v

General Parameters Formula Evaluation

Pr/(LsPIPC)

Select SIMPLE in Category List box

Select Model >> New/Edit...

Select "M” in Symbol List box

Type “Restricted Linear Diffusion” in Alias blank

Type “Mr * Coth(sqrt(s*Mt)) / sqrt(s*Mt)” in Formula blank

QUAWN

FE MewyEdit Model in% ple Category @1
Symbol  |m E

Alias ‘Resmctect Linear Diffusion |

Formula V’

| Mr * Coth(sqri(s*Mt) / sqri(s*M) o

o ] [ conca |
7. Click OK button

Add Category

1. In Model Editor, select Category >> New... in menu bar
2. Type “Supercapacitor” in Category combo box
3. Type “"R1-L1-C1|(R2-M2)” in Model blank
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Model  |RI-L1-CLIR2-M2) -

4. Click OK button
5. Click Parameters tab in lower tab control
6. Type values as following picture

CLETE
qfrle Category Model Tools

205 [,

I General Farameters

Meaning Default -

R1 internal resistance 0.03161
L1 inductance due to connection 9.845E-8
€1 "double layer capacitance 0.01559
R2 charge transfer resistance 0.00423

diffusion

7. See whether the model is properly created.
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I3 Mods! Editer =)
File  Category Model Tools

2l o=e

Category | SUPERCAPACITOR [=]

RE-LI-C1[{R2-M2) -

General | Parameters Formula | Evaluaticn

= e T B
E Frequency Range | 100.00m | | 1000k

60.0m
50.0m—
40.0m-|
30.0m+
20.0m-]
10.0m-]
0.0

-10.0m ; : ;
300m  350m  40.0m 450m  50.0m

Tohml

-2 [Chm)

2. Delete element

Click Delete to erase element in Simple category

3. Apply values to Non-Basic Models

You can change parameter default value and it can be applied to other category as their
default value by selecting “Apply Values to Non-Basic Models”

4. Set color codes

You can set color for each element for modeling. You can select ™ set color codes” on tools
menu.

Color Code ﬂ

B
i
»

‘ Choose Color .

ooo0oooEEEOEOE
ZEzrm-"SITommogom

Figure 198. Color code setting
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G. Parameter Simulation

ZMAN provides unique simulation function. This function can display multiple impedance
spectra following parameter value change as matrix.
There are two way to simulate.

1. From Model editor

This function can be used for default parameter change for the selected model or for
study the impedance spectra for the selected mode.

You can select model in model editor for simulation.
% WModel Editor =)

File Category Model

B Sy

Category |CORROSION COATING

C1|((Q1|R1|(R2-Q2)1-Q3(R3-Q4|R4)
C1|(R1|(R2-C2)-(Q1[R3))

]

Ls-R-C1|(R1-Q|(R2-LL[R3-C2IRA)
Ls-R-C1{R1|(QL-R2)|(L1-R3)|(C2-R4) -

General | Parometers | Formuls | Evelustion

[
E Frequency Range | 1.00u| ~ | Loom

300.0-
ZwZ [a°
250.0-|
£ 20001 s
51500 _goccas, £
& 1000 # !
50.0-]
00-| . :
00 2000 4000 6000

Z [ohm] HER

Figure 199. Model selection for simulate

Click simulation button@ the simulation window will appear.

[ simulation (15-Rs-CLIRL-C2IR0] =] fien]
% ol 5
& Select [>> simulate i e [ selection Color
I [ show tag 100.0m
Automaticall it
[ Automatically updete el
[ name Vae -
| L= 10n 90.0m-
Rs 100m
c1 1m 85.0m=
R1 100m 80.0m-|
c2 im
R2 100m 75.0m-
70.0m-
65.0m-
60.0m-|
o, 935.0m-
S
G 50.0m- I
Column Row 'y
Y 4s.0m- I
Parameter Parameter
| EN ] A
Mapping Mode  Mapping Mode 35.0m~{
Btin @ Sn @
Olin @log = Ctin @ log |
Lef Top
W[ wou] || 100 25.0m-|
Right Bottom
oL ot 20.0m-|
[ k| | [ 10k
Saimplas Sampies =00k
[ wg] | [ 108
e a7 10.0m-|
Frequency 10kHz | 2B
- 7 0.0: g T T T T T T T T
| in 200mHz | ‘ Max 10kHz ‘ 1000m 1200m 1400m 160.0m 1800m 2000m 2200m 2400m 2600m 2800m  300.0m
2 [ohm] [y

Figure 200. Parameter simulation window

a) Select parameter
You can select two parameters to view simulation result following these two
parameter value changes.
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b)

<)

Column Row

Parameter Parameter
c1 [«] [r [=]

Mapping Mode Mapping Mode

D Lin @ Leg D Lin @ Log
Left Top

| 10u| | 10|
Right Bottom

| k] | 10k|
Samples Samples

[ 0@ [ wF

Figure 201. Parameter selection

1) You can select log scale or linear scale for matrix.
2) Parameter value range setting: Max. Min value for simulation
3) You can change matrix value for X, Y samples (default value is each 10).

Simulation

Show tag
Automatically update

1) Show tag: If you checked on show tag, matrix simulation spectra will be displayed
with X,Y value.

2) If you check on Automatic update, then simulation will be done automatically
whenever you change the parameter.

If you did not check on above two check box then when you click button,
you can see simulated matrix view.

% Simultion [C1RICZRE-CHIRWI [BEE)

[ e

5 show tag
Automatically update

AN N SN S A
: S/ S S S S o A S
: N AN A S S oS o S
N A AN A S o o S S
| A N A o ool o o S
VNN o S oS
OOV L S oS
NN S oS
NN S S o/
aaalala e eV

Figure 202. Parameter matrix display

Frequency range for simulation

Frequency 100MHz

| Min10uHz| | Max 100MHz |

Figure 3. Frequency range

You can extend frequency range by input minimum frequency and Maximum
frequency at left bottom side.
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d)

e)

=)

e | WY VOV OV VOV Y
S IVOVOVOVIV VIV VY
VIV VY VY
VOO (VY
| PVOVOV NV~ (VY
POV A VY
OO VY
2w OO AV
o | OO AV
== OO AOVY

Figure 203. Change frequency range 10uHz to 100MHz for simulation

Selected Spectra
You can select one of simulated spectra by clicking on it. Selected color can be

changed.
D Ml selection Color

VOOV
IOV OOV VY
NV VY (VY
VOOV Y Y OV
MOV~ VY
NaYaraTaTaYalNlaYaY
aYaYaYaVYaYaYaNiaYaY
aYaYaYaYaYaYaiaa)
aYaYalalaYayeaNiala)
aYaYaYaYaYaleNiava)

Figure 204. Simulated spectra selection

If one spectra was selected, those parameter value will be displayed at left side
parameter information.

You can also see bode, Nyquist plot or model pictorial for selected spectra by clicking

Model default parameter value

If you selected spectra on simulation and click button, then selected
spectra’s parameter value will be saved as the model’s default value.
If you do not want to change model’'s parameter default value inside the category, do

NOT click button
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2. From data fitting

This function can be used for determining initial parameter value for further fitting or for
study the impedance spectra for the selected mode.

You can enter simulation from fitting result

T ok T SRR =)

| [2penoa o cipsons

Figure 205. Fitting result

Click simulation button@ the simulation window will appear

Bl Ja 2 mssomncon

ol aaalaaaaaa
NN
e VaVaWaWaWaWaVWavave
| RN aa
| aaaaaaaaa
=5 7= 5| NN
=R AN
e aaaaansss
=l OO~
= OO

If you check on show data, you can see simulated spectra(blue color) with raw data(grey
color).

You can extend max frequency or min frequency for fitted result by inputting maximum
frequency value and/or minimum frequency value.

Frequency

 MinTuHz| | Ma] 1MHz |

[Cshowtag  [¥] Show Data
Automatically update
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Name

Ishowtag  (¥)shou Data
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100
i
(

\ /) \ /
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Figure 206. Matrix simulated spectra with raw data

m —— = =
NGYYRaaaaaa b
saaa’ae’alas E
INISINISISONCSOSS s -
CNININCSINONCSOST=7 =
CHNNCN NN . N
NSNS Z7720 ] |1 = s = i

Figure 207. Simulated graphic display

Regarding to other function, refer to the above “1. From the model”.
If you selected one of simulated spectra and click select button, the parameter will
transfer to fitting menu. You can fit from these initial parameter values

Viceing ©

e
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Chapter 8 Automatic Model Search

ZMAN has unique function namely Automatic Model Search. User who is not familiar with
EIS model, they can find suggested models which are better fitted with their data.

To do automatic model search, you need to upload your data to project side.

And select Analysis-Modeling in menu.

B
freq (hzl HEel

Figure 209. Automatic Model search selection

A. Searching Parameter Setting

Click search model button then the following box will appear.

C G POLYMER (20) >

Remove Duplicates

Parameters

Free but must stay positive [=]

Initial Guessing

Method Simple Circular

=]
Nenlinear Fitting
=]

Data Sequence |z Real & Imag
Weighting Factor |Modulus to Data [+

Bisquare Boff

Do you want to start searching process?

Figure 210. Automatic Searching Condition

1. Target Category selection

You can select single category or multiple categories which will be used for searching.
Default selection is all categories selected. It will take longer time to search models than
with selection of single category.

Option: Remove duplicates On/Off
If this option is ON, duplicated model in various categories will be skipped in searching.

If user make their own categories which contains proper models for their test, searching
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time will do not take long time to get best result.

If you want to use multiple categories for searching, select categories by mouse click
under pressing ctrl key

Target Categories

SIMPLEQ) .
[SATTERY 2 SUPERCRPACITOR (27—
CONCRETE (9)

CORROSION COATING (51) -

Remove Duplicates

Figure 211. Multiple categories selection

2. Parameter value range

Parameters

Free but must stay positive =1
Free may be positive, zero, or negative
In{ ~ Free but must stay positive

Figure 212. Parameter range selection

You can select searching condition in parameter value range.

If you select “Free may be positive, zero, or negative”, Fitting parameter value can be
under zero value (artificial value).

If you want positive value only for parameter value, you must select “Free but must stay
positive”

3. Initial guessing method

Initial Guessing

Method Simple Circular [=]
Mene

Monlinear Fitting J Simple Circular
Genetic Analysis

Mata Sennenrs

Figure 213. Initial guessing method selection

There are 3 methods.

a) None: If you select None, Searching process will start from default parameter value in
each model. If you have proper model library for your data, this is recommended for
initial guessing.

b) Default method is Simple circular method. This is assumed that Nyquist plot contains
circular shape and finding initial value to start fitting.

c) Geneticalgorithm. This method put random value matrix as initial value and try to find
proper initial value. It takes much longer time than simple circular method. If you fail
to find proper model, you may use this method.

With Simple circular method or Genetic algorithm method, parameter default value in

model will not be used.
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4. Nonlinear fitting

3 Select Target Categ|VAZ REANEIma0 Y
Z Real

Target Categories Z:Imag

Z: Mag & Phase
SIMPLE (1) ZMag
BATTERY & SUPER (DS S
CONCRETE (9) ¥: Real & Imag

CONDUCTING PoL [N
CORROSION COATY . 1r7aq
Y: Mag & Phase
¥: Mag
Parameters ¥: Phase

M: Real & Imag
Free but must st pags
M:Imag

Inital Guessing M: Mag & Phase
M: Mag

M: Phase

£ Real & Imag
£ Real -

Data Sequence [ Z: Real & Imag [~]
Weighting Factor | Modulus to Data [~

Bisquare ot

Method

Nonlinear Fitting

Figure 214. Nonlinear fitting

a) Data sequence
You can select data set which will be used for nonlinear fitting.
Default data set is Zreal & Zimg.(Nyquist)
For some data, you can use Zmag & Zph (Bode)

b) Weighting factor

Menlinear Fitting

Data Sequence | Z: Real & Imag [=]
Weighting Factor | Modulus to Data [=]

Unity
Proportional to Data
 Modulus to Data

Bisquare

[P

Figure 215. Weight factor selection

You can select weighting factor as unit, proportional to data or Modulus to data.
Default setting is Modulus to data

c) Bisquare
Bisquare obtains the slope and intercept using an iterative process and calculates the
residue using the same formula as in the Least Square method. This option takes
longer time but more accurate.
Default setting is off.

When you select searching condition, click OK button then searching process will start.

B. Model finding Criteria Setting

You can set model finding criteria for model searching by selecting options in Tools.
* ZMAN - zahan

ile nalys | [I5 E“|

Project m Model Editor... i[t

=0 =R
Figure 216. Option Menu
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1. For Simple circular initial guessing and no initial guessing

Modeling of Data | Genetic Analysis

Maximum number of evaluations: m

Maximum number of evaluations of the model in each
round
Default = 180, Range = (10, 1000)

Convergence parameter for Chi-square: 2.220446E-16

Minimization process terminates when the relative error in
Chi-square is less than the valus

Default = Machine Epsilon(2.220446E-16)

Range = (2.220446E-16, 0.01)

Ok Cancel

Figure 217. Modeling of Data for searching criteria

If you select no initial guessing or simple circular initial guessing for automatic model
searching, you can set limit criteria for ZMAN to determine the model.

a) Maximum number of evaluations; Default value (180)
This setting value is maximum number of evaluations of the model initial guessing
and fitting in each round.
Input number range: Minimum 10 to Maximum 1000
If you input larger number, the searching result is more accurate but it takes much
longer time.

If the fitting result in Chi-square meet following “Convergence parameter for Chi-
square” before setting "Maximum number of evaluations” number, Model searching
to move to next model.

b) Convergence parameter for Chi-square; Default value (2.220446E-16)
Minimization process terminates when the relative error in Chi-square is less than the
setting value
Input number range: Minimum 2.220446E-16 to Maximum 0.01
If you input small number, the searching result is more accurate but it takes longer
time.
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2. For Genetic algorithm

+ Options

Modeling of Data | Genetic Analysis
Population Size:

Murnber of individuals within each generation
Default = 50, Range = (10, 1000)

Number of Generations:

Murnber of generations (iterations) to be computed
Default = 500, Range = (10, 5000)

Figure 218. Genetic algorithm for searching criteria

If you select genetic algorithm initial guessing for automatic model searching, you can set
limit criteria for ZMAN to determine the model.

a) Population size: Default (100)
Number of individuals within each generation
Input number range: Minimum 10 to Maximum 1000

b) Number of Generations: Default(500)
Number of generations(iterations) to be computed
Input number range: Minimum 10 to Maximum 5000

C. Searching process

T T Tk u
Freauency (] P10

Figure 219. Searching process

1. Start searching

During searching process, searching engine is trying to find proper model and displaying
spectra matching process graphically in real time. You can see the tracing process in

Nyquist plot, Bode plot and error diagram.
(TS Ll L
1st Round

Figure 220. Process bar
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If the process bar is working, The software is running (complicated model may take long
time).

2. Stop searching

Stop
If you need to stop during searching, click ‘O button.
If fitting process is complicated with multiple parameter model, it could not be stopped

||
promptly. In this case stop button will be changed button. After calculation,

searching process will be stopped.

3. Change searching condition

If you stopped or finished searching process, you can change searching process by

clicking button then searching condition menu will appear. You can restart searching
with new condition.

D. SearchingResult

When searching process finished, you can see the model list on left upper side. List will be
arranged by chi square value.

1. Extensive fitting

If you did not set Bi-square option when you search, you can use it at this moment to find
best model.

1
To do this, check on Bi-square option and click “minimize 1 round” button.
If fitting process look to need further process by tracing trend, you can click

10
“minimize 10 round” button. This button will do 10 times repetition of “Minimize
lround”.
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[CORROSION COATING) Re-QIRI(O1-R)(L1-R3)(.2-R4) (@2-85] 1
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e Frequency 2]

Figure 222. Bi-square fitting

If the result(chi-square value) order is different from previous, you can rearrange the

order by clicking button.

2. Fitting by parameter range

You can check the fitting result and if you want to change parameter range, you can
change all parameter range by clicking right button of mouse at “Free” character’s area
then popup menu will appear.

- Vb Frear -l
Make All Parameters Free
Make All Parameters Free(Positive only)

Copy to Clipboard

Qy2 38.616m -
Qa2 1 -

CLLLLLE

Figure 223. All parameter range selection

You can change parameter range by clicking parameter range marker.
Parameter range setting markers are

O : Fix
Iil: Positive value only free

: Negative/Positive value free

3. Initial guessing/fitting

From the result, you can try to fitting for each model on result list.
Generally do not use initial guessing on result.

: Simple circular method
: Genetic algorithm method

4. Re-searching model
Based on searching result, you can search the result model again in chi square order.
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In this case, select “no initial guessing” and click start button

05110 = |
@ Mo Initial Guessing ) by Simple Circular ) by Genetic Analysis
Figure 224. Re-searching model

5. Singular matrix result

At category display region, If the result is singular matrix error, @ tag will be displayed.
If the result is successful, +tag will be displayed.

If the singular matrix happens, you can see the reason at left bottom side.

[CORROSION COATING] Rs-(Q1[R1|(Q2-R2)|(Q3-R3)[{C1-R4))
Singular Matrix - Fix Rs - 1 Rounds

Number of Function Calls = 12

Reduced Chi-sqr = 2.441715E-10

R square = 1

Degree of Freedom = 174

Elapsed Time = 377 ms

-

Figure 225. Fitting process report

As following to fitting process report, fix some parameter by clicking parameter range
setting marker to status and try to fit again.

6. Ending Search process

If you find proper model by automatic model searching function,

you must click
Selact
utton.
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A. How to plot data in a graph.

Chapter 9

1. Select a data set

Impedance Data Plot

Select a data set from a data series or individual data files from Project (Section “C"). This
will be shown in a graph.

Figure 226. Project file data preview

\E‘ |16y 17-06-32-761

D:#ZMAN Datatscap_celltotal.zmp

lmpednes 2] emoycolcsp 11|

A B £ -
Frequency [Hz]  Zraw[Ohm]  Z'raw[chm] [
o’ s0 0000498  -2723528E-6 ||
1 38713184 0.00047 -5.732234E-6
32 29974213 0000364  -8007504E-6
3 23207944 0000358  -1065126E5
4 17.969068 0000359  -LA4STEIES
5 13912797 0000362  -1745444E5
& 10772173 0000359  -L738133E-5
P2 8340503 0.00036 -2.434328E-5
8 6457748 0000364  -2844351E5 -
< i '
B [an Pic (
] ] » |
22m
P |
e [ Fted 7]
1.8m /
1.6m #
14m /
E o
& 12m i
K 1om 4
800.0u-| 4
600.0u-|
400:0u-{ f
200.0u j-
gt o o

G T T T T T
350.0u 375.0u 400.0u 425.0u 450.0u 475.0u 500.0u

Z' (ohm) (== Peliyl]

2. Select Plot Option

Select one among the following three options from Plot menu. If you want a parameter
plot, skip this step.

 Plot Items g

@
=) show Raw & K-K Data

| © Show Raw & Fitted Data

Show Only Raw Data

Figure 227. Plot display selection for 2D plots (except parameter plot)

Show only Raw Data
Show Raw and K-K
Show Raw and Fitted-Data
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3. Plot formats

Available graph types are listed in the following table.

Type X ' z
) Real part(Z") -Z"
Nyquist
YI YII
yl y2
2D 4 (0]
Bode f 2] z
Z’/ _Z"I |Z|Iq)z
Y, Y, Y], ®y
Parameter Ctrivar1..3 P1..Pn
Nvauist z' No, f, -Z"
yquis v’ Ctrivari..3 v
ZI, _ZII,
3D Z|,®
Bode f #, CtriVarl1..3 ,l l ‘
Y, Y'Y,
Oy
Parameters Not available
. - 1 . -
Where fis frequency, Z=Z'+jZ"=|Z|e'*?, and Y = Z =Y'+jY"=|Y | .

a) 2D Nyquist Plot

¢ MNyquist Plot - Contents ﬁ

@ Impedance, -Z" vs Z'
) Admittance, ¥ vs Y'
7 Madulus, M" vs M'

) Dielectric Constant, -E" vs E'

oK Cancel

e =

Figure 228. 2D Nyquist plot’s display selection

Figure 229. Impedance & Admittance plots
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Figure 230. Modulus & Dielectric constant plots

b) 2D Bode Plot

r —
. Bode Plot - Contents I Q

@ |Z] & Phase () |¥| & Phase () |M| & Phase (O |E| & Phase
Bz Oy am

& -z Fy &M

&z @y M| Lo 2]
(' Phaseof Z  (D'Phaseof ¥ () Phase of M (21 Phase of £

o

& E
Frequency i)

Figure 232. |Z|& phase, |Y| & phase, |M| & phase, |E| & phase plots
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Figure 233.Z',Y’,M’,E" vs. Frequency plots
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Figure 234.Z",Y"”,M"”,E” vs. Frequency plots
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Figure 235. |Z|,|Y|,|M|, |E| vs. Frequency plots
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Figure 236. Phase of Z’,Y’,M,E’ vs. Frequency plots
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c) Black Nichols Plot

+ Black-Nichols Plot - ...

@ Impedance, |Z| vs Phase

() Admittance, |Y| vs Phase
() Modulus, [M| vs Phase

() Dielectric Constant, |E| vs Phase

[ QK | [ Cancel

Figure 237. Black Nichols Plot’s display selection

mm

L

9 75 10 15 130 175 W0 25 20 7

Figure 238. Impedance & Admittance plot
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Figure 239. Modulus & Dielectric constant plot

d) Parameter Plot

-
* Parameter Plot - Contents u

Medel Parameters

1@ VoltoCy)
%2

X3

o

10005,

Figure 240. 2D Parameter plot’s parameter selection

e) 3D Nyquist plot

For more details regarding to 3D plot, refer to chapter10. Graph

' 3D Plot - Contents =)

3D Nyguist | 3D Bode - Impedance | 3D Bode - Admitiance |

@ Impedance vs. No (7 Admittance vs. No

@ Impedance vs. Frequency () Admittance vs. Frequency
@ Impedance vs. Volt(OCV) & Admittance vs. Volt(OCV)
@ Impedance vs. X2 @ Admittance vs. X2

@ Impedance vs. X3 7 Admittance vs. X3

Figure 241. 3D Graph > 3D Nyquist

% 3D Plot - Contents =)

(R 20 oole -mesdce [opieipmny]

@ |Z] vs. Ne (7 Phase 7 vs. No

© 12 vs. Voltiocw) @ Phase_Z vs. Voltocv)

@ |Z] vs. X2 () Phase_Z vs. X2

0 |Z] vs. X3 (& Phase 7 vs. X3

[ ] [om]

Figure 242. 3D Graph > 3D Bode -Impedance

T {Orm)

P T T

130



[ '+ 3D Plot - Contents ﬁ
3D Nyquist | 3D Bode - Impedance | 3D Bode - Admittance |_
1 [¥] vs. No (&) Phase_Y vs. No
@ [¥] vs. Volt(oCw) (@) Phase_Y vs. Volt{OCV)
@ [¥] vs. X2 () Phase_ ¥ vs. X2
@ [¥] vs. X3 (& Phase_Y vs. X3 M
’ {
| /
i / /-
B A ——
)

Figure 243. 3D Bode-Admittance

B. How to Format Axis Scales

1. Select 2D or 3D Plot settings

Select 2D Plot Settings or 3D Plot Settings from the Plot menu. Y2 axis is available
only in 2D-Bode Plot.

2. Configure Axis/Scale properties

Configure the axis scale properties. Modifications are immediately reflected in the graph.
¢ Use the Format and Precision to formatTick Label on an axis.
e Click Major Grid and Minor Grid Box to change color of major and minor grid color,
respectively. “T” means transparency.
« Make Auto scale ON to automatically adjust the scale.
* Make Loose Fit ON to round the end markers to a multiple of the increment used for
the scale.
» Make Flip Axis ON to reverse min and max positions on the scale.
« Change Logarithmic ON/OFF for logarithmic/Linear scale mapping mode.
 Make Show Cursor ON/OFF to show/hide cursor on the graph.
« Make Show Graph Palette ON/OFF to show/hide graph palette on the graph.

Click Apply to apply the modification to the graph.
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3. Setting

X-Axis
Femin precision
SI Motation = 21

Major Grid Minor Grid | T

Y1-Axis
Format Precision
SI Notation v 15
Major Grid Minor Grid | T

[CAutoscale
[¥] LooseFit
[CIFlip Axis
[]Logarithmic

[C]Autoscale
[¥]LooseFit
[CFlip Axis
[T Logarithmic

Figure 244. 2D Setting

==

Axis
X-Axis
Format Precision [@]Autoscale
SI Notation [ O mFip Ads
Major Grid Minor Grid ] Logarithmic
Y-Axis
Format WGC‘S_‘_D"‘A [¥]Autoscale
51 Notation EH o8 Hrpacs
Major Grid Miner Grid []Legarithmic
Z-Axis.
Format Precision [7] Autoscale
S1 Notation E o8 mrip s
Major Grid Miner Grid [~ Logarithmic

Figure 245. 3D Setting
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Chapter 10 Graph

A. 2D Graph common functions

=PSRN G

1. Legend

AE ‘

B
You can display Legend on graphic region by clicking button on graphic tool bar.
File name change on graph(Just displaying)

A ‘

B
If you click Legend button you can see legend right upper side and you can change
the name by clicking on the name.

1 D
Fitted L
1: Méd-z41
Fided L
2: NiCaé-z51
Fitted L
3: NiCad-z61
Fitted L

Figure 246. Legend

Click on file name and change it.

2. Side function of Graph

You can use this function only when Legend is ON.
Move the cursor to Legend and click on box right side of file name then pop up menu will
appear.

a) Common plot

- Color 14
Line Skyl »
e widn

Anti-Aliased

Bar Plots

Fill Base Line
Interpolation
Paint Style

|2ap] Z Jo aseyd

# Scale

v wvwvww

Y Scale
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Figure 247. Legend menu

b) Line color

~15.0 0 HiCad-z31 [~ |
! E‘ Common Flots B
L:HiCadzdl [N
B[] T
Line Style »
— e >
Anti-Aliased
Bar Plots

U " .

OO0000000000000000| Fisestne

History Interpolation
O

»

»

System 4

00000000000 OE0OmEE Point Style b
»

»

-GR:DG:DB:D  Scale

Space bar toggles color selection, ¥ rals
¥ T l

Figure 248. Line color setting

c) Linestyle
|

0: HiCad-251 E Cormmaon Plots B

L HiCad-z41 [/ o ,
alor
| Linewidth
________________ Anti-aliased
—_—— e — - —- EBar Ploks 3
R Fill Base Line  »
Interpolation B
Foint Skyle 3
¥ Scale »
¥ Scale »
_

Figure 249. Line style setting

d) Line width
I

0: HiCad-231 [/ Cammon Plaks  p
1: HiCad-z41 |
|: Calar 3

2: Niad-251 E Lire Style »

anki-aliased

Bar Plats

Interpolation

_—
— | Fill Base Line
——

Point Skyle

v rwwr

% Scale »
¥ Scale »

e

Figure 250. Line width setting

e) Bar plot
] |
15.0 0:WiCadzBl | cormonPlats b
LHicadatl [ N
WGl [ pestyle b
3: HitCad-z51 E Line Width 3
Anti-Aliased

Interpolation

m Y m Paint Style

< »
Fill Base Line B
»
»

¥ Srale 4
¥ Scale »

= =ir g

w

Figure 251. Bar plot setting
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f) Interpolation

0: MiCad-z31 [ |

Cornmon Plats b

L HiCsdzdl [
2:HiCad=S1 [
% HiCad-z6l E

Calor

Line Skyle
Line Width
Anti-Aliased

Bar Plots
Fill Base Line

Interpolation

Paink: Skyle

# Scale
¥ Scale

Figure 252. Interpolation setting

g) Point Style

U: MiCad-=41 Ii
LiHiCadetl [
2 Hitadasl [
3:HiCadzsl [

Common Flots p

Calor

Line Style
Line Width
Anti-Aliased

Bar Plots
Fill Base Line

S " +

# Scale
W Scale

Figure 253. Point style selection

3. Rescale to show all

This function will redraw the graph to initial scale by clicking ‘

bar.

4. Cursor Mode

button on graphic tool

Cursor On/Off: You can make cursor mode on by clicking E button on graphic tool bar.
If it is enable, you can see cross hair type cursor.
If you click on cross hair cursor location, you can see the cursor value display at nearby

cursor point.

| e

i]ialisl aj o]

Figure 254. Cursor data display
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Cursor will be displayed as cross hair. You can move the cursor position with your mouse
or keyboard left/right direction key. Cross hair cursor’s color will be changed by file’s
color. By keyboard up/down direction key, you can select data file which were overlaid.

When cursor mode is activated (on), 3 menus will be activated.

Show 3

Remowve Bad Data

Rescale to Show All

Bring Cursor to Center
Go to Cursor

Items...
Contents...
Axis

Export Image to Clipboard

Figure 255. Pop up menu on 2D graph

a) Remove Bad data; You can delete bad data on cursor located.
You must check on cursor for this function. Select bad data using cursor function and

click "Remove bad data”

Remove Bad data

Rescale to Show All
Matching Scales

Bring Cursor to Center
Go to Cursor

ITtems..
Contents..
Ais...

Export Image to Clipboard

Figure 256. Remove bad data

b) Bring Cursor to Center:
If you check on this function, cursor will be located on center point of zoomed area.

o B - wEw

Figure 257. Zoom up display
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If you click cursor button E but cursor was not displayed on the screen then

select “Bring cursor to center”.
The cursor will be located nearby center position.

F 4 S—-

Figure 258. "Bring cursor to center” function

Please note that the data should be located in center position. You can use move

to move the display position.

button

5. Zoom

For zooming Click @ button and drag the area

6.0mn -

4 Omn - _

-Z" [Ohm]

001

-2 0o ;
5.00m 10.00m

Figure 259. Before Zoom up

Mouse selecting an area to zoom up

36m-
3.0m-

2.0m-

1.0m-

-Z" [Ohm)]

0.0+

-914.8u- 3 [ [ [
5.51m 6.00m 7.00m 8.00m
Z' [Ohm]
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Figure 260. After zoom up

6. Axis scale

E 2 Om-|
=)
< 1.0m-
iy
0.0+
-914.5u- S [ [
551m &.00m 7.00m 8.00m

-1 re

Figure 261. Before Max value change

Change maximum axis value by clicking on a value

1.0mn -

500.0u

0.0+

-Z" [Ohm]

914 5u-——— |
5.51m 6.00m 7.00m
Z' [Ohm]

Figure 262. After max value change

B. Graph internal function for Bode, Nyquist & Black Nichols plot
Move the cursor inside the graph and click right button, the following sub menu will then

appear.
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Palette
Remowve Bad data
Cursor
Rescale to Show All : 4 E
mpedance
Matching Scales / pe. )
Admittance, ¥
Bring Cursor to Center Modulus, M
Go to Cursor Dielectric Constant, E
Itemns... Only Raw Data
Contents... Raw + KK
Axis. . Raw + Fitted
Export Image to Clipboard | """ e
T = e T — - ""I:.‘_:'h_

Figure 263. Graph function menu

1. Show

a) Legend On/Off: If you check on Legend you can see Legend on the graph

&
you can click

? (1) ktul [+®

; @) ktuz
i &) ktu’a
Sl e
f ; (5) kts
(6) kius

I3
+

LLTTS

Figure 264. With legend

b) Palette on/off
L]
You can enable/disable the palette function. -ﬂﬂﬂ
Graph Pallet

Figure 265. Graph pallet

c) Cursor On/Off
Refer to the above Cursor mode

If You can select Impedance, Admittance, Modulus or Dielectric constant
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d) Impedance

- o i ——

e | Eww |

Figure 266. Impedance

e) Admittance
. . ——————— ]

e e e |
(RN |

Figure 267. Admittance

f) Modulus

e
= Ty -
e
I rane)
] = 3 B e ke w e g pi =2 I =
| maw |

Figure 268. Modulus

g) Dielectric Constant
i o ———— = | T —— T ——8SN——\SNSS—— . il

e | = |

Figure 269. Dielectric Constant

h) Only Raw data
Plot with raw data only
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ziom

Figure 270. Raw data only

i) Raw+Fitted
Plot with raw data and fitted data together.

aaaaa

e mhec Wbk mhe ambr ek wb ik ik sie Rk ik
" b

2. Remove Bad data: You can delete bad data.

Refer to the above cursor mode

3. Rescale to show all

Initiate graph scale.

4. Matching Scale (Only for Nyquist Plot)

The Nyquist plot will be displayed with the same scale for X axis and Y axis.

Figure 271. Show all scale(Left) & Matching scale(Right)

5. Bring cursor to center

Move cursor location to center of graph at Y axis value
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T AN .,/"/ B
e ——
yd "'\\ 5
Figure 272. Bring cursor to center

6. Go to center

Move graph location to current cursor location as center.
T
.'/" g ‘.lt"-.‘ —l “"
= ‘\ -
Figure 273. Go to cursor
7. Item

'+ Plot Items

You can select file to plot and select raw data or raw + fitted data or Raw+K-K Data.
=
Item

@ Show Only Raw Data
Show Raw 8t K-K Data

(71 Show Raw 8 Fitted Data

-

| o

Figure 274. Plot item selection

8. Contents

You can select plot type
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a) Nyquist plot
[ Nyguist Plot - Contents %1

@ Impedance, -Z" vs Z'
) Admittance, ¥" vs ¥
71 Modulus, M" vs '

(7) Dielectric Constant, -E" vs E'

oK Cancel
-

Figure 275. Nyquist plot contents

b) Bode Plot

= |
. Bode Plot - Contents h&i

()|Z] & Phase @ |Y| & Phase () |M| & Phase () |E| & Phase
ez Oy om OF
,"Z" ‘ilvu 'i‘M" ':i'E"
S1Fi| By M) ) [gl
D Phaseof Z (D'Phaseof¥  (2) Phase of M () Phase of E

'

oK Cancel
i

Figure 276. Bode plot contents
c) Black Nichols plot

+ Black-Nichols Plot - ...

@ Impedance, |Z| vs Phase
) Admittance, |Y| vs Phase
(£ Modulus, [M| vs Phase

() Dielectric Constant, |E| vs Phase

QK Cancel |

Figure 277. Black Nichols plot contents

9. Axis

You can set graph properties.
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K-Axis

Format Precision [F]Autoscale
SI Notation =l [ 2f Eroosrt
Major Grid Minor Grid | T Efgzﬁﬁmic
¥1-Axis
Format Precision [F] Autescale
51 Motation = | 1E| Miooserit
Major Grid Miner Grid | T EEE’E;\;:W(

[ ) [oma)

Figure 278. 2D graph setting

10. Export Image to Clipboard

You can use image in other program Using Windows Paste(Ctrl+V) function

Lom. 850

Figure 279. Paste result

C. Graph internal function for Parameter plot

Fle Bot &wyss ook Hep |
Poea | mmior | goseror | Peeneterpt [ moper |

[EIEEENE]

21k
2611
2536
261¢
25.1¢-
251¢

Parameters

10 12 14 15 13 20 22 2 g 3% 33 4D 42 44 45 45 50 52 54 55 58 60 62 64 66 68 70 72 74 76 78 &)
X

Figure 280. Parameter plot

Move the cursor to inside the graph and click right button, the following sub menu will
appear.
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X Axis
Y Axis

Palette
Cursor

Rescale to Show all

Bring Cursor to Center

= —
G0 to Cursor

Items....
Contents...
Axis

Export Image to Clipboard

Figure 281. Parameter plot me

1. Show
a) Legend On/Off:

If you check on Legend you can see Legend on the graph

nu

Qys
...... ‘... Qas
RIS N N o
Qy1
Qal
Qy2
Qa2
Figure 282. With legend
b) Palette On/Off
c) Cursor On/Off
2. X axis setting
Show »
Log Scale
Y Axis » /X1
Rescale to Show All X2
I Bring Cursor to Center e
Go to Cursor
Items...
Contents...
Axis...
Export Image to Clipboard

Figure 283. X axis setting

X1, X2, X3 will be replaced if you input name for these parameters.
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3. Y axis setting

Show

»

X Axis

»

Log Scale i

Rescale to Show All

Bring Cursor to Center
Go to Cursor

Items...
Contents....
Axis...

Export Image to Clipboard

Figure 284.Y axis setting

4. Contents

. PBarameter Plot - Contents @
Model Parameters Control Parameters
@ x1
@x2
B3
[ 0K ] I Cancel ]

Figure 285. Parameter plot contents

e Other functions are referred to above 2D plot

D. 3D Plot

3D plot can be used for multiple EIS data display or Multiple axis plots.

Cursor Plane

Projection Style 3
Graph Style » X-Y Plane Projection

X-Z Plane Projection
s Y- Plane Projectio
Contents... ~-rane Fro "
Axis_ Only Show Projection
Export Image to Clipboard J Raw Data

o KK Pata
Fitted Bata
r L
> -~

Figure 286. 3D graph Internal function
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1. Cursor

a) Cursor On/Off

You can select Cursor On/Off on Show option or click button at left upper side.

3k
13

ES

Zre [Ohm;

- A
Figure 287. Cursor On at 3D graph Nyquist plot per parameter

With Cursor On, there is X, Y, Z coordinate value with data color. Cross hair cursor can
be moved to other point or other data file by mouse dragging. Up and downward key on
keyboard can be used for moving data on same data file.

Figure 288. Cursor on at 3D graph Nyquist plot per frequency

b) Cursor plane
Cursor plane can be visible by selecting cursor plane on Show option.

o

o' 1€

Figure 289. 3D plot with cursor plane
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2. Plane Projection

Figure 290. XY, XZ, YZ plane projection

You can select plane projection in Show option.

3. Projection Style

There is two type depending on projection style (orthographic or perspective)

“Zirn (O}

&
e rop,,,, &

Figure 291. 3D Nyquist plot (orthographic style)

Figure 292. 3D Nyquist plot(perspective style)

Version 2.2 does not provide surface plot which have provided in previous versions.

You can change the view angle by dragging on the graph
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by Zre [Ohm)

Figure 293. View angle change(Left: orthographic, Right perspective)

4. Graph Style

a) Curve plot

This graph style displays plot as individual plot. Line and dot for each data set is available.

You can show raw data with simulated data or KK plot only in this style.

b) Surface plot

You can show 3D plot with surface.

Show

Projecticn Style »
Curve Plot

Ttems...
Contents..
Auis.

J/ Surface Plot »

Export Image te Clipboard

&

Figure 294. Surface plot option

Line
Point
Line + Point
Hidden Line
Surface

J Surface = Line
Surface Meormal
Contour Line
Surface Contour

e
=
=

&

Figure 295. Surface plot with “surface+line”
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10k

100k

Frequency [Hz]

Figure 296. Surface plot for phase data with “surface”

5. Plot Item

% Plot Items % Plot Items

Item

() Show Only Raw Data
7 Show Raw and KK Dats

=) Show KK Data

@ Show Fitted Data @ Show Raw and Fitted Data

oo Lo | [ concel |

Figure 297. 3D graph plot item (left for surface plot, Right for curve plot)

a) For curve plot
You can select file(s) to plot and select "Show Only Raw Data” or Show Raw & K-K Data
or “Show Raw & Fitted Data”

”

K-K data and Fitted Data selection is only enable status after analysis of fitting or K-K
If you select “Show Only Raw Data”, then Raw data will be plot as solid line with dot.
But if you select "Show Raw & Fitted Data”, then Fitted data is solid line and raw data is
dot

b) For surface plot
You can select file(s) to plot and select "Show Raw Data” or Show K-K Data” or “Show

Fitted Data”

K-K data and Fitted Data selection is only enable status after analysis of fitting or K-K
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6. Contents

You can select one of 3D plot in followings.

+ 3D Plot - Contents
3D Nyquist

3D Bode - Impedance

(-5

3D Bode - Admittance

+ 3D Plot - Contents

3D Nyquist

3D Bode - Impedance

3D Bode - Admittance

3D Myquist | 3D Bode - Impedance

(© Impedance vs. No © Admittance vs. No @ |2 vs. No () Phase 7 vs. No @ 2] vs. No (© Phase Z vs. No
@ Impedance vs. Frequency () Admittance vs. Frequency © 127 vs. XL @ Phase_Z vs. X1 © 7 vs. X1 @) Phase_Z vs. X1
) Impedance vs. X1 ) Admittance vs. X1 omwx © Phase.7 vs. X2 P © Phase 7 vs. X2
(© Impedance vs. X2 @ Admittance vs. X2 @ 12 vs. X3 (© Phase Z vs. X3 @ 12] vs. X3 () Phase Z vs. X3

3D Bode - Admittance

(@ Impedance vs. X3 ) Admittance vs. X3

Figure 298. 3D Plot contents

Cancel Cancel

E. Parameter Plot

After fitting result, you can get parameter plot with fitting result

Show »

X s »
v s »

Rescale to Show Al

Bring Cursor to Center
Go to Cursor

e,

Contents.

At

Export Image to Clipboard

10 12 12 16 18 20 22 2% 30 32 34 36 38 40 42 44 45 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80

Figure 299. Parameter plot

1. Parameter to display

You can select parameter(s) to display on plot by selecting contents in the pop up menu.
't parameter Plot - Contents [ |

M E_>E_!_E| Parameters Control Parameters

| o

—
7l @ x1

Figure 300. Parameter to display

Multiple parameters can be selected by clicking ctrl+click or shift+click
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2. File select

You can select file(s) to display parameter(s) by selecting items in the pop up menu.

3. Axis

Parameter plot can select X1, X2, X3 control value as X axis. X & Y axis can be displayed as
linear scale or log scale.

F. Print

You can print each graph formatusing File menu- Print
'-‘ Printing E

Object Myquist Plot || orientation | Landscape ‘ Qual'\lyiH\gh [=]
 Nyquist Plot
Bode Plot
Black-Nichols Plot
Parameter Plot
3D Plot

Figure 301. Print Menu

1. Graph object

You can select Nyquist, Bode, Black Nichols, Parameter, 3D plot.

2. Orientation

You can select Landscape or Portrait

3. Quality

You can select High, Middle, Low
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Appendix 1. User defined Element Guidel

How to add a new user-defined element?

Introduced by ZMAN 2.3, the "SIMPLE” category provides you with a functionality to easily
make and edit your own circuit elements.

“BASIC” and “"SIMPLE" categories are the sets of circuit elements. Each element is written
in a form of analytical formula. Table 1 shows the elements of BASIC category. Its formula
cannot be edited by a user. On the other hand, you can add and edit your own circuit
elements under the category of SIMPLE. The other categories are for equivalent circuit
models.

In this note, you can learn how to add a new user-defined element in SIMPLE category.

Preparations
Let’s think about the following model:

Figure 1. The model to be considered in this note is as shown here.

In the model shown in Figure 1, diffusion impedance element Z is defined as the following
equation:

Ryycoth [(Tyje)"P]
L= — (1)
(Twjw) P
Whilst you will easily find Rs, Rct, and Q(Constant Phase Element) in the BASIC category,
there is no such element describing the analytical function Z. Therefore, you need to make
a new circuit element of your own as realizing eq. (1).
First, you may symbolize Z as an arbitrary but unused symbol; i.e. V.

Second, you must substitute suitable parameters for Rw, Tw, and Wp elements fromeq (1):

Vr = Rw
Vt = Tw
Vp = Wp

It is due to the specific rule of naming parameters which is as the following in the box:

154



Parameters for circuit Element
ZMAN accepts only the following parameters:

A, AA, AB, AC, ..., Aa, Ab, Ac, ...
B, BA, BB, BC, ..., Ba, Bb, Bc, ...

Z, ZA, ZB, ZC, ..., Za, Zb, Zc, ...

« A parameter must consist of symbol and (or) an alphabetical character.

« A parameter name is case sensitive; i.e. AA and Aa are considered to be disti
nct parameters.

Then, the next step is to rephrase eq (1) into a formula acceptable in ZMAN, i.e. V equals
to:

Vr * Coth(pow(Vt*s, Vp)) / pow(Vt*s, Vp)

where s is jw, Coth(x) is the hyperbolic cotangent of x, and pow(x, y) is the x raised to the
power of y. Table 2 shows the list of functions you can use in formula.

Now, the model depicted in the Figure 1 can be described as the following expression.
Rs—(Rct-V)|Q

The rule for naming elements is as the following in the box.

Elements in Model

Variables are distinguished by names. There are the following rules of naming
variables:

The first character should be a Symbol character(A to Z) and followed by alphabe
tical characters (capital and small letters), decimal digits, and underscore ( _ )

A name is case sensitive; i.e. lowercase and uppercase letters are considered to b
e distinct characters

There is no limit of name length; herewith all characters are significant

Now, let’s start to register V element to Model Editor.

Make a new element in SIMPLE category
Complete the following steps to register a user-defined element in the model editor.

1. Launch ZMAN.
2. In the ‘Getting Started’ window, click the *‘Model Editor’.
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Note Use one of the following methods to access the Model Editor dialog box:

« Click the Model Editor link from the Getting Started Window after you launch ZMAN; or
« Select Tools >> Model Editor... from the menu bar of the ZMAN main window.

From the Category list, select SIMPLE. This displays its elements in the below list box.
Select Model >> New/Edit... to display "New/Edit Model in Simple Category” dialog.

From the Symbol list, select V. Disabled items means that they are used in BASIC category.
Type “Closed Warburg” in the Alias field. This is not necessary but for your convenience.
Type “Vr * Coth(pow(Vt*s, Vp)) / pow(Vt*s, Vp)” in the formula box. If the formul
a is acceptable, you can see green Validation checkmark and the OK button that is en

Nounhkw

Alias  Cloased Warburg |

Farmula Vf

Vr* Coth(pow(Vt™s, Vp)) / pow(Vt™s, Vp) -

General Parameters Formula Evaluation

Alias Cloased Warburg

9. Click Parameters tab and type the suitable values in the “Default” column of the
Parameter Table.
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= =
[ File Category Model

FSEErY |

Category | SIMPLE

| General Parameters.

Meaning

Vr
vt
Ve

10. See the Nyquist and Bode Plot by clicking Evaluation tab.

Now we are ready to handle the model depicted in Figure 1.

Add a new model in user category

Complete the following steps to make a user-defined model in the Model Editor.

1. From the Category list, select TEMPLATE. You can see its models in the below list. Select
Model >> New... and the New Category / Model dialog is showed. If the TEMPLATE
category is not existing, you can add it to the list by selecting Category >> New.... In this
case, you can see the same dialog box.

2. Select "TEMPLATE" or type it in the Category box and “"Rs—(Rct-V)|Q"” in the Model box.
The OK button should be enabled.

Category | TEMPLATE [=]

Alias

Model | Rs-(Ret-V)|Q "

3. Click the OK button to come back to Model Editor. You may see the model is added in the
Model Editor. To observe the behavior of the model, select Parameters tab and type

suitable values in the table.

157



[ File Category Model
=

/2 0[=]e]

Category | TEMPLATE

Rs-{Ret-V)|Q

Parameters

Meaning

Check its Nyquist plot by clicking Evaluation tab. In order to have a close look, change
frequency range from 0.1 Hz to 1 MHz and select Matching Scales in the right-click menu

of the plot.

& -
'y Model Editor.
[ File Category Madel

“ 2@ 0[=]e

Rs-{Ret-V)[|Q

General | Parameters | Formula | Evaluation

B [— S
E Frequency Range | lOO.UDm| - 1.00M

L'y

100+

0.0- i i T i i
00 100 200 300 400 500

o] e
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Table 1. Circuit elements defined in BASIC category are summarized.

Description Formula

R Resistive Element R R

C iti 1 *
c apacitive c 1
Element sC
L Inductive Element L sL
ff !
w Warburg Diffusion w
g W\E
Q Constant Phase Qy l l
Element Qa Q, s%
o Nernst Impedance Oy ! tanh(0,/s)
g Ob 0,5
1
Ty
T Finite Diffusi coth(Ty/s
inite Diffusion - T},xE (Tyv's)
Homogeneo
.g ue Gy ;
G Reaction Gk GG T
(Gerischer) yV Uk TS
1 1
S Spherical Diffusion Sy

Sk Sy /S + s

Finite-Length

3
X dif fusion i:: X—Xrtanhw 3X.X.s)
at planar particles e
Finite-Length
tanh(,/3Y.Y
v diffusion Yr ( Yes) *
at spherical Yc ’%}j — %tanh@BY,Y{ 2
particles T ¥
b3
Finite-Length 2
7 diffusion Zr I (4/22,Z,5)
at cylindrical Zc ngrzﬂs . Il(Jzzrzﬂs} :k
particles 3

*1, Complex argument, ==ju, where imaginary unit, j equals v=1 and = is
angular frequency.

*2, Impedance Spectroscopy: Theory, Experiment, and Applications, 2
edition, Ed. E. Barsoukov, and J. R. MacDonald, John Wiley & Sons, Inc.,
Hoboken, New Jersey, 2005

*3. Io(x) and I1(x) are modified Bessel-functions of the first kind, with 0
and 1 order correspondingly.
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Table 2. List of functions.

Constants

pi
Functions

Returns pi

abs(x) computes the absolute value of x

acos(x) inverse cosine of x

acosh(x) inverse hyperbolic cosine of x

acot(x) inverse cotangent of x

acoth(x) inverse hyperbolic cotangent of x

asin(x) inverse sine of x

asinh(x) inverse hyperbolic sine of x

atan(x) inverse tangent of x

atan2(x,y) inverse tangent of x/y

atanh(x) inverse hyperbolic tangent of x

ceil(x) computes the smallest integer greater than or equal to x
cos(x) cosine of x

cosh(x) hyperbolic cosine of x

cot(x) cotangent of x

coth(x) hyperbolic cotangent of x

Coth(x) Coth(x) is modified to avoid failure at limit condition of x
csc(x) cosecant of x

csch(x) hyperbolic cosecant of x

deg(x) converts radians to degrees (x*180/p)

e(x) returns e or the argument multiplied by e

erf(x) Error function

erfc(x) complementary Error function

exp(x) e raised to the x power (exponential function)
factr(x) Factorial of x

floor(x) computes the largest integer less than or equal to x
fract(x) computes the fractional part of x

gamma(x) Gamma function

gammai(a,x)

Incomplete Gamma function

getexp(x) computes the exponent of a floating-point value

getman(x) computes the mantissa of a floating-point value

int(x) computes the integer part of x

Idexp(m,e) computes a floating-point number from mantissa and exponent
In(x) natural logarithm of x (logarithm to the base e)

log(x,y) logarithm of y to the base x

log10(x) logarithm of x to the base 10

log2(x) logarithm of x to the base 2

pi(x) returns pi or the argument multiplied by pi

pow(x,y) x raised to the y power
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pow10(x)

10 raised to the x power

pow2(x) 2 raised to the x power

rad(x) converts degrees to radians (x*p/180)

random(x,y) generates random numbers within the specified range
sec(x) secant of x

sech(x) hyperbolic secant of x

sign(x) returns the sign of x

sin(x) sine of x

sinc(x) sin(x)/x

sinh(x) hyperbolic sine of x

spike(x) Spike function

sqrt(x) computes the square root of x

square(x) square function

step(x) step function

tan(x) tangent of x

tanh(x) hyperbolic tangent of x

Tanh(x) Tanh(x) is modified to avoid failure at limit condition of x

Special Functions

Bessell(n,x) Bessel function of the first kind, denoted as Jn(x)
BesselY(n,x) Bessel function of the second kind, denoted as Yn(Xx)
BesselI(n,x) modified Bessel function of the first kind, denoted as In(x)
BesselK(n,x) modified Bessel function of the second kind, denoted as Kn(x)
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Appendix2. How to make bisquert

Bisquert Open Model

Y Ym Xm
-

Go | Gml) G

x
Z=/T_x,_ coth| L Z_m where 7 _=r, and 3_=r.|lqy

Constant Phase Element gm can be represented as ;

Qpm =Q;qa wheres= jw and j= +—1
'k
T S5 r Qs %
rp T r,
Z= |—=——coth| L |—=(1+4r,Q,s%
1+ 1,Q,s% rk( 55%)

Let’s guess that this model is Element A and add this user defined model into ZMAN
library as the following steps.
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Categ SIMPLE
ory
Model A
Formu coth(AL * sgqrt(Am / Ak * (1 + Ak * Ay * pow(s, Aa)))) *
la sqrt(Am * Ak / (1 + Ak * Ay * pow(s, Aa)))
Note Refer to Appendix 1 and 2
. AL =1L
« Am =r_
. Ak — I'k
° Aa frd Qa
e« § = ]m
Steps Referto Fig. 1 ~ 3

(1) Open Model Editor dialog

(2) Select SIMPLE item in the Category list

(3) Select Model > New/Edit... in menu

(4) Select A as Symbol

(5) Type “Bisquert Open” in the Alias blank

(6) Type above formula in the Formula blank

(7) Click the OK button

(8) Select Parameter tab and type default values

2. Make Rs-A-L1 Model in USER category

Categ USER

ory

Model Rs-A-L1

Steps Referto Fig 4 ~ 5

(1) Select USER item in the Category list

(2) Select Model > New... in menu

(3) Type “Rs-A-L1” in the Model blank

(4) Click the OK button

(5) Select Parameter tab and type default values
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Parameters

H General | Parameters | Formula ] Evaluation

Symbol A — _
EI D Frequency Range | 1.00m ‘ - 1.00M
Alias | Bisquert Open |
Formula \f 100=
coth(AL * sgri(am / Ak * (1 + Ak * Ay * pow(s, A -
Az))) * sqrt(Am * Ak / (1 + Ak * Ay * pow(s, Aa))) E
19
E 100m-+]
= i
= 10my
im _
| --80
- 100u -] ,)
10u-| T T -390
im 1k M
Frequency [Hz] wm

Figure 302.

. Mode! Editar A
File Category Model Tools

0

Category |USER [=]|

Category |USER
Rs-(Ret-V)|Q -

Rs-(Rp-w|Cdl
Rs-(Ret-V)IQ Rs-(Rp-Wi[Qdl
Ris-{Rp-Wj|Cd|

ot U

'(R'WJ‘Q”' sl [l F-clire-carem)
. [EE— = e et iRt coR2) 3RS CARA-CSIRS =
Category | USER = ‘ Rs-C1|(R1-C2|{R2-T) it |R2]-C3]( | |RS)
i | | Rs-CL|(R1-C2|R2)-C3|(R3-C4|R4-C5IRS) General | Parameters | Fermula J Evalustion
1as
“ General J Parameters o B
Model  |Rs-A-L - E m Frequency Range ‘ 1 00m| ~ 1.00M
Meaning
= 100+ -80
: 2] AN i
’ Phase | AN |
104 -
g : J R
£ 2l = M
— . 2 4 Y
. ] --4p =
100m = --60
] \\——/_780
10m- m T i~ -100
im 1 1k M
Frequency [Hz] %ﬂ

Figure 303.
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Comprehensive Index

2

2D Bode Plot, 127
2D Graph common functions, 133

2D Nyquist Plot, 126

3

3D Nyquist plot, 130
3D Plot, 146

31 parties data, 17

A

Add item, 42

Add Models, 94

ASCII file, 17

Automatic Model Search, 117
Axis, 143

Axis scale, 138

B

Bar plot, 134

Basic Elements, 100

Batch transfer, 42
Bisquare, 119

Bisquare option, 61

Black Nichols Plot, 129
Bode Plot, 39, 143

Bring cursor to center, 141

Bring Cursor to Center, 136

@

C, 101

Capacitive Element, 101
Category Menu, 89

CE mechanism, 105

Change Base Folder, 11

Change searching condition, 122
Check Validity, 53

Circular fit result, 68

Circular fit result for Modeling, 70
Circular fitting, 64, 67

Circular Initial guessing, 66
Collapse All Item, 12

Common plot, 133

Constant Phase Element (CPE), 101
Contents, 142

Convergence parameter, 120
Copy Table, 27

CPE, 101

cursor function, 35

Cursor Mode, 135

Cursor On/Off, 139

Cursor plane, 147

Curve plot, 149

D

Data Editing, 30

Data Editing on Project, 49
Data file Open, 14

Data file order change, 45
Data file transfer to project, 42

Data preview on Project, 47
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data range function, 16

Data range setting for circular fitting, 65
Data region, 30

Data sequence, 57, 119

Data table, 21

Delete category, 90

Delete Data points, 33

Delete element, 111

dielectric constant, 25

Diffusion Circuit Element, 102

E

Element subtraction/Addition, 78
Empty cell capacitance, 25
Ending Search process, 124
Equivalent Circuit Model Editor, 88
Error Graph, 53, 60

Expand All ltems, 12

Export Data to clipboard, 64
Export image to clipboard, 39
Export Image to Clipboard, 144
Export Models, 89

Extensive fitting, 122

External parameter setting, 43

Extrapolation Bad data, 35

F

File part transfer to project, 43

Find File, 13

Finite Diffusion, 104

Finite-Length diffusion at planar particles, 106,
152

Finite-Length diffusion at spherical particles, 106

Finite-Length diffusion at sylindrical particles, 106

Fit Data, 60

Fitted-Data, 125

Fitting by parameter range, 123

Fitting history, 62

G

G, 105

Genetic algorithm, 59, 121
Gerischer, 105

Go to center, 142

Goto indexed data, 32
Graph, 133

Graph object, 152

Graph Style, 149

H

Homogeneous Reaction, 105

I

Impedance Data Plot, 125
Import Models, 89

in Polar, 21

Inductive Element, 101
Initial guessing, 59

Initial guessing method, 118
Initial guessing/fitting, 123
Interpolate Bad data, 40
Interpolation, 135
Interpolation Density, 52
ltem, 142

K

K-K, 125

Kramers-Kronig Consistency, 50
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L

L, 101

Legend, 133

Legend On/Off, 139
Legend submenu, 38
library, 89

License Code, 17
Line color, 134

Line style, 134

Line width, 134

M

Maclaurin’s series method, 50
Manipulate element or Model, 78, 81
Matching scale, 38

Matching Scale, 141

Merge, 42

Merge categories, 91

minimize 1 round, 122

minimize 10 round, 122

Model Copy, 95

Model Delete, 95

Model Design Rule, 97

Model Edit/Create, 95

Model file, 88

Model finding Criteria Setting, 119
Model Menu, 91

Model Parameters, 59

Model Paste, 95

Model Subtraction/Addition, 80
Modeling, 55

Multiple EIS data set, 15

multiple EIS data sets, 16

N

Negate 3™ Column, 19
Nernst Diffusion Layer, 103
New category, 90

Non linear fitting, 119
Nyquist plot, 143

Nyquist Plot, 37

O

O, 102
Olive Cursor, 66
Orientation, 152

orthographic, 148

P

Palette on/off, 139
Parameter free/fix, 61
Parameter plot, 144
Parameter Plot, 130, 151
Parameter Simulation, 112
Parameter to display, 151
Parameter value range, 118
perspective, 148

Plane Projection, 148

Plot formats, 126

Plot Option, 125

Point Style, 135
Population size, 121
Preview Data file, 21
Preview graph Menu, 37
Preview type selection, 48
Print, 152

Project file, 17

Project tab, 10
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Projection Style, 148

Q

Q 101

R

R, 100

Recent folders, 11

Refresh list, 12

Reinitialize Models to Default, 88
Remove bad data, 34

Remove Bad data, 38, 136
Remove file, 14

Rescale to show all, 135
Re-searching model, 123
Resistive Element, 100

rotating disk electrode, 102

S

S, 106

Search Model, 56

Searching Parameter Setting, 117
Searching Result, 122

Set Column Value, 28

set geometry, 26

Simple circular initial guessing, 59
Simple elements, 106
Simulation, 113

Single EIS data set, 15

Spherical Diffusion, 106

Start searching, 121

Stop searching, 122

subtract, 78
Surface plot, 149

T

T, 104
Table Menu, 26

Target Category selection, 117

\Y

Violet cursor, 66

W

W, 102

Warburg Diffusion, 102
WDF file, 15

WDF file reading, 46
Weighting factor, 119
Weighting Factor, 57

X

X, 106

Y, 106

y4

Z, 106
Zoom, 137

zoom function, 30
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ZMAN modeling & Fitting

Prepare EIS data
set
(Round1)

Delete or Modify
(Round?)

Refer to manual

Including abnormal

data?

Known Equivalent
Input model &
circuit & Estimated
parameter

value (Round3)

Automatic Model searching Automatic Model searching
(Round4-2) (Round4-1)

s gt Select known model

circuit only (Round5)

Select simpler model in visual fitting
overlay without big problem (Rounds6)
(Round7)

Satisfy the result?

Finish



1. Round1:

ZivelLab Files (* sde;* seo;* wdf* wis;* 7#)
ASCI Files * cav* dat;* txt)
Others (*asc;*.crv>dfr> dta;* idf*ids;* ism;* izc* mpr*.mpt:* pseisdata;* 2)

A.  WonATech(Zivelab) data files: No requirement of License
B. 3" parties EIS data format (others)
C. ASClII files

i. Define user-defined setting value

Open ASCI File s

200+

C:WZIVE DATARLRAZ button cell_EI5 V1.t ik £ Raw [T
IFreq Z' (3} Z" (b) Mag Phase Bias Amﬁ Aux Time Range Ermor A )

1 2. 22 ) 0 e ut 04159 0.01 5.1503E4 = -20.0

891251 -0.9035 11.596 11.631 94.455 0.4159 0.01 3.724E-0¢ 15 "o..

794328 0.53307 10677 1069 87.142 04159 0.01 83932E-0 O, -40.0+ ....

707946 1.6901 9.737 9.8826 80.153 04159 0.01 1.0171E-07 F-?l i e -

630057 26164 8.8471 9.2259 73.525 04158 0.01 1.217E-07 -60.0 ' i

562341 3.3597 7.9953 8.6725 67207 0.4159.0.01 9.3953E-0 80.0- .

SN11a7 2086R 71017 22N72 A1 1R N AIEO NNT 1 T70AREN hi Bt . -

* £ = — ) -100.0-5 T T T T T T T T |. 1
Data f(Hz) ||| Z'(0hm) |~ Z'(ohm) [~ | -100 00 100 200 300 400 500 600 70O 800 900
1 1.000E+6 [ v Z'(Ohm) 12510E40 & Z' [Ohm] S A

2 801251E-3 ||  |Z/©hm) 1159660 1.0k 500
3 7043288:3 | Y'(5) 10.6776+0 izl p
4 707 946E+3 ¥I(5) 9.737E+0 Phase )
5 630.957E+3 o 8.847E+0 — 100.0+ 04
-
& 562.341E+3 3.360E+0 7.995E+0 E —-25.0 §
[ 501.187E+3 3.956E+0 TA892E+0 % ji _s00 B
8 446 6B4E+3 4434E+0 6.455E+0 ® oos £
9 308107E+3 4.806E+0 5771E+0 : E
10 354 813E+3 5.119E+0 5.143E+0 w 3 —-100.0
T - 1.0- --125.0
| 1 1 1 1 1 1 1 1
Ignore first 0 [ Negate imaginary Part 100m 1 10 100 1k 10k 100k IM
Frequency [Hz] &Iﬂﬂ
ID Apply user-defined setting I Cancel

2. Round2. (Data pre-treatment): Refer to operation manual

A. Abnormal data=> delete(Remove Bad Data) or modify (Interpolate Bad data or input modified value

directly in goto indexed data)

g
-42
oy
4.2

Jm - T
(L) Selectefl

(R) Selectef

bt
L]
LRaw | [.]e
["-]
Show

i
(R) Raw i
i -42

Goto Indexed Data

Remove Bad Data
. Interpolate Bad Data

- Rescale to Show All

Bring Cursor to Center
Go to Cursor

. Export Image to Clipboard

am-t—— S - S N

24.4

Frequency [Hz]



B. Select data range to be used for fitting.
N B BN
- Range B T2 5
18.0m- 7 —
L}
16.0m- spitted |, T |
14.0m- haw E...
12.0m-
10.0m-
2.0m-
E 6.0m ¢
5 - [
2.0m-| -
-
0.0+ b
-2.0m-
-4.0m -
-6.0m-
-3.0m-
-10.0m-; i i |
120.0m 140.0m 160.0m 180.0m 200.0m
ziom e
3. Round3
Input model (serial: - parallel: | ) * input param(?er value
Modeling * [ X
A 2.0+
18- s 7 2 s
1.6- o2 = i,
1.4 o g
A E 1.2~ . o .
= = o 104 e
Q @ R 500.0p - 2 T
= Pﬁ? mlr min* || This ltem eOR0m oe W
' =; 0m- =
Diata Sequence : Real & Imag | So00r
Weighting Factoy’ | Modulus to Data |~ / sl
Se Lloff 00 10 20 30 40 50 60 0 80
Rs-R1|Q1-R2|Q2-W 7 [ohm] B el = kul
)
Free Mame Value Error . a il ||
@ Rs 300m d 100+ -0.0
@ Ri 5 7 o 2 =
@yl am = ""“:‘2::;;--....., ; e --5.0
B o | 3 ~ R s i et Best Fitted [” 4 |
@ R2 400m - (e L L [ ] |00
¥ Qy2 am " . *., - Best Fitted [,7,7°
M Qa2 800m - B 4 o | [
bk : E g 104 ~ s e 200 %
J - .o.. - 2
» T --25.0 2,
i - P ..-.
(1) coincell A . = 2 **e | 300
Functicn Evaluated L] °
Reduced Chi-sqr = 0.013998 . Y --35.0
R square = 0.938383 ) .*
Degree of Freedom = 104 100.0m -y ! R L - ri--40.0
10m 100m 1 10 100 1k 10k
1) co_incell o o Freq [Hz] SHEE
|Export Data/Parameters to Exce.l: oK Cancel i
4. Round 4-1 Automatic fitting




“+ Modeling

o

Search Model ..

nin crmnmnen |7 oenl momen 12 Click search icon

miny? || This [tem .

A. Select category if you know.

% Select Target Categories X

Target Categories.

asiSliL - Select "Free but must stay
UPERCAPACIT(
igml(fs:)raas(g) < - pOSltlve”
[IRemove Duplicates
Parameters

Free but must stay positive

Initial Guessing

Method None

M Select “None”

Nonlinear Fitting

Data Sequence  |Z: Real & Imag

Weighting Factor | Modulus to Data

Bisquare Ooff

Do you want to start searching process?

B. If not, select all categories (Select categories under pressing ctrl key).

%+ select Target Categories X

Target Categories

Select “Free but must stay

ositive”
Remove Duplicates P

Parameters

Free but must stay positive

Initial Guessing

Method |Simple Circular Select “Simp|e Circular"

Menlinear Fitting

Data Sequence |z; Real & Imag |
Weighting Factor | Modulus to Data  [w]
Bisquare O oft

Do you want to start searching process?

Click Yes button



5. Round 5

Select known model

Search Model for (1) coincell O b4
© st (O stop @ | ¢t| | & Select i RawData | .|
‘:_ 2 o 9 o d
@®) Mo Initial Guessing O by Simple Circular O by Genetic Algorithm ; : R s Best fitted [,” ]
Category Model Chi-sgr #Par i P &l & .
@ BATTERY Ls-Rs-Q1|R1-Q2|(R2-(C1|(R3-Q3[R 20.26-6 13 14 = =
@ BATTERY Ls-Rs-R1|Q1-R2|Q2-W-C 68756 10 - 124 - H
EENOE | : . :
@ BATTERY Ls-Rs-R1|0Q1-R2|02-W T04E-6 9 g 104 N o3 r
@ BATTERY Ls-R1|Q1-R2|Q2-R3|Q3-W 7TI7E6 11 800 0m-| 2 o'o,o ol
@ BATTERY Q1-R2|Q2-R3Q3-W-C 78856 10 o LS
@ BATTERY Q1-R2|Q2-(R3-W)|Q3-C 85756 10 £600.0m - = w
@ BATTERY Rs-Q1|R1-Q2R2-Q3|R3 126266 10 400.0m- 2 b
@ BATTERY Rs-Qif|Rif-Cdl|(R1-C1|R2)-Q(Ret-C 130.86-6 13
@ BATTERY C1[((Q1|R1)-Q2|R2-Q3|R3) 312766 10 200.0m -
@ BATTERY Rs-R1|Q1-RZ|Q2-R3Q3-RA|Q4  460.2E-6 1 v 0.0-, ; ; ; : ‘ : ; J
: : e Nae Vi e 00 10 20 30 40 50 80 70 2.0
|= & mle,. mne| |H AT 321.539m  23.999m Z{05ml HEw
- R2 543  71687m | [F ]
m Qe 2.833m  205.3718u
@ Qa2 7286m  9.210m
Data Sequence @ R3 389.614m  57.871m
|z: Real & Imag v Qy3 3.007m 1.765m
Weighting Factor W Qa3 699.915m  7201m
[Modulus to Data |~ | W £E | TREIAm
Bisquare
Oo#
v

[BATTERY & SUPERCAPACITOR] Rs-R1|Q1-R2|Q2-R3[Q3-R4|C4-W-C &
Singular Matrix - Fix Rs - 1 Rounds

Mumber of Function Calls = 182

Reduced Chi-sqr = 0.000461

R sgquare = 0.9994438

Degree of Freedom = 97

Elapsed Time = 356 ms %

6. Roundé6: fitting
i

Modeling * [Z] x
204
RawData [~ ,]
Al o
- 5 A o Best Fitted |, ",
1.6+ - =z i
a "
[ i 5 b
| = 4 a
| i = 12 ® -
£ "
G 104
Q v R 800.0m- e
~ @  dlE . 600.0m-| ¢
2" || mingd || ming? || This ltam &
7 400.0m-
Data Sequence  Z: Real & Imag il e /
Weighting Facter | Modulus to Data |+
Bisquare Oof G0 ; ; ; ; : :
q - 00 10 2.0 30 40 50 6.0
Rs-R1|Q1-R2|Q2-W V" Z' [Chm]
J | Pic
Free Name Value Error A g
@ Rs 321.539m 23.999m 1004 -0.0
& R1 549  71.687m ’ ra |:|
& Qyl 8.833m  2095.318u ’ ~'Best Fitted IZ' —-50
@ Qal 7286m  9.219m ]
& R 389.674m  57.871m - L o Phase, | [ ] |00
@ Qy2 3007m 1.765m i : ", - Best Fitted |~
@ Qs2 £99915Sm  7201m G il 150
@ w 2203 164141m - . e o0 &
il o 10+ | i LLt | ek _o00 &
] cade e
8 . L &
- . e ‘ea,.  |Zs0E
¥ | F & *a
- o 3
(1) coincell A - s s --300
Successfully Finished - 1 Rounds | 5 =
MNumber of Function Calls = 67 “ey inl --35.0
Reduced Chi-sgr = 6.967575E-5
R square = 0.999855 100.0m - e e e e x
Degree of Freedom = 104 10m 100m i 10 1
Elapsed Time = 188 ms - Freq [Hz]
Export Data/Parameters to Excel | oK Cancel

Click OK to select the primary fitting result



7. Round 7 Select simpler model in visual overlay without big problem

Search Model for (1) coincell O bt
[ I = 2.0+
Q st O st RawDatz ||
1.8 . i &
®) No Initizl Guessing O by Simple Circular O by Genetic Algorithm . g g — ,:l
1.6 > .
Category Model Chixsgr #Par A a 2 .
@ BATTERY Ls-Rs-Q1|R1-02|(R2-(C1|(R3-Q3|R 20.2E 13 144 = 3
@ BATTERY 10 = o . a 4
 BATTERY E - 2
(S ] 5
@ BATTERY Ls-Re-R1|Q1-R2|Q2-W 2 2 5 =
@ BATTERY Ls-R1|Q1-R2|Q2-R3|Q3-W 11 M 800.0m- @ o b
@ BATTERY (Q1-R2|Q2-R3]Q3-W-C 10 k B
@ BATTERY Q1-R2|02-(R3-W)|Q3-C 10 St > o
@ BATTERY Rs-Q1|R1-Q2|R2-Q3IR3 126266 10 400.0m -] 3 =
@ BATTERY Rs-Gif|Rif-Cdl|(R1-C1|R2)-QI(Ret-C 130.8E-6 13 _/
@ BATTERY C1[(Q1R1)-Q2|R2-Q3IR3) 312766 10 2
@ BATTERY Rs-R1jQ1-RZ|02-R3|03-R4|Q4  4602E-6 1 v 00 i i ; . . : .
" s o] [ Neme Vel Tor 1A 00 10 2.0 3.0 40 50 5.0 j;qﬂﬂﬁ 80
| 2| & ||| [E R1 321.530m  23.999m ZHCa -
B R2 543 71687Tm
m Qe 8.833m 2953184
@ Qa2 7286m  0.219m
Data Sequence @ R3 389.614m  57.871m 08
|Z: Real & Imag  |w | B Qy3 3.007m 1.765m -
Weighting Factor @ Qa3 §99.015m  72.01m =3
& o 164 141 i
Medulus to Data |w m w £E0 | 1ot 1Al " 100
Bisquare o '_ 150
(o = z 50
E s ot z
o 10 5 B { P e T B L
=) ] . i+ &
] . of | ey long S
i L/ aa e
L l» [
_ & --30.0
[BATTERY & SUPERCAPACITOR] Rs-R1|Q1-R2|Q2-R3[Q3-R4|Q4-W-C A
Singular Matrix - Fix Rs - 1 Rounds i -.35.0
Mumber of Function Calls = 182
Reduced Chi-sgr = 0.000461 |
R square = 0999448 woc}mw, S S ....?{,}k«se.o
Degree of Freedom = 97 58 & i =
Elapsed Time = 353 ms b Frequency [Hz] HiEw

8. Round 4-2: You need several trials with following cases

A. Change Parameters to “Free but must stay positive” and goto next step

Parameters

Free may be positive, zere, or negative |+

B. Use Initial guessing to 7imp|e circular and goto next step

Select Target Categories X

Target Categories

BASIC (12) A~
SIMPLE (3)
BATTERY & SUPERC
BIO (5)
CONCRETE (9) w
I
[ remove Duplicates
Parameters
Free but must stay positive -
Initial Guessing
v
Method simple Circular v
Nenlinear Fitting
Data Sequence |7 Real & Imag w

Weighting Factor  Modulus to Data ~
Bisquare Coff

Do you want to start searching process?

Yes Mo

B. Change Nonlinear fitting data sequence and|or weighting factor and goto next step




D. Use Initial guessing to genetic algorithm and goto next step

Initial Guessing

Method Simple Circular [~]
Mone
Menlinear Fitting « Simple Circular

Genetic Algorithm
Data Sequence TFEal % Imag ~




Model Searching Example

1. EIS data file loading
Load the BZA da_ta file (*.z#)
[

CoUserWUS RN DocumentywSIME, WIMID21080001_20ma ¥2 2 3=

Impedance. I |% | Empty Cell Cap.: TF *
A [ c ~ |
Friguency [Hz) Z' [ohm) Z pohm] z
6" 4800 forazdd 000716
1 :TEI oota2s2 0005612
o 252383 0.0t4311 OO0EI1T
3 200475 ooaze eLi ek
4 150243 Qota3ae 0002279
5 1264.91 002411 Q001518
i T004.75 B.01457 b000g38
T THRI05 01471 QO003TE
B E33957 04gs ~LBEHESE-S w
kL 3
@ w55
30m .
Selected F' [
- o] |
. |
1.0m - .i""""‘nv-'
-
L]
2.0+ -
. |
__ome * |
é -
8 20md |
K .30m .
“Apm-
-5 D
£0me|
Fom- ,
-8.0m

|
14.0m 15.0m 14 0 17 Dm 38.0m 13 0m 20.6m 21 0m

7 {Ohe} Eawn

2. Model searching

(1) Model searching based on default value

% Select Target Categories X

Target Categories

BASIC (12) ~
SIMPLE (5

BIO (5)
CONCRETE (9) v

[JRemove Duplicates

Parameters

| Frae but must stay positive [~

Initial Guessing

R
Monlinear Fitting

Dete Sequence |7 Real &timag |

Weighting Factor [Modulus to Date [ |
Bisquare ot

Do you want o start searching process?

e

Automatic searching result

Batch

(=]

LELELT ]

4@ RE x [
CWIVE DATAWZM_20maical_sb_SCmHzT00mHz E 2 zmp
mpedirie, Empey Cell Cap
A 8 c
mEM X1 xQ
0 ‘6001 _adwma v3 3
1
2
3
4
5
&
7
B
£
L | LI AR &



Search Model for (1) BZAT00_SB. o x
; 0 .
‘o start }D stop |@H ©t & select el
10.0m-|
® No Initial Guessing O by Simple Circular O by Genetic Algorithm o
il
Category Mude\ Chisar =P
san
) BarTERY u QT R1C2 RDI-RIICAR 1306 11 aom]
@ BATTERY Ls-Rs-Q[R1-G2|(R2(CT[(R3-Q3R: 15966 13 e »
@ BATTERY Ls-Rs-R1/QT-R2|Q2-W-C 16566 10 5 20m-] *
v BATTERY Ls-Rs-Q2|(C4-R4) 1696 6 N 00 =
 BATTERY Ls-Rs-C1|R1/Q2(C4-R4) 17056 8 = e R
@ BATTERY Ls-Rs-R1[Q1-R2|Q2-W B
@ BATTERY Ls-Rs-Q1|R1-(C2R2)) 152166 7 ~4.0m-|
+ BATTERY Ls-Rs-Q1[R1-Q2IR2 157466 B ol
 BATTERY Ls-Rs-Q1Ri-G2|R2-W) 178366 9
@ BATTERY Ls-Rs-Q1|(R1-Q2) 303766 7w gom- .
oy o] [Fee Mame  velue - -100m ) 5 : :
‘ 1 U L I 4016450 700m 30.0m 20.0m 100.0m 1100m 1200m
=i i z (ohm] IR
m Qi 1.069
W o 489067m
DatsSequence | i (R 83.986m Residual 7Io]
ZReslaimg [v| |@ c2 26.131 T e E
Weighting Factor @ Rz 126.563m 34 600m-| dud ot
Ita Pl
Modulus to Data -] 500m- Dot Phse
Bisquare g
Oott 300m-]
£ 200m, 9
A 100m-| g
= =
= %
ol fua] 1 l[ i
[BATIERY & SUPERCAPACITORI R RIQ1-RIQ2-RHQ2-RAIQLW-C & -200m
Singular Matrix - Fix Rs - 1 R -300m-|
Number of Function Calls = e |
Reduced Chi-sqr = 0.000662 oo
R square = 0988497 -500m-,
Degree of Freedom = 79 -600m-|
elapsed Time = 332 ms e
[BATTERY & SUPERCAPACITOR] Rs-T-Cdlj(R1-C1{R2|(R3-L))-Q|Rct- 100m i 10 Tk 10k
CeRe) v Frequency [Hz]
(2) Initial guessing using simple circular
Select Target Categories x
Target Categories
BASIC (12) ~
SIMPLE (5)
810 (5)
CONCRETE (9] v
[JRemove Duplicates
Parameters.
[Free but must stay positive =
Inital Guessing
Method
MNonlinear Fitting
Data Sequence [z Resl@imag  |v.
Weighting Factor |Modulus to Data  [v |
Bisquare Dot
Do you want to start searching process?
Tl
Automatic searching result
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(3) Initial guessing

Select Target Categories X

Target Categaries

BASIC (12) A
SIMPLE (5)
BIO (5}
CONCRETE (9) v
[IRemove Duplicates

Parameters

Free but must stay positive =]
Initial Guessing

Method Simple Circular ~
MNonlinear Fitting

Data Sequence z p:ea\ & imag ~

Weighting Factor | Proportional to Data |~ |

Bisquare Coff

Do you want to start searching process?

No

Automatic searching result

using simple circular with proportional weighting

Search Model for (1) BZA100_5B

© st (D) s *

2t | &

(® No Initial Guessing O by Simple Circular O by Genetic Algorithm

Select

Category  Model Chi-sqr

/- BATTERY | Ls-Rs-C1|R1-Q1 [R2-W

« BATTERY Ls-Rs-( C2-R2
@ BATTERY Ls-Rs-C1[R1|Q2|(C4-R4) 11E3
@ BATTERY Ls-Rs-C1|R1|(Q2-R2)|(L3-R3)|(C4-R 1.26-3
@ BATTERY L5-Rs-Q1|R1|(C2-R2)|(L3-R3)I(C4-R 1.26-3

@ BATTERY Ls-Rs-R1|Q1-R2|22-R3|Q3-W 274766
)

= Par

~

@ BATTERY RI|L-Rs-R1]Q21-02|(R2-LilRi) 1363 1
@ BATTERY Ls-Rs-Q1| -Q2|(R2-W) 3563 9.
+ BATTERY Ls-Rs-W-Rl[Qpore 37E3 6
« BATTERY Ls-Rs-QR1-G2IR2 4663 B
« BATTERY Ls-Rs-C1[R1-C2[W-R2) 5263 7w
Free Name Walue Error ~
| & | ] | s 4724160 442.450p
Rs 69.87m 2559
i 1199 4573m
R1 10.353m 31.498u
Dats Sequence Q1 33102m 174dm
ZRealaimag [v| | Qa1 643479m 791588
Weighting Factor i@ R2 30778m  49.084u
Proportional o [~ | W it
Bisquare
Cloff

v

[BATTERY & SUPERCAPACITOR] Rs-R1|Q1-RZ|Q2 R3|Q3-REQ4W-C &
o

Singular Matrix - Fix R2 - 1 Rounds
Number of Function Calls = 204
Reduced Chi-sqr = 0.130462

R square = 0.957908.

Degree of Freedom = 79

Elapsed Time = 606 ms

Initial Guessed by Simple Circular Modeling
Elapsed Time = 0 ms.
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3. Searching result comparison

=

TGTT

I

1 HH]T;‘%

Residual of |7] (%)

u§§'§§§§§?§§§§§§

2 dHth IHI o

gm R ;”” H |

= W 1l [

H == “,n -

Frequency [Hz] mﬂ

=t IH‘ 1, ’

o e 1 IH ,]hm -

2 o ” Ll

]

?m:]m ; 1bﬁequenwitcl'::i 1§Hﬂﬁm

Initial guessing using simple circular is good choice for this model searching
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