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Chapter 1 Overview

ZMAN is a scientific application for impedance 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
graph s 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 fun  ctions , to build and manage your own
equivalent circuit models.

ZMAN O 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. Whatisnewin ZMAN 2.2

ZMAN is loaded with features that will enable you to systematically analyze
impedance data. ZMAN offers various types of graphs including Nyquist Plot, Bode
Diagram, Parameter Plot and 3D Plots . There are powerful fitting modules supporting
built -in e quivalent circuits and user  -defined libraries.

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

B. History of ZMAN 2.2

- Upgrade from ZMAN 2. 1
- ZMAN 2.1

- ZMAN 2.0

- Upgrade from ZMAN 1.1

C. Major New functio ns
U in ZMAN version 2.2

- Interpolate Bad data

- Black - Nichols Plot

- 3D graph setting option

- Improved Model editor

- Application Model library for autom atic searching
- Parameter Simulation of model

- Genetic analysis option for fitting

- Automatic initial guessing

- Trace movie function on fitting




U inZ MAN version 2.1

Data analysis for WonATech data format (WDF, WIS fi le) without a license code .
WDF file extension is from WEIS system, WIS file extension is from Z# and Z100
system s

Data editing

Circle fitting

Add/ remove element parameter

Add/ remove model parameter

Impedance E,M,Y,Z inpolar Admittance Modulus Dielectric constant Data display

D. System requirements
In order to run ZMAN, you must ensure that your computer meets the following
minimum s oftware and hardware requirements

Operating System:  Microsoft Windows XP, 2000, Vista, or Windows 7
Processor : Intel Pentium 4 or equivalent

RAM: 512MB
Display : 1280 x 1024  recommended
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" or "install.exe" from the
ZMAN software CD .

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 2.2 and clicking ZMAN.

“ Getting Started ==
@z [@] MNews from WonATech
] Blank Project [#]  Resources on ZMAN
B Browse.
ZMAN™ 22 Tools Unknown
[z Model editor Unknewn
Impedance Activation required
Spectroscopy
Analysis & Presentation [®]  Activate

Figure 1. Intro Menu without license(Before license Request)




DETE Rl

L T3 = -

[] Blank Project
2} st Tryzmp
2z} 2nd Tryzmp
2] 10V scapzmp
2} 17vscapzmp
2} 6V.scapzmp

[#] Mews from WonATech

[##] Resources on ZMAN

B srowse...
WonATech
zmaN, R -
[zs]  Model Editor Qrins
S:::;:::;;y Activation required
Analysis & Presentation @] Activate
Figure 2. Intro Menu wi thout license( After license Request)
4 Getting Started
_ [#] News from WonATech
[] Blank Project [#] Resources on ZMAM
zl 1stTryzmp
2l 2nd Tryzmp
2] 10vscapzmp
z] 17v.scapzmp
z] 6vscapzmp
Browse..
WonATech
ZMAN™2> IR Staue King
[zs] Model Editor Qrins,
s'p"'!'::':::‘n‘;y EALC-0C05-0B68-DESE
Analysis & Presentation

Figure 3. Intro menu with

You can see intro menu of

licensed

ZMAN 2.2 as the above figure 1.
You can select blank project at start or select recent project which you handled last
time or you can browse specific file by cli
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 activate d the ZMAN license, you will need

to send some information to

WonATech

in orderto be sent a valid

license code.



¥ License Code =)

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

License Code

| ok [ cancel [ RequestCode |

Figure 5. License Code Entry

Click the iSende-ma i | 0 hand fill m gour registration details:

%} License Get User Info.vi ==

* Required
*First Mame *Last Name
*E-Mail Address

*Phone Number Fax Number

“Company/Institute Department

*Street Address 1
\ |

Street Address 2

\ |
“Country *Zip/Postal Code

\ N |

Note

I

Your right to privacy is a pricrity to us. We recognize your
need for reasonable control of infermation that you share
with us. Therefore, this statement is a corporate-wide
guideline, and is not limited to our online business. We do
not sell your information to cutside erganizations. Our

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

| Cx ] Ceed |

Figure 6. License code applicat ion form

If you have not purchased ZMAN and want to evaluate the software , click the
fiCancel 06 button.

If you have purchased ZMAN, then fill in the required information and click the A OK 0

button .

==

Please e-mail the followings to your sales representativesales@wonatech.com). You can also find it in clipboard. If
necessary, please paste(CTRL-V) it in any text editor such as NotePad.exe.

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

| First Name: Steve
Last Name: King

E-Mail Address: steve@qrins.com
phone 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 e mail

| f you cl i ck fthe®grograi uwilk automatically e-mail this information to
WonATech to obtain a license code. If your PC is not ¢ onnected 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 emalil.
Until the license code has been entered into ZMAN, vyou can only use it with

WonATech generated data .


mailto:sales@wonatech.com
mailto:sales@wonatech.com

& ==

This product is not yet activated.

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

I 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 3 ™ 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 som e 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 c opyright, 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 -2010 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 y ou 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 program s or




programmable logic devices
Term s

This license is effective until terminated.

Contact
We can be contacted via

E- mail : support@ WonATec h.com

Fax 182 -2-576-2635

Phone 182 -2-578-6516

Address : WonATech Co., Ltd

8-6, WooMyun -Dong, SeoCho -Ku, Seoul 137 -900, 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
fithess 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 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 concept s and featur es of ZMAN™ are shown in the figure bel ow.

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, f ollow these steps
1. Open a datafile. Referto EIS Data File for details. = You can use your EIS data

10.

11.

file or importing 3 ™ paries data file

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

Project concept. Y ou 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 algo rithm, 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 & 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 pos sible choices . Referto Automatic Model Searching for details.

Plot the data file. Refer to Impedance Data plot for detai Is. 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




Equivalent Circuit Fitter

Project Manager l
Control Variables ‘ Initial > Best Fitted
Parameters Parameters
Data(3 cols) LEVM Engine
Best Fitted
AL > Data
Raw Data
A
T N 4
Check Validity of Data
Model
p A K-K
Consistency
<— Search Engine
Plot . - .
Equivalent Circuit Model Editor
3D Plot
- ‘ Equivalent Circuit Model
Nyquist p|0-t ‘ Built-in User
Bode Diagram TT
\ R|C|Q|W]| .. | User
o Symbol ‘ Parameters‘ Formula ‘

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 set by experiment circumstance
changing.

In the Project tab, there are 3 sections.

% ZMAN - Untitled2 [E=REERL_~ )
Elle Plot A

Tools Help

Project | Nyquist plot | Bodeplot [ parameter Plot | 3D plot |

GEEEE

i Project-Makers o CHTMAN DatawUntitled2.zmp

|5 Project-Sapgples W Batch

[ )i [thpefiance, 7 Empty Cell Cap Impedance, Z | Empty cell Cap | &=
i s

cedmr g c o [E] A g

c
C(R-CR) txt Frequency [Hz] Z' [Chm] Z" [Ohm] Add tem em X1 X2
C(R-LR).txt il - - - il
CR-W).txt
Capacitor.bt
Circular Fitzmp
Constant Phase Element.txt
CR{C-R)(C-R)(C-R). bt
CRC-R)(C-R).txt
CR(C-R).bxt
CR{L-R)(L-R)(L-R).bxt L
CRIL-R)(L-R).bt
CRIL-R).bet ¢
CR-CR.xt —
DATAQ.TXT E

&l

m

i e [

L R

f
£
&

» < m »

. wnge [ 03] -[_H] E ™ %] [«
Finite Diffusion bt hd =
Homogeneous Reaction bt 1.8k
Inductor et Lok Selected [, ™ |
L-R-C{Q-Rytxt . =
L-R-C{R-Q(R-C(R-W))) bt Raw
L-R-CRIQ-R)(L-R)(C-R) txt 1.2k~
L-R-CR-QR txt
L-R-CR bxt 1.2k
L-R-Q-CRExt
L-R-QR(C-R)(L-R)(C-R).txt
L-R-QR(C-R) txt
L-R-QR-CR.xt
L-R-QR-QR.txt 800.0+
L-R-QR.txt
LR(CR).TXT 600.0-]
Nernst Impedance.txt
Porous gold electrodetxt il 400.0-]
ReCrRICERTIN TYT
[Bpse Folder]
- C:#ZMAN Data 20004

Selgct Item tc Open 18-% T T T T T T i
5000 10k 15k 20k 25k 30k 3.5k !

Vi i e

[0 [ [

Z' [Ohm] [EEFEE

= = S E—

Figure 10. Main wind ows structure

You can select raw data as an individual file or you can group several data together

and save themina  ZMAN project file in Project Tab. ZMAN Project file s end with the
extension .zmp.

You can see 3 section s as shown above.

AA0O section: Data files handling
ABoO section: Data file Preview
ACoO section: ProjecMAN dataenalysendl i ng f or

A. Browse data files

1. Base folder selection

ZMAN shows data file list which can be used in ZMAN . These file lis t is different by
licensing. Displayed data files are located on base folder which user can determine.
You may need to select folder which contains EIS data files. To select folder, click



right mouse button at fAG section in Figure 10. Then pop up menu wil | appear.

T  Open File
C Find File...
E Remove File

1 Refresh

1 Change Base Folder...
Recent Folders »

M

T

n  Expand All Items
n  Collapse All Items

Figure 11. Data file handling  pop up menu

You can change base folder by selecting fiChange Base Folder. 0 on pop up menu,
ZMAN will show file list including subsidiary folders.

Browse at
If you check on Mstartup | ZMAN will show the files which you set as base fold er
at last time when you open ZMAN program
[Base Folder]
- CHZMAN Data

[Current Item]
- CWZMAN DatawProj. WDEMO.Z

Figure 12. Base folder display

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

10V _scap.zmp
17V_scap.zmp
6V_scap.zmp |
6\V_scap_unitzmp

scap_celle zmp)
scap_cellgtotal zmp
scap_totalzmp
scap_totall.zmp
SuperCap-Z21.z8.txt
SuperCap-Z31.z# txt
SuperCap-Z41 z2 tt
SuperCap-Z51.z&8.txt
SuperCap-Zel.ze.txd
SuperCap-2 7 7# bt

TN N NN NN

(e

[Base Folder]

- CHZIMAN Data

[Current Item]

- CWZMAN Datatscap_cell6.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.
I

Open File

Find Fil.. Range

T Remove File

71 Refresh o Selec
,  Change Base Folder 0 Raw
Ffl  Recent Folders » 1 C:WZMAN Data
T

Expand All ltems S EEIREE
Ll 3 F#¥zmandata
=  Collapse All tems N
T s 4D [1]wexamples
ZE bt ,\‘. 5 Fdata

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 fi
item 0
Generally subsidiary folder

Browse at
CliE Start Up
ol 1234 A
EE 20090211
< 1234030556.WDF
=5 500mv
= 20090816
L4g 1-5_02d_11. WDF
5-1.02d_45.WDF
5-200_02d_11.WDF
5-5.02d_19.WDF
5-pass_02d_35.WDF

500mv_164537_00 WDF
pass1_02d_13 WDF
pass200_02d_45 WDF
pass5_02d_48.WDF
passpass_02d_13.WDF
= as221t
=I5 20090305
L4 322211204918 WDF
S ovtest
&k 20090514
cviest164325.WDF
Cviest165006.WDF
cviest171113 WDF
cviest171314WDF
cviest171522. WDF
cviest171609.WDF
cviest171704WDF
cviest171930.WDF
cviest172134WDF
cviest172419WDF
L4 cvtest172518 WDF
& cvtestweb
i 2000120319
4043_01WDF
4305_01.WDF

Figure 15. Oﬁen All items

les in subsidiary folders when you select

Note: WDF file is not all for EIS data.

5. Collapse All Item

If you select this, you can just see bas

be collapsed.

You can back to normal display by selecting

Browse at

=) Start Up |
& 1234 A
& 500mv
B aa221t [
S ovtest
[ cvtestweb
S ovttt
& data E
(& dummy.PEL
(= dummy1.PELWEM
(& dummyz2 PELWEM

eis
& FeCn.CV
(5 FeCN100mVEIS.WEM
[ FeCN1OMVEIS WEM
[ fecncycle WEM
& geis.cEL
S ttestWweEm
& nicd.cov
(& nicd.per
[ Nicd web

(& NICdCapEIS. WEM

& ocv

& peis.pEL

(S peisstandard pe1
ref

[ sahak eis Pl
scan

(& sequencel

(5 Sequencell
sweep

(S tafeltest

[P tafeltest TR

Figure 16. Collaps All items.

B. File Menu

1. Find File

You can find file using

e folder data list. Sub folder

fiCollapse All items a

fiFind item function a

fExpand All

& EIS data can be seen when you click this folder.

& data list will

11



To use this function, you can click j icon or select submenu on file list section
A0

BN UL IS e
[ Jeskruuiota

|| ErsKTUnAIR).DTA EE
- | EISKTUNLDTA ~

2[ gahanzmp 500.0u-

2§ gemizmp

jem2.zmy ™ open

% Emzmpp Open File

- 2] iviumgamry1.zmp. (G2

runem Remove File

| ktu2ism

Tkausism | =
1] Eu: ism Change Base Folder.
AC n:s :i: Recent Folders »
1] wg FZr;tp Expand Al Items
t 5T BATIEN Collapse All Items

2] zzbatt zmp 150.00-]
2 zahan.zmp

Figure 17. File list submenu

You can see following menu
==

% ZMAN - Find [tem
List of Files
Name Date Modified -
20050123 1414338
gahan.zmp 2010-01-14 18:08:10
gemlzmp 2010-05-06 16:58:32
gem2.zmp 2010-05-20 16:31:48
hanzmp 2009-11-11 16:27:00
iviumgamry1 zmp 2010-03-08 131156
ktul.ism 2009-10-21 18:25:46 H
ktu2.ism 2009-10-21 18:25:46
ktu3.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
Match Whole Word Only
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.

2. Remove file

You can erase data file on harddisk.
W3 cyclebias2_5 amp0-5-Z2L.wis
- 2§ dmfczmp

= Open File
b Find File..
W roer- B
I8 E Refresh E

Change Base Folder...
Recent Folders »

Expand All Items
Cellapse All Ttems

Figure 19. Remove file

Select data file which you want to erase and select fiRemove file o
You can see warning message hox.
=

N

The file, G:Wzmandatawdummy01 tst, is not empty.
Do you want to remove the file permanently from hard disk?

Figure 20. Warning message

C. Data file Open

You can load data file(s) into ZMAN using two methods



1. With out License Code:

You can select data file  in section i 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 analysi s , cl i ck A a daldaan bthen tseenselected files
information in section A C.&ZMAN can load the data files (zmp, wdf etc) which come
from WonATech products directly without a license code. If you want to loa d ASCII

file produced by 3™ parties you willthen need to obtaina ZMAN license code .

a) Single EIS data set

If a datafile is a single EIS data set, Double Click on the data file insection AAO
Thenyoucanseedataprev i ew in section fiBO

Figure 21. Data previeW

b) Multiple EIS data set

WDF file (WEIS data file)

If your WDF data file includes multiple EIS data set s (e.g. Series measurement
etc) . Doubl e click on data file name on section
3 B

There are 11 DataSet in "50mseq4638_01.wdf"
De you want to add them to project?

Ev$| No

Figure 22. Multiple data loading

If youin serted Cycle marker to produce the above sequence file, the box above will

appearr. Cl ick fAYesdo then mul ti plaetomaticly addaddaded wiid | be split
Project part ( Secti on 0CO0)

Figure 23. Parameter value editing

13



If you do notwantto use all EIS data set, click i N oaind the select box will appear

r " FileSpacexctlFileSpace.As. ﬂ

Open Data
.
2nd Data Set
3rd Data Set
4th Data Set
|| | 5th Data set
6th Data Set

7th Data Set
8th Data Set
gth Data Set
10th Data Set

Figure 24. File select

You can then select one EIS data set for analysis.

Other data file

If your data file ha s multiple EIS data sets, you can splitthe file into each EIS data set
using the data range function.

Impedance, Z Empty Cell Cap.
-

A B C
Frequency [Hz] Z' [Ohm] Z" [Ohm] @
0" 48099 998999 0.004054 0.00105%
1 387131841 0.004103 0.00062
2 2997421251 0.004199 0.000447
3 2320794417 0.004171 0.000258
4 1796.90683 0.004162 3.061618E-5
5 1391.2797 0.004276 -8.065733E-5
] 1077.217344 0.004367 -0.000253
7 834050269 0.004408 -0.00039
8 645774833 0.004512 -0.000485 «
4

»
wrge | o196

. * -Se\eited El
Ray [

-5.0m-

T T
0.0 25.0m

T T
50.0m  75.0m

Z' (Ohm)

T i
100.0m 120.0m

BBl

Figure 25. Data file containing multiple EIS data set

c) Project file

Double click on project data fle(zmp)name insecti on AAO
Then project data will be loaded insection ACO



= | Ttem List =]
[C:HWEIS#data#FeCN100mVEISL.zmp |
Impedance, Z = | Empty Cell Capacitance 1
A B C .
ftam Volt X2
0’ 2952 011 0.6 [
1 2952012 05 0|
2 2952 013 04 0
3 2952 014 03 0
4 2952 015 02 0
5 2952 016 01 0
6 2952 017 0 0
7 2952 018 01 0
8 2952 019 02 0 -
2l 1 ] b

@ Myquist Plot Bode Plot Best Fitted Parameters

Figure 26. Parameter edit ing example

2. With License Code

Reading of ACSII and 3
from WonATech

I

a) Direct reading 3

4 parties
ZMAN read Zahner Data file(*.ism),

" Party files requires a

text file importing menu.

data (Needs License Code)
Autolab Data file(*.dfr) directly without

b) Ascii file and3 ™ party & data (Needs License Code)

Select an ASCIl file(needs license code) to analyze. You may change
File(*.txt ) Solartron Data

extensions  among

Data File

file(*.z)and Gamry Data File(*.dta
several lines of header, which

ZMAN, and three successive col
and imaginary part of impedance. Available orders of columns are:

(*.dat), Text

License Code to be obtained

). ZMAN supports ASCII data file containing
are automatically recognized and ignored in
umns with numbers such as frequency, real

nth Col umn (n+1) th Col (n+2) th Col umn
A | maginary(Z0) p
Frequency(f) Real (Z20) Impedance
or Mod.(|Z]) Phase of Imp edance
Angular . & |l magi nary(Yo) p
Frequency(w) Real (Y0) Admittance
Mod.(]Y]) Phase of Admittance
These columns should be delimited by  delimiters such as space and tab.
If you attempt toopenASCllifleor3 “partyo6s data file wiyduhout

can see the following message box.

15
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E . =

@ The file format is not supported.

Supporting formats:

1. WEIS Data File(*.wdf)
2. Z# Data File(*.wis)

3. Z# Data File(*z%)

4. Gamry Data File(*.dta)
5. Zahner Data File(*.ism)
6. Solartron Data File*.z)
7. Autolab Data File(*.dfn)
8. Data File(* dat)

9. Text File(* bt} I

if not yet acitivated, only wdf and wis files are supported.

Aot
]

Figure 27. File format information

Once you select an ASCII format data file or after you checked the iShow di al ogo
check box ON, you may see the following window

< Open ASCII File — -
P ==
6.0k
File Name | dummyz ‘ 5.0k-| R[]
4.0k-|
Header =
File: dummy - IAN,23.2008 a 5
System. =20k
Potential.c -0.0025V H i
Current...: 485.33nA iy
Temperature: 29 +-0.1C Q0-jwe
Time.... 143352 - 143839 i
g:;mm o 5 | eowm o] [pascen B 00 1000 ' 3000 ' 5000 | 7000 | 900010k Lik 1%
. -
1 1051E-3 17185E:0  -38170E+D = #ohm HiEwl
2 1321643 1588080  -33.5406+0 2] 100k 200
3 1660E+3 18891E:0  -29.4106+0 E
4 2.087E+3 14.116€+0 -25.830E+0 b 0
5 2623E+3 13.480E+0 -22.780E+0 = 1.0k Lomn 2
6 32066.3 1 12038:0  -20150£40 £ ¥
7 4143643 12449E:0  -17.8306+0 = 3 -
8 5207643 1202380 1567080 ™ 10004 &
9 6.544E+3 11658E:0  -13630E+0 E 600
10 82253 11362620 -11700E+0 =~ ]
100 T T T T T T -80.0
fgnore first | 1] columns [ Negate 3rd column 00m 1 10 100 1k 10k 100k 1M
Frequency [Hz] HiEw
Figure 28. Read Text File
If the data file which you selected has no EIS data or invalid file format, the

following message box will appear.

ZIMAN

@ There is no valid data in the file, "testevl71740.WDF"

Figure 29. No data in file message

If additional col umns 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 format s, column skip function and negative colum3 selection

will be inactive

Figure 30. 1° column: seridl number, _Zng polériiy opposite

16



Sometimes, the sign convention of the third column may be inverted. In such
case, press Negate COL3 and plot it in Nyquist Plot and Bode Diagram.
predetermined file format, column skip function and negative colum3 selection
will be inactive

Pr e sGK o

With

17



Chapter 4

If you selected data file, The data file will mov

Preview Data file

e to preview section(B) or project

section(C) when you selected project file

A. Preview

(5]

range [ 0t ~[ s0f]

6.0k
5.5k
5.0k
4.5k
4.0k
3.5k
3.0k
2.5k
2.0k
1.5k
1.0k~
500.0-

-Z" (Ohm)

0.0
-500.0

selected |, ™,

Raw

]

Figure 31. Preview EIS data in section

z' (Chm)

T T T T T T i
00 2000 4000 6000 8000 1.0k 1.2k

BRIm

fiBo

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

B. Preview Data table

1. Data format

graphic or data list also you can edit the data file

The following data formats are available for display

Impedance, Z [=]Em|

+ Impedance, Z
Zin Polar ...
Admittance, ¥
¥ in Polar ...
Modulus, M
M in Polar ..

E in Polar ..

Diglectric Constant, E

Figure 32. Data format

fiin Polar € dmeans in polar coordinate.

18



a) Impedance Z

Empty Cell Cap. 83.5419FF

) Impedance Z in polar

Zin Polar . [=]| Empty Cell Cap. 88.5419fF

\»@U

A E C A B c -
Frequency [Hz] Z' [Ohm] Z' [Ohm] H Frequency [Hz] |Z| [Ohm] Phase [deg] E‘
[ 2000000 204140019 -1489.257592 [ 2000000  1503.183729 -82.194822
1 1501100 34469093  -1827.208844 1 1591100 1859524013 -79.317584
2 1265900 450.999995  -2193.294343 2 1265900 223918313 -78.380416
3 1007100 56270633  -2662.401604 3 1007100 2721216859 -78.065999
4 801220 874385467  -3277.170868 4 801220  3391.813503 -75.060859
5 637430 1003808749  -3046.864952 5 637430 4095627001 74510161
6 507130  1383.248007  -4803.575251 6 507130 4993770873 -73.0356
7 403460 1791.803332  -5860.461952 7 403460  6128.286547 -72.998477
] 320080 2200339151  -7088.500385 . 8 320080 7422159907 72755172
] » 4 3
Range Range
g
A mael%c:u
. ohis --10.0
e [ . ;
4 2| - Rad, --200
s
. Phase - Rgw 300
E 1 E)
— 5 % 00 &
. = 10.0k-| . =
. =R ’ . --50.0 &
125k =
100k-| * v 500
7.5k 0 ‘. 700
5.0k-|s .
H --80.0
25k-f ‘
0.0 : . 1 : | L0k e -90.0
00 200k 400k 600k 800k 1000k 110 100 1k 10k 100k 1M 1OM
' (Ghm) BEm Frequency [Hz] Eaam

¢) Admittance Y

Admittance, Y [=]| Empty Cell cap. 88 5419fF

d) Addmitance Y in polar

I Cap. 88.5419fF

ampy el
A

A B C - B c -
Frequency [Hz] ¥ [S] ¥ [5] \il Frequency [Hz] I¥] [S] Phase [deg] El
[ 2000000 9.034493E-5 0.000659 o’ 2000000 0.000665 82.194822
1 1591100 0.9684009E-5 0.000528 1 1591100 0.000538 79.317584
2 1265900 8.00402E-5 0.000437 2 1265900 0.000447 78.380418
3 1007100 7.598983E-5 0.00036 3 1007100 0.000367 78.065999
4 801220 7.600445E-5 0.000285 4 801220 0.000295 75.060859
5 637430 6.520796E-5 0.000235 5 637430 0.000244 74510161
6 507130 5.535713E-5 0.000182 [ 507130 0.0002 73.9356
7 403460 477127e-5 0.000156 7 403460 0.000163 72998477
8 320980 3.994193E-5 0.000129 « 8 320980 0.000135 72735172 &
4 » 4 »
Range E Range
selected |7, ] 7] + Selected
500.0u- Raw - Phase - Selected| [~.] [#00
P ] 2] 1 Raw 700
500.0u-] -
| Phase - Raw —e00
. o
@ 200,00 @ Z
7400 @ 500 &
s . = 100.0u] =
300.0u- 5 ’ 2008
. ] 300
20000 .
. 200
.
100.0u- . 1s
. 100
0.0 j . . . 100u e 00
oo 200u 40.0u 60.0u 800u 1000u 1 10 100 1k 10k 100k 1M 10M
e Bl Frequency [+ Bl

19



e)Modulus

M

empy cell cp | sa5¢197] [
C -

A B

Frequency [Hz] M " E
[ 2000000 0.001657 0.000227
1 1591100 0.001617 0.000305
2 1265900 0.001545 0.000318
3 1007100 0.001492 0.000315
4 801220 0.001461 0.00039
5 637430 0.0014 0.000388
6 507130 0.001355 0.00039
7 403460 0.001315 0.000402
8 320980 0.001266 0.000383 «

e

550.0u-

500.0u-|
450.0u-|
400.0u-|
350.0u-|
300.0u-|

M

250.0u-|
200.0u-|
150.0u-|
100.0u-|

50.0u-]

0.0-

e, Selected El
.
L Sefan [T

T T
0.0 250.0u500.0u

T T ]
10m 1.3m 15m 1.8m

M B

g)Dielectric constant E

L

Dielectric Constant, E [=]| Empty Cell Cap. $
B C

A

Frequency [Hz] E E" (Loss Factor) E
i 2000000 592361871 81198017
1591100 587.007109 112615917
1265900 621.140281 127.723059

1007100 641720747 135629544
801220 639.079337 170513442

637430 £63.514433 183.882119
507130 £81.381341 196.212057
403460 695.223815 212571454
320980 720589176 223677573 «

Range
20.0M | ; l:l'
Selecte:
18.0M-|
16.0M - Faw I:l
14.0M-|
) 12.0M *
" 10.0M |
8.0M— s
2.0M-|
aom- *
20M—:
0.0 T T T T T T
00 10M 20M 30M 40M 50M 60M 70M
E B
2. Empty cell capacitance value
To get dielectric constant and modulus, you
value
L=
Empty Cell Cap. 88 5416fF Batch
B C -
1 Z' [Chm] Z" [Ohm] EI Add Ttem
vl 415.918454 -1398.024402

15 21nNAE

Figure 33. Empty cell

If you do not know empty cell capacitance value, click

1801 TANA1A

f) Modulus M in polar

M in Polar ... [=]| Empty Cell Cap.

A B C -

Freguency [Hz] L] Phase [deg] E
o 2000000 0.001673 7.805178
1 1591100 0.001646 10682416
2 1265900 0.001577 11619584
3 1007100 0001525 11.934001
4 801220 0.001512 14939141
5 837430 0.001452 15489339
6 507130 0.00141 16.0644
7 403460 0.001376 17.001523

8 320980 0.001325 17.244828 «
4 »

capacitance value input

Empty Cell Cap. 8254197F

. -90.0
; ..-" Ne\ected b e
Lomde Phase'—'._‘;e\ected L. |80
T 121 - Rawf, [7=] |700
100.0u Phase gy [T Leoo
E - =]
= ; ' 500 &
Z lo0u; s ol T
E ’f . -40.0 8
] o .
1.0u1 o % -300
F o -'n
1 . - -20.0
100.0n > ey
E ™, |00
10.00 A 0.0
1 10 100 1k 10k 100k 1M 10M
Frequency [Hz] -ﬂﬂl
h) Dielectric constant E in polar

A B C -

Frequency [Hz] 1§l Phase [deg] E
0" 2000000 597901083 7.805178
1 1591100 607.53587 10682416
2 1265900 634.13597 11619584
3 1007100 655.897012 11934001
4 801220 661435736 14939141
5 637430 688.523083 15489839
[ 507130 709.069603 160644
7 403460 726995719 17.001523

8 320980 734506737 17.244828
] 3

Range

ERRR Nelected
3. % -80.0
100M4 .. Phase rsg.elected IE
E Z| - Ra -
e ] o Ry [T froo
1 oM+ . Phase - Raly I:l 600
E " . o
E - 5
= ] - 500 %
100.0k 4 ¥ =
E "",‘ . -40.0 &
] .
10.0k+ - -30.0
E 3
: kS 200
1.0k e
E ¥ |00
1000wy 0.0
1 10 100 1k 10k 100k 1M 10M
Frequency [Hz] -EM

must input empty cell capacitance

button located on the
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input area then you can see fiset geometry 0

Click this button then you can@sﬁee the following menu

% Parallel Plate Model

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 a
separation of d.

A Arez, A

- Separation, d

=

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 input two parameter value and click fOKO then the calculated empty cell
capacitance will be displayed on value input.

3. Table Menu

To see table menu, click right button of the mouse then menu will appear.
193E-5 1.745241E-5 3
126E-5 1.458691E-5 4
'65E- Impedance, Z
'99E Zin Polar ..
wse{ + Admittance, ¥
i03E- L Y in Polar ...
i26E]  Copy Table Modulus, M L
M in Polar B
Select All
nge i
select Col D\elem;\c Constant, E
7| Select Row BlEEs
Insert Row
Delete Row
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

fiselect Col 0 or fiSelect Row 0 and select ficopy 0
[admitance,v_ [<lempy cell capactance 48|

A B c =
Frequency [Hz] Y [S] ¥ [S]

14 | 40701 | 298454565 | 3.010861E5

15 32457 2.832593E-5 2.496076E-5 H

16 & 2.086723E-5
17 Immittance » 1.745241E-5
b BT
19

1.226085E-5

20 | 1ozssases
21 Copy Table 8 605416E-6
22 7.22079E-6
23 Select Al 60812766 -
—_— Select Col
® Nyquist Plot © g  Select Row CEEIE]
Insert Row

500.0u-1
25000 ’7 Delete Row Jected |, 7]
| [

Set Column Value
400.0u-|

Figure 36. Row copy




b)

<)

d)

e)

f)

[c:#ZMAN DatawktuS.ism

Admittance, Y E‘ Empty Cell Capac\tance

A

14

20550
18352
13012

Frequency [Hz]
40791
32457
25827

Immittance 4
2984545
2832503

27214271 Paste

10353

Copy Table

2441745l Select All
2373799 select Col

21 22383 23010058 select Row
22 65553 2.266603
23 52161 [ 22215066 M€ Row
. Delete Row
@ Nyquist Plot © Bode Plot Range
Set Column Value

500.0u-

Figure 37. Column copy

Paste ( Needs License Code)

This function is to paste the copied valued on t

license code, this will be inactive.

Copy Table
This command will copy entire table value.

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.

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
= 00 |

sy Bou apainaiine |

B ¢ -
7' [ohm] 7' [Ohm] Add Ttem
575450243 [ -2056.361182 |
718.614904 | -248/.199177 |
916739329 | 3021 [mmittance y
1143 36733 -366
1463 029469 437 Copy
1917538524 | -5243  Paste
2520896238 | 6260 (o0 Tope
3207423592 | 7404
4284 108906 858 Select All
Select Col
Select Row
poe
Insert Row
Selected E Delete Row

Figure 38. Set column value
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Figure 39. Set column value
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[=x=)

“+ ZMAN - Set Column Value s mem
= 4 Cols.
e 1B [ —
Functions & Constants
- E absix) [=]
A
Figure 40. Input formula directly
I f you click OK button

« |[CHZMAN Datawktus.ism ]
Impedance, Z Empty Cell Capacitance[4F |
A B [4 -
Frequency [Hz] 7 [ohm] 7' [(Chm] |
0 1000000 575450243 2056.361182
1 795710 718614904 2487.199177
2 633150 916739320 3021601152
3 503810 114336733 3661.09623
4 400880 1463.029469 4379.35749
| 5 318980  1917.538524  5243.381215
6 253820 2529.806238  6260.285019
7 201870 3207423502 " 7404418089
8 160710 4284108906 858167599 <
«

_|| @ nyquist Plot © Bode Plot

;
ronge [0 &[5

0.0+
206
-4.0k-%
6.0k %
-8.0k-| °,
100k *
-12.0k-|
-14.0k-| -

-16.0k~ .
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Selegged [~
Rav-f;-

Figure 41. Polarity changed data

If you want use predefined funct

2 ZMAN - Set Column Value

- -

et

cm =

v cas

i

AT Frequency

Figure 42. Select column parameter

col

umn

ion, Use the following rule.

Select column parameter which you will change for the selected.

Click @

2] ZMAN - Set Column Value et ===
<l = v
- @ iz
Functions & Constants
HRGRED 5

Figure 43. Dragging variable for usage of functions.

C dat abs

If you want to use the abs(x) function, double click or drag the parameter
which yo u want to apply

pol arity
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2] ZMAN - Sat Column Value .

s v cols
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.| & s

From[o 1 Tolss
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Figure 44. Select function

[ L]
Select function or constant and click

2] ZMAN - Set Column Value sty =]
cr = v cols
abs(Cr; B cirz
Functions & Constants
J abs(x) =

Figure 45. 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

D#ZMAN Data#10-59-44-721. 2%

[Impedance, Z [=] Emoty cell cap.| 88.5419fF |

A 8 C =

Frequency [Hz] 7 [ohm] 7' [ohm] EI
0" 10000 0005037 0.003578
1 7742.63683 0004941 0.002809
2 5094.8425 0004966 0.002057
3 464158883 0005004 0.001502
4 3593.81366 0004999 000106
5 27825504 0005014 0.000724
6 215443469 0005036 0.000439
7 1668.10054 0.00509 0.000217

8 1291.54967 0005108 907669666 ~

«

:
NER e | olzl-_ sk

60m <
. " slected [T,

5.0m-| . =
. Raw - [7.]

4.0

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

Z (©hm) B el
Figure 46. Preiew

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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Figure 47. Zoom menu
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Figure 48. Zoom up

Place the mouse cursor on the graph and click right button of mouse then you can
see the sub menu. Select the cursor as follows

N & BN Py -
[VH ] Range | 0f#~| 45k [*
1.0m=
Selected [~ ,]
500.0u-] s Raw =
00 .
~500.0u:
E -Lom
£
=2
Fa -15m
T — T
-2.0m
Indexed
25m Remove
_3.0m-] b Rescale to Show All
Matching Scales
-3.5m-|
Export Image to Clipboard

-3.8m-y v i v
32m 40m  50m  60m 70m 80m 9.0m

" (©hm) )
Figure 49. Cursor mode selection

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

CeEES e 025 3]

1.0m =y

500.0u-| S,

0.0
[#8] 1.292kHz

-500.0u+| -

-1.0m-| »
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-1.5m+| L

-2.0m-| rl
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-3.0m+|

-3.5m-| -

-3.8m-; T T T T T i
32m 40m 50m 60m 70m 80m S0m
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Figure 50. Select data pointby  cursor mode

or click right button of mouse. Then click fiGoto indexed data 0
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E vomq i Goto Indexed Data
= Remove Bad Data
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! Rescale to Show All
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Figure 51. Cursor function

You can see the data point cor

+ | DWZMAN Data#10-58-44-721 7%
A B c a
Frequency [Hz] Z' [Ohm] Z" [Ohm]

8 [ 129154067 0.005108 | 907669666 | —
9 1000 0.005168 -0.000163 E‘

10 774263683 0.005232 -0.000308

1 59948425 0.005302 -0.000452

12 464158883 0.005389 -0.000572

13 359381366 0.005478 -0.000727

14 27825594 0.005566 -0.000902

Figure 52. Cursor pointed data

responding to the cursor location

The cursor pointed is the 8th data point in data list.
You can input 8 in the Range box instead of O

= WER rarge [ o1#]
6.0m- —

1 Sétected [

]

0 Raw

5.0m-|
.
40m-| .
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e
e s °
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7' (Ohm) Bl
Figure 53. 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
sectionoCo

DWZIMAN Dataw10-59-44-721 7%

oty Coll Cap. | snsanste

A B c S
Frequency [Hz] 7 [ohm] Z* [ohm]
3 129154867 | 0.005108 | 9.076696E-6 ||
9 1000 0.005168 -0.000163 ||
10 774263683 0.005232 -0.000308
11 599.48425 0.005302 -0.000452
12 462158883 0.005389 -0.000572
13 350381366 0.005478 -0.000727
14 278.25504 0.005566 -0.000902
15 215443469 0.005677 -0.001089
16 166.810054 0.005797 -0001273 -
‘

.
(™AL e |5~ asE]

B.0m- T <
T L T

the selected data set will be transferred to project

EEEE)=
D:WZMAN DatawUntitledd zmp

Batch

Impedance, Z =] empty Cell cap 1F
A E c ~
Add Item L Jtem X *2
0 1059-44721 0 °
1
2 L
2 =
4
s
5
7
] -
4 m ] >

s BN |(par [ Pic @B

Figure 54. T}ansferring data set to project
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You can see data preview by selecting file name at secti on fiCo

FEREE

D#ZMAN Data#10-59-24-721 2% E) D:#ZMAN Data#Untitledd zmp
Batch
Impedance, 7 [=] Empty Cell cap. 28 54191F [Impedance, 7 [=] empty cell cap.| 1|
A 5 c A A B c .
Frequency [Hz] 7' [Ohm] 7 [Ohm] Add em Frequency [Hz]  Z_raw [Ohm]  Z'_raw [Ohm]
8 129154967 0005108 | 0.076696E-6 0" 129154967 0005108 0.076696E-6
9 1000 0.005168 ~0.000163 |7 1 1000 0005168 -0.000163
10 774263683 0.005232 -0.000308 2 776263683 0005232 -0.000308
11 59948425 0.005302 -0.000452 3 599.48425 0.005302 -0.000452
12 464158883 0.005389 -0.000572 4 464158883 0005389 -0.000572
13 350381366 0.005478 -0.000727 5 350381366 0005478 -0.000727
14 27825504 0.005566 -0.000902 6 278.25594 0005566 -0.000902
15 215.443469 0.005677 -0.001089 7 215.443469 0005677 -0.001089
16 166.810054 0.005797 0001273+ 8 166.810054 0005797 0001273+
« » < . »
B o - 3 Pic
MR e (M EREREHLAIRIES
6.0m . 6.0m
ot sfected [T, ot R [T
S0 . R[] il . fied [
. 5.0m-| v
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Figure 55. 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

=S nange [_oF] - [ 25E2]

7.2k

6.5k
6.0k-|
5.5k-|
5.0k-| -
45k-]
4.0k-]
3.5k-| -
3.0k -
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2.0k .
1.5k -
1.0k-|
500.0-

0.0 T T T T
00 2.0k 4.0k 6.0k 8ok 95k

Z' (ohm) I m
Figure 56. Zoom up

Z' (Ohm)

By cursor function, move the cross -hair cursor to the bad data
B 5 Range | 0+ 294

15.0k-| o
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13.0k- Raw  [7]

12.0k-| a3

11.0k-| o

10.0k-| o " o
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1.0k-|g

0.0 T g g T T d
00 100k 200k 300k 400k 500k 60.0k

Z (ohm) BERm|
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Figure 57. Cross hair cursor on bad data



Click right button on graph and select

)

5.7k
7| Selected
5.0k-| a Raw [
4.5k~
o
4.0k~
_ 1 o
£ 3.5k
&
e S S Show C
. o _—
2% a Goto Indexed Data
2.0k~ £ Remove Bad Data
15k- ® Rescale to Show All
Lol = Matching Scales
<000 o Export Image to Clipboard

OO_I T ] T ] T T T
00 20k 40k 60k 80k 100k 120k 148K

z ohm) i

Figure 58. Remove bad data

Now the bad data point was deleted

]

ange [ 0%:]-[ 28]

Selected
v [

2.0k
1.0k-{2!

oo
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Figure 59. Bad data was deleted

fiRemove bad data

N

(o]

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.
™S Ronge 0]~ @3]

100.0m- 200

-15.0
100
5.0

T, *  loo

--5.0

£}

2] tohm)
(3 O
[B6ap] sseyqd

10.0m- :

--10.0

. .

. J --15.0
B L --20.0

T, . --25.0

10M e300
10m 100m 1 10 100 1k 10k

Frequency [Hz] -Em
Figure 60. One point bad dataon  Bode plot

You can select bad data by cursor function and click right button of mouse. Then
click interpolate bad data.
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Figure 1. Interpolate bad data(before & after )

4. Editing Data poin ts

If your data contains bad data points, you can change the point value

576 8-
550.0- Selected [[7,]
.
500.0- Raw [
450.0-
.
400.0- i
= 350.0- . : .
IS T .
©3000- ., .
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Figure 61. Select bad data by cursor function

You can select bad data by cursor function and click right button of mouse. Then
click AGo to dndexed dat a

A B C B
Frequency [Hz] Z' [Ohm] Z" [Ohm]
14 | 162440 | 3108 | 23011
15 120220 897.62 15761 2]
16 102780 91462 -156.81
17 81762 93883 12528
18 65038 953.04 11481
19 51735 96096 -04.850
20 41153 96456 -79.358
2 32735 97032 -65.033
22 26040 97347 -50.206
23 20713 9775 52451 +
[ = =
AT
647.8
0004 Selected
Ra
550.0- 7]
5000 :
4500
P
£ 40007 o
6 3500 °o ° a
N [ o
N 3000+ o i s
25004 & i
200.0-° a
f
150.0- '"'E =
1000 EH
]
500- ¥
00

0‘0 206040606060806016k llzk lflﬂ( llﬁk

Z (ohm) Bl

Figure 62. Bad data value list

You can change the value of Zimg to -180.



Impedance, Z [=] empty cell cap.| 88.5410fF |
A B 4 -
Frequency [Hz] 2 [ohm] 2* [Ohm]
14 162440 881.08 W20
15 120220 207.82 -157.61 [
16 102790 91462 -156.81
17 81762 93883 12528
18 65038 953.04 -11481
19 51735 96096 04359
20 41153 96456 79358
2 32735 97032 -65.033
22 26040 97347 -59.206
2 20713 9775 52451«
B = =
R oe 04304
5826
550.0-] Selected
500.0- e I
450.0-
400.0- +
E 3500+ s
5
£ 3000+ =
f o
2500+ o . -
2000 o
1500~ v
100.0- e
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00 2000 4000 6000 8000 10k 12k 14k
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Figure 63. Data value changed

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

right button on plot region.
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Figure 64. Nyquist pot

Export Image to Clipboard

E button. To view pop up menu, click

a) Cursor
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Figure 65. Nyquist plot ¢ ursor 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 mo use button, you can see the right side graph

At cursor mode, pop up menu is as the follows.
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' Show 3

Goto Indexed Data

----------------- Remove Bad Data

Rescale to Show All
Matching Scales

Export Image to Clipboard

Figure 66. Pop u;menu on Nyquist plot
Goto Indexed Data & Remove Bad Data is activated.

Legend submenu

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

Line Sty 3
e v
Anti-fliased

Ear Plats 3
Fill Base Line  »
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Point Styls b

3

»
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¥ Scale

|33p] Z jo asery ]

|
Figure 67. Legend submenu

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

Remove Bad data
You can delete cursor pointed data.

Rescaleto show all
If the graph was zoomed up, it will initiate scale to see whole graph
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Figure 68. Rescale to show all in Nyquist

Matching scale
This will display X axis scale equally to Y axis scale.
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Figure 69. Matching scale in Nyquist



f) Exportimage to clipboard
Copy graphic into clipboard to us e in other application software such as Word,

Excel etc..
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Figure 70. Clipboard image
2. Bode Plot

If you want to see Bode plot, click button. To view pop up menu, click right
button on plot region.
Same as Bode plot except matching scale.
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Figure 71. Bode Plot cursor display

Same function with Nyquist plot
Pop up menu on cursor mode is as the following.
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Figure 72. Pop up menu on Bode plot

Same function with Nyquist plot except Interpolate bad data function.



b)

<)

d)

e)

f)

Legend submenu

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

I
v

Anti-Aliased

Bar Plots

Fill Base Line:
Interpolation
Paint Style
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»
»
»
3
X 5cale 3
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|
Figure 73. Legend submenu

You can change each line & 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 B ad 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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Figure 74. Clipboard image

33



Chapter 5 Project

A. Howto U sethe Project (fACO 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 se ts 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 8dctionih

B. Data file transfer to project

You can upload multiple files on project by the above pro cess.

1. Add item
You can transfer data file on preview section to project section by clicking fAdd
item 0O button.
[x
Grwzmandatawktud ism CHZMAN DatswUntitled2 zmp
Empty Cell Cap.| 8854197 | Bateh Impedance, 7 | Empty cell cap 1| |
A B Cc - A B C -
 Frequency [HZ] Z' [ohm] z/iohml (=) Add Tem Rrem X1 X2 [
[ 2000000 416.018454 -1308.024402 0 kw2 1 3
1 1591100 513.610045 -1681.740411 1 ktus 2 [!] E
2 1265900 626.047512 -1958.584561 2 ktub 2 0
E 1007100 772.864936 -2365.451017 3 ktul E 0
4 801220 1102.715246 -2855.90533 4 ktu3 4 o
5 637430 1366.692752 -3428.146627 5 ktud 5 0
] 507130 1691.102044 -4004.521348 [
7 403460 2057.14612 -4834.077816 7
8 320980 2571953398 -5712328009 - 8 ~
« 3 < m B
Figure 75. Upload EIS data file
2. Batch transfer
You can transfer multiple data file to project section by clicking fibatch 0 button or
select batch on file menu (short key: ctrl + B). When you click fibatch o 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 pr oject without clearing the project.
This function can be done by selecting Merge in File menu.

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.



Impedance, Z [=]| Empty Cell Cap. 38.5419fF
B o

A C

Frequency [Hz] Z' [Ohm] Z" [Ohm] @
0" 4999.999939 0.004054 0.001059
1 387131841 0.004103 0.00062
2 2097421251 0.004199 0.000447
3 2320794417 0.004171 0.000258
4 1796.90683 0.004162 3.961618E-5
5 1391.2797 0.00427¢ -8.065733E-5
6 1077217344 0.004367 -0.000253
7 834050269 0.004402 -0.00039
8 645774233 0.004512 -0.000425

]
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Figure 76. 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

& range.
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Figure 77. Data transfer by splitting.

You can transfer each data set to project.

C. External

parameter

setting

If you did upload multiple files, you can you can input value
temperature value, voltage value, d

input a value, double click

DHZMAN Datattscap_cellstotal zmp

FIFEIEE

Impedance, Z

| empty Cell Cap ¥ &5

A
Jtem

14-10-57-231
14-54-20-731
17-21-20-231
17-06-32-231
14-10-57-241
14-54-20-241
17-21-20-241
17-06-32-Z41
14-10-57-251

@ bW e

Volt(@Cv)

B

wo

]

1
E;l
6

1
14
17
6

R W W W w

l m

i

Also you ca n define ( name ) parameters

B |[2or | Pic \;

Figure 78. Parameter

editing

istance value etc.
on the required cell

(X1, X2,

and X3)

s, at X1, X2, X3
for use in a parameter plot. To
and input the value as

by

, such as

shown above .

c | Edit kemnogcom
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|_ _
infAiCod section

% ZMAN - Edit Items . =

Item List

1st Control Parameter

2nd Control Parameter
X2

3rd Control Parameter
Rename *
(1) ktuz

Figure 79. Labeling Control Parameters

If you change parameter name, these name will be used for parameter plot or 3D plot.
You can upload multiple data files by clicking fiBatch 0 button at central part.
upload multiple data files by <clicki
multiple files by  normal windows  ctrl or shift button operation.

Note: Batch uploading  will not display preview ( section fi C)0

You can
ng fABatcho

D. Datafile 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 downicon to moveto wanted location.
. ===

*» ZMAN - Edit Items
Ttem List
(1) ktul - 1st Control Parameter
@) ktu2 x1
U]
() ktus Rz 2nd Control Parameter
(5) ktu6
(6} ktud x
3rd Control Parameter
Rename X
(3) kw3

Figure 80. Edit item

E. Open datafile directly

1. Project file reading

You may open the project file (file extension: zmp) by clicking folder icon at
ACO section or double click project file at file browser (section fAQ)
In th is case current folder & data will be cleared.

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

Yes 4 Mo

Figure 81. Warning message

2. WDF file reading

If your WDF file(WEIS data file) has multiple impedance data set by cycling, It can
be directly transfer set of data to project region(section 0Co0)

but't
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When you did double click on WDF then following message box will appear

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

o Vee ] [ No |

Figure 82. Multiple data set WDF 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.

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

EEEIEE

CHIMAN Data#Uniited2zmp

Trem List
Call Information

gz __[o] ey
y 21kws
Frequency ] 7 (B/HE

[ 2000000

1 1591100

2 1265000

3 1007100

4 201220

1383248007 4803575251
1791893332 5860461952
2200338151  -708B509385 -

Figure 83. Select file name on combo box
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Or double click the index number on item list.

[ em List =]

Impaance, 7 | Empty Cell Cap. 1F
A B C -
Atem X1 X2
) | 1] 7]

ktus 2 o
ktué 2 o
ktul 3 o}
ktu3 4 o
ktud 3 o

1 | 3

Bn || par || Pic QB

Figure 84. Select file name on item list

Then you can see preview for the data file as Nyquis, 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

F:#zmandatawhan.zmp F#zmandatashan.zmp F¥zmandatawhanzmp
Impedance, Z (=] Emoty cell cap.| 1| [impedance, 7 [=] Empty cell csp. 1 . Impedance, Z [=]] empty cell Cap.
A 8 C - A 8 c = A 8 c -
Frequency [Hz]  Z_sw (Ohm]  Zaw [Ohm] [ Flequeny (el Ziraw [Ohm] Z'saw (ohm] [  Frequency [H2) - Zoraw (Ohml  Z7_saw [Ohm] ]
0 2000000 204140010 -1489.257502 ' 2000000 204140019 -1489.257502 0 2000000 204140019 -1489.257592
1 1501100 34450083 -1827.298844 1 1591100 34460003 -1827.298844 1 1591100 34469093 -1827.298844
2 1265900 450999936  -2193.294348 2 1265900 450999996 -2193294348 2 1265900 450999996 -2193.204348
3 1007100 56270633  -2662401694 3 1007100 56270633  -2662.401694 3 Loe7io0 362.70633  -2662.401694
4 801220 874385467  -3277.170868 4 801220 874385467  -3277.170868 4 801220 874.385467  -3277.170268
H 637430 1093.808749  -3046.864952 s 637430 1093808749 -3046.864952 5 637430 1093808748 -3846.864952
6 507130 1383248007  -4803.575251 6 507130 1383248007  -4803.575251 e 507130 1383248007 -4803.575251
7 403460 1791893332 -5860.461952 7 403460 1791893332 -5860.461952 7 403460 1791893332 -5860.461952
8 320080  2200.336151  -7088509385 H 320080 2200339151  -7088500385 8 320980 2200339151  -7088.509385
‘ 0 » ‘ I > 1 I} »
1000k 00
e [ i
- 2 --100
Fitted . £y
3 200
i -30.0
£ i 7
5. . \'* 00 §
[ . --50.0 fg
K --60.0
‘e 700
“~
--80.0
00 ] ! ! ! LK er--90.0 1.0k : - ! .
00 200k 400k 600k 80Ok 100.0k 1 10 100 1k 10k 100k 1M 10M 1000 800 600 400 200 00
Z onm Ealnl Frequency [Ha Ean PaseiDegl Bl

Figure 85. Preview graphics on Project (Nyquist, Bode ,Black Nichols plot)



doE @ &

F:#zmandata#han.zmp

El ] [ r-—

403460 1791.893332 -5860.461952
320980 2200339151 -7088.509385 «

“«

mp
Ematy el op|
. 5 c — | ¥ [=]| Empty Cell Cap.| 1F|
Frequency [Hz]  Z_raw [Ohm]  Z'_raw [Chm] B " B c
) 2000000 204140018 -1489.257592 Frequency (] Z'_raw [Ohm] 7'_taw [Ohm]
L 1581100 34463003 | -1B37 208844 0" 2000000 204140019 -1489.257592
2 1265000 450.000006  -2103.204348 i 1591100 469093 | 1527 298844
3 B T 26mATI 2 1265500 450999996  -2193.204348
5 637430 1093.808749 -3946.864952 3 1:31;23 B?zzsggigi ig?:‘;g;g::
6 507130 1383.248007 -4803 575251 B
5 03460 179LE03332 | 5800461052 5 637430 1003808740  -3046.864952
8 320980  2200.339151  -7088.509385 & 507130 | 1383243007 | 4803575251
7
8

“«

— &

A
Paramater Value Error

>

IS ERE [«)

Best Fitted Mode! : RIL-Rs-R1|Q1-GQ2|(R2-LilR)
8

"

o Rl 1240.407574 o
1 L 133505817 [
2 Rs 2.632418E-8 (3=
3 R1 75900.15739 [
4 Q1 5.46176E-10 [ E->]
5 Qal 0.853463 o iy N _-_ I~
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7 Qa2 0929374 [
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£} L 40022179551 [
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11

12

13 e

« >

Figure 86. Preview parameter info & model pictorial

G. Data Editing on Project

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

D#ZMAN Dataiuntitled2.zmp

= mpy Col Cap

#|| [ kuli2ocvam

A B C -
Add Tem Frequency (M2 Z_saw [Ohml  Z"raw [Ohm] 2]
o’ 4000000 46998 -183.97
1 3181800 78.834 -21176
2 2531000 14507 -239.41
3 2013300 196.66 -256.95
4 1601500 25461 -278.43
5 1273900 31153 -285.89
] 1013400 37041 -289.43
7 806080 42458 -273.01
8 641200 48207 -25821 ~
« I '
»
Show v

Goto Indexed Data
Data

Rescale to Show All
Matching Scales

Export Image to Clipboard

v

371 2000 400.0 600.0 800.0 10k
z (onm) Erel

Figure 87. Data editing on project



Chapter 6 Data analysis

A. Kramers -Kronig Consistency

File FElot | Analysis Tools Help

F'rDjE'Et KK Cﬂn&l—.S-tEnC}l'__.

Modeling...

E Circular Fit...
"~ Model Subtraction... F

"f-jﬁ (o-Fz=Feg=r=r e

Figure 88. KK Consistency menu

1. Kramers -Kronig relation

The validity of Complex Impedance d ata may be checked by the Kramers -Kronig
Relation. The Kramers -Kronig Relation is given by the following

Z0 to Z 6 Transform:

Z(W) =2/ (a)+ 2 {2XE0) M2 W) g,
p 0

X2 - W

Z06to Z o Transform :
" 2w s Z'(X)- Z'(W)
Z =- —N———"dx
(M/) p r(;] X2_ M/2

In order to perform the calculation, ZMAN first interpola tes impedance data with
points equally spaced in the frequency domain. After that, the interpolated data is
calcul ated by Maclaurindéds series method

o

ESTEE o et

Figure 89'. KK éo-;léisténcy

2. Data File Selection

Select a data file analyzed in the Filenames Box. If you want to analyze all data in
the project, make AAlI |l 6 check box checked.
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3. Interpolation Density  option

Select an option in the #Alnterpolation Densityo |
Low, Medium, and  High. If you select High, it may take around half minute to

complete the calculation, depending on the performance of your computer.

4. Calculate

Click Calculate. After calculation if there is error, error color will change to red.
Calculation time willbe d  isplayed.

Calculate All

Interpolation Density

| High B

Time taken
| 1.108s| dgEror

Figure 90. 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

o } Bring Cursor to Center
Go to Cursor

Export Image to Clipboard .

Figure 91. Nyqu ist plot pop up menu

-

=

Rescale to Show aAll

Bring Cursor to Center
Go to Cursor

Export Image to Clipboard

Figure 92. Bode plot pop up menu

6. 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 t he Error Graph, where gz and
calculated by the following equations:

Zyk

ZdB]=T 20|ogﬂ ; ;
Zraw and CpP h @deg]; LEZKKH_ uEZraW[
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+ KK Consistency

(1) 18-37-04-731 250k
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Frequency [Hz] HEw
ExportDaia o Clipboard

Figure 93. KK consistency error diagram

7. Import data to clipboard

When you click fimport data to clipboard 0 butto n, KK consistency calulation result
will be copied to clipboard.

No Freq (1) ktu3:Zre (1) ktu3:Zim (1) ktu3:Zre_KK (1) ktu3:Zim_KK

1 1.000000E+6 9.534747E+2 -2.402724E+3 1.161808E+3 -3.456998E+3

2 7.957100E+5 1.140401E+3 -2.837647E+3 1.282861E+3 -3.891953E+3

3 6.331500E+5 1.425871E+3 -3.414924E+3 1.480751E+3 -4.350381E+3

4 5.038100E+5 1.712020E+3 -4.079632E+3 1.790460E+3 -4.928293E+3

5 4.008800E+5 2.131309E+3 -4.828724E+3 2.129337E+3 -5.645927E+3
When you click OK button, KK consistency resul t will be applied on project. If you

click AiCancelo button, result will be discarded



B. Modeling

I n order to fit your EIS data to equivalent ci rcuit, Enterto  Modeling Menu.
“» ZMAN - gahan *

M ng...
Circular Fit...

Model Subtraction...

T | DWZIMAN Datatth

U U
ferrocene(0~0.6)_rund1_unlch®
Impedance, Z

ferrocene(0~0.6)_run0d1_unlch:
ferrocene(0~0.6)_rund1_unlch®
ferrocene(0~0.6)_rund1_unlch®

ferrocene(0~0.6)_rund1_unlch® Freque
; ferrocene(0~0.6)_rund1_unlch® o
-2 gahanzmp 1
Figure 94. Modeling menu selection
Wodeing TR ———— =ty )|
fd e —— = = = Twom [
ssaom i i srms [
Err—_ ’
el IETERT ety
s ion e e i e e T
m o Z [onm] HEnl
| )
e
& 1000my L3
=
sot o o appomi]
Figure 95. Modeling
1. Select data
If your pro ject has multiple EIS data set, From the left -upper list box, select the

data that you want to fit.

(1) ktul -
(2) ktu2
(3) ktu3

(5) ktus
(6) ktué

-

=la)¢

Figure 96. Data selection

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

2. Search Model

When you are uncertain as to w hich model best fits the data, click search
model button . You can quickly and easily search available models that best fit the
data. See OAutomatic Model Search 0 for details. This step may be skipped.

43



3. Select Model

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

a) From Model editor

b)

<)

=
Select Model button in order to select an equivalent circuit to be

Click

applied to the data. See fiEquivalen t Circuit Model editor o 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

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

i

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

Figure 97. Symbol input box

Missing Element Unbalanced Right Parenthesis Missing Right Parenthesis

Figure 98. Error message box
See fiEquivalent Circuit Model editor o for details

Select Model in combo box.

You can select model list on combo box. The listed models are from libraries .
SNy
Ls-Rs-R|Q ~
Q1|R1-Q2|(R2-C1|R3) |

Rs-(L1-RIIR|C
Rs-(R1-L1)|({R2IC1)-(R3|C2))

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

Rs-RIQ
Rs-RIQ-W i

Figure 99. Model selecting combo box

4. Datas equence and Weight

Select an data sequence and a weighting method.

a) Data sequence

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

Weighting Factor
Bisquare
[ ————— A |
is-(R1-L1)|((R2|C1) mag
Z: Mag & Phase |
E————| Z M
ree MName W 9 Ij
7 s Z: Phase
7 R ¥: Real & Imag
7 u ¥: Real
7R ¥: Imag £
7 a ¥: Mag & Phase
FIREE ¥: Mag
7 c2 ¥: Phase
M Real & Imag N
M: Real E
M: Imag
M: Mag & Phase
4) ktua M: Mag
‘unction Evaluated M: Phase
teduced Chi-sgr = .
{ square = -0.2651 E: Real & Imag
Jegree of Freedom|  E Rezl 2

Figure 100. 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

b) Weighting  Factor

You can select weight factor on fitting process.
Default is modulus  to data.

Weighting Factor |Modulus to Data EH

Bizquare Unity
ts-(R1-L1)|((R2|C1) Proporticnal to Data
+ Medulus to Data ]

Figure 101. Weighting factor

5. Model Parameters

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

-

Figure 102. 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 plot display(fitting curve) will be
changed following this value.
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Export Data to Clipboard

Figure 103. Parameter input result

6. Initial guessing

[=]2]

There are 3 initial gues  sing method.
a) Direct parameter value input

b) Simple circular initial  guessing

c) Genetic analysis initial  guessing

For details See fiAutomatic Model Search 0
7. Fit Data

1
Click Fit Data one round minimize or 10 round minimize Lt to fit model

parameters to the model. You can do series fitting when you check on AALLO D"’"”.
Then 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 p arameters 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 & edit items

+ ZMAN - Edit Items

Item List
(1) ktul - 1st Control Parameter
@
(3) ktu3
(4) ktud 2nd Control Parameter
(5) ktus
{6) ktue
- 3rd Control Parameter
Rensrme
[t4) ktua |
o

Figure 104. File location order change
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Note: If you use series fitting using check on ‘E"”, Fitting process will use

1St

data & model with its parameter setting in fixed or free for all other

data sets even if you sele cted other model for other data set

In ErrorGraph, §Z and gPhase is calculated by the fol

Residual of |Z] [%]

Z oo ; :
pZ dB]=1 20|ogﬂw‘ﬂ and PP h gdede= (ZpgrinedT ULZ [

ZraW
4- -4
1] Residue of |2] m "
2] ta|Phase T -
2 ‘ N
i E— r1TTT.._‘“““_..erHTTTTHHHH . l_l. ] o g
500m- -lo
od 11 l ‘-THHT-_ __.rrTI I 1 g
s00m- Il LI IHHIH l 2@%
- .
-
- -5
- -6
o1 o fk T T .

Frequency THz]

Figure 105. Error graph

vinas s Oumne

Figure 106. Model fitting result

You can view the equivalent circuit model by
Left bottom side information is fittindxtheesul t.
parameter in model by check out f@AFreedo section

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. | f 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

b)

ZMAN will fitt he parameter value within positive value. If you set this one, free
mark will be [

All value including negative acceptable

ZMAN will fit the parameter value with all value . If you set this one, free mark
willbe ¥,
If parameter was fixed free mark will be

| owi
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You can set all parameter as positive value only or all parameter by cliking

right mouse button on fiFree 0 characters then following pop up menu will
appear.
Frpp A - ] -

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

[
[
[ Copy to Clipboard

Figure 107. Free option pop up menu

You can change free status per parameter by click this mark the n mark will be
changed by every clicking. ¥ @> >

If you select copy to clipboard, each parameter & setting information will copied
to clipboard as;

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

Flamrmd Timma M

Export Data to Clipboard

Figure 108. Fitting history information

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

Simple circular
M1
Functi on Evaluated
Reduced Chi -sqgr = 0.530671
R square = -0.038813
Degree of Freedom = 113

Initial Guessed - Circular Fit
Elapsed Time = 0 ms

Genetic analysis
M1
Function Evaluated
Reduced Chi -sqgr = 0.075619
R square = 0.963088
Degree of Freedom = 113

Init ial Guessed by Genetic Analysis
Fitness(Chi -sqr) = 0.075619



Number of Populations = 100
Number of Generations = 175
Elapsed Time = 13135 ms

b) Fitting log

Successful fitting result
@1
3rd: Successfully Finished - 1 Rounds
Number of Function Calls = 56
Reduced Chi -sqgr = 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 -sgr = 0.000316

R square = 0.999799

Singular Matrix result
@M1
Singular Matr ix - Fix Qa2 - 1 Rounds
Number of Function Calls = 184
Reduced Chi -sqgr = 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 Walue Error -
W Qys 3.69u -
@ Qas 821.837m -
W R 26.129k -
m C 185.634p -
m Qv 6.751u -
@ Qa1 261.929m -
m Qy2 1.194m -
@ Qa2 2220453 -
1 -~
Singular Matrix - Fix Qa2 - 1 Rounds  [£]
Mumber of Function Calls = 184

Figure 109. Singular matrix result

I'n this case, you must FIX by clicking parameter which log informed and
do fitting again.
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Free MName Value Error -
Qys 8.824u 64.171m
Qas 814.867m 1.391k

R 26.129k 1.828P

C 177.627p 1.055u
Qyl 1131u  185.281m
Qal 375.987m 10.71k
Qy2 1.241m 2.877TM
[ Qa2 2220453 -
11 -
3rd: Successfully Finished - 1 Rounds  [5]
Number of Function Calls = 60 o

Figure 110. Fitting result after fixing parameter

11. Export Data to clipboard

_ |Expurt Data to Clipboard | _ _
Click to copy best-fitted parameters or data to clipboard

then followini; mes saie box will aEEear.

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

[ Parameters J [ Data ]

Figure 111. 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. Circular fitting

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

+ ZMAN - zahan

Eile Plot | Analysis Tocls Help
Project KK Consistency...
Modeling...

Circular Fit...

Medel Subtraction...

Figure 112. Circular fit menu

When you selected Circular fit function, circular fit menu will show with 1 st 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.
Active lt’em Initial Guessed Report Data Nyquist Bode Residual Result
[y kw1 =

Weighting Factor|Modulus to Data =] ook signal

Bisquare Mon
[ReRi2 2| -
Free Name  value Emor - S 4ok
B[R | s i S +
Qy 221.907p - 20k
Qa 940.868m -

10k

i
0 Bk a0k 60k 80k 100k

. Zre [Ohm] -gm

Figure 113. Circular fit menu

1. Datafile selection

Select data file for circular fitting on Active item
¥ Circular Modeling *

Active Item Initial

(1) ktul

(2) ktuz
(3) ktu3
(4) ktua
(5) ktus
(6) ktué

[Rs-RIQ =]

Figure 114. Data file selection

ml

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



2. Data range setting for circular fitting

* Circular Modeling *

i Myquist
Active Item Initial Guessed | Report | Data Iy Bode | Residual Result
(1) ktul -
85.69k-
X_Center = 37.852KOhm Best Fitte] -u
1 k- |
80k-liy_Center = -3.26kohm ) —
Radius - 35.149k0hm cirular ftted [7]
Data Sequence | Z: Real & Imag  [v 70k-liAngle = -5.322deg Trace l:l
Weighting Factor | Modulus to Data [+ 50k~ Signal I:l
Bisquare [@lon
50k-|
Rs-RIQ hd —
E
Free Name Value Error - é 40k~
R 2.855k E Ly PR
R 69.994k - N et v e Ty r
0
Qy 221.907p - 20k-] P.“ - ':°D .
Qa 940.868m - & o
10k-|j & '%-
.
o-f
i
10k T T T
0 20k 40k 60k 80k 100k
Zre [Ohm] -ﬂﬂl

Figure 115. Before range setting

Move left (violet ) & right (olive) cursor bar into circle region

dragging the cursor bar.

+ Circular Modeling *

Active fem Initial Guessed | Report | Data | Myaquist | Bode | Residual | Result
(1) ktul -
85.69k
1| 10 ,
Data Sequence | Z: Real & Imag |» 70k
Weighting Factor| Modulus to Data [+ 50k
Bisquare Flon
S0k
Rs-RIQ hd —
E
Free Name Value Error - é 40k
Rs 2.855k E o—b—p
R 69.904k - 530k A R
o o
Qy 221.907p - 20k o o2y
Qa 940.868m - 5 o5,
1ckf_§? '-!
- i
-10k— T T T T i
o 20k 40k 60k 80k 100k
Zre [Ohm] -ﬂﬂl

Cancel

Figure 116. After range setting

Data points col or outside of range bar will be change to grey.

points will be used in calculation for circular fitting.

3. Graph pop up menu

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

1
Initialize Cursors

Wiolet Cursor 3
Clive Cursor 3

Rescale to Show All
Matching Scales

Export Image to Clipboard

Figure 117. Graph pc->p up menu

If you did not  analyse selected data before, data range will be show all range.
i WR L2 TR N\ U E=Em

by clicking and

Blue colored data



a) Initialize

This will relocate two

b) Violet cursor

cursors

cursor bar to initial position.
/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

d) Matching scales

Adjusting Nyquist plot X, Y axis

4. Circular Init ial

guessing

with same scale

After setting data range by moving cursor bars.

If you click the circular
done with new setting data range.

Active Ttem
[0 kw1 =

1 |Me
Data Sequence |Z: Real & Imag  [=|
\Weighting Factor | Modulus to Data [~

Bisquare Fon
[Rs-Ri2 &=
Free Name Value Error -
Rs -241743 -
R 72407k
Q 657.74p
Qa 845 56m

Initial Guessed | Rep

Initial guessing icon

ort | Data | Myquist | Bode

Residual | Result

9483k T Center= 35.962k0hm Sest Fitted
Y_Center = -8.953kOhm
80k-| Radius = 37.294kohm Cireulgr Fitted
oy | Anole = 3891deg Trace A
Signal
60k~
SOk
E
& 4ok
E 30k
R
20k
10k~
s A
-10k-| Iy
-20k T T T i T
20k © 20k 40k B0k 80k 100k
reohml

Figure 118. Circular fitting data

range setting

If there are multiple circles and

the circle reﬂion and click guessing icon.

, then circular fitting will be

you wan t to fit other circle, move cursor bar to

Click fitting icon

for 1time or 10 time fitting

e intial Guessed | Report | Data | Nyauit | dode | Resicual | Resut
(1) Iron data2
(=] (2= B R i e
1 Radius = 101.18mOhm 7~
Data Sequence |Z Real & Imag = spom-| Angle - -7.970deg Thae S
Weghiing Fctor Modls o D [z o |
Bisquare oft -
La = € 500m-|
Fee Name Vel B+ &
¥ Rs T46.906m - E
¥ 36.720m
7 o erissm
] y
som i R .
5 ol gy
oK Cancel
Figure 119. Other circle fitting
5. Circular fitting

min

10
min
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% Gieulas Modeing * _— £

- Inifsl Guessed | Report | Data | Nyaust | dode | Residual | Resut |
1) Iron data2 =
1429
X Centir = 396,006mOhm thed [,
B T 32
12| Radius L 396.03amohm Chrcular Ftted
Data Sequence | Z Real & Imag [ Angle 4 -0.038deg Tgace s
‘Vieighting Factor| Modulus to Data [ N sgnal
Bisquare Fon
Re-RIQ [= £ 800m-|
Free Name  Vaue o - §
W R 25 1527 £ soom
R 792505m  507.855u B
@ 100433u 166,761 i 3
@ 999.692m 1298660 ol
200m-| - %
~50m-| i T
-250m 500m 1 125
Zre [Ohm] -’ﬂ
]

Figure 120. Fitting process

Fitting process is same as described in above modeling. See fi Modeling 0 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—(l&;W)lC

2 circular Modeling *
ctive Data | curve Fit )
(4) 205201 4 =]
251k -
X_Center - 1659kom Betrited |
C N Y- Vcenter = 756.39300m
2k} Radius = 1.834k0hm; Circular Fined
Medel Angle = -25.733deg Trace [
Rs-(-W)Q
Rs-RIC 1.5k ‘Signal I
I Q 1k} 9,.7-"‘”"”—?9&%
I £ *o0a
1 § soof .
: \
' o \
_s00-}
|
1kt B 1
Al
1 A 500 1k 15k 2k 25k 3k 35k 4k
Zre [Ohm)
Data Sequence wieighting Factor R
7 Real &Imag [ ] | Unity =]
-m-am:

Figure 121. Model change

b. Move right(olive) cursor bar to li near region

c. Click fitting icon  for 1time or 10 timeﬁfjtting ‘E

2] Circular Modeling *
Active Data Care it Y
4) 2052014 =
R ) 5T Center - LosakoRm BestFed [,
g | | mnt || w7 Bisquare ¥_Center = -796.3910hm Circubar Ftied
Model 2k Radius - 1834kOhm; Irculss Fith
Angle = -25.733deq T A
Re-(RWIQ [=] e
15k} signal = [
Param_Value Bror  Free 52
TR ca®®
| s 11695 1301 [l . a0 e
- Lot
3 268k |47635 £ -
I S 500
wy [199012v |10.953u 5
o
Qy 7.856u 240.122n ~
Qa | 746475m |4.147m -500 |
-1k
D e M ks s s s i
soo 1k 1Sk 2k 25k sk 3k a4k
Zre [Ohm)
Dits Sequence weighting Factor [ L]
Z-Real & Imag [ Uity

Figure 122. Fitting again

7. Circular fit result

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



4 Circular Modeling * ,—f “" [==)

ctve e | initisl Guessed | Report | Dt | nyquist | Bode | Residual | Resut
(1) Iron dats2 -
(=]l 0
Data Sequence | Z: Real &imag [+] 1
Welghtng Facor Woddus o 0o [x] 2 640000 76528396-6 -2.486768
- 3 512000 122657465 -3.10841
Sisquare Flon 4 203600 1917067E-5 -3.885512
‘ Re-RIQ Ia 5 2995227E-5 -4 856815¢
= 6 467958655 -6.OT0RTIE
mvw :m 7\gl';l:;m 6:7";3’“ = 7 7310775 -7588308F
-799. B B000114 -.0094.
® R 792145m  295534u a 6000178 00118
¥ @ 1002870 72082 10 0.000278 0.0148
¥ Qa 999.798m  55.985u 1 0.000435 00185
12 000067 00231
13 0.00106 -0.0289
14 0.001654 -0.0361
.|

Figure 123. Data list

% circular Modsling * e Y |
e inital Guessed | Report | Data | Nyquist | Bode | Resioual | Result
LT S |
E E (1) Iron data2 -
X Center 0395838
Data S 7 Real & I a ¥.Center -TATI907E-S
=9 X LowerDffset A 77884066
‘Véeighting Facter| Modulus to Data [=] Y
siiquare on _DTes,
o Depressad Angle 010815
L | O ]
|Free  Name Value Emor - Rs -7.994222E-7
¥ ks -790422n  637.333n R 0792145
& Ta2145m 2959300 @ 00001
@ 1002874 72082 @ 0995798
G sa9Tiem  559Eu |

[o ) [Com |
Figure 124. Circular fitting result display

3 Circular Modeling T e
TR Inital Guessed | Report | Data | Nyquist [ Bode [ Residual | Result
) fron data?

(2]l

Data Sequence | Z Real & Imag []
Visighting Factor| Modulus to Data [=]

Blsquare. Won
Rs-RIQ -
Free Neme vake  Emor 4|
@ R 79942n 6373330 [esgram)
@R M1 280 [31d: Successfully Finished - 1 Rounds %
¥ @ 1002870 720820 |Number of Function Calls = 91
¥ Q@ 999.798m 55985y Reduced Chi-sqr = 13933897 ]
R square = 0.999987
Degree of Freedom = 62
Elapsed Time = 53
2nd; Successhully Finished - 1 Rounds.
| Number of Function Calls = 85
Reduced Chi-sar = 1476417E-7
i R square = 0999987 L
e

Figure 125. Circular fit report display

% Crcular Modeling + e T |

XCenter Y.Conter

Data Sequence KlowerOfset XUpperOffset
Weightng Factor| Modulus to Data [x] ~477885uChm 791 681mChm
o on Diameter

Angle

Depressed
791.686mOAm -0.010815 deg

o] (menctal |

Figure 126. Initial guessing data



3 Circular Modeling W e ==
lafemtyy

e [ tnmial Guessed | Report | Data | nyquist | Bode | Residual
(1) ron data2 =l
idue of 2] [4]
B[5H [ ———
Data Sequence | Z: Real &Imag [w] “ [
Weighting Factor| Modulus to Data [
‘ Bisquare [¥ion
| [Rs-RIQ [~
‘ Free Name Vaue  Emor |

7994220 6373330
792145m 295934y

100287u 720820
999798m 55985y

Residual of 7} [5]

|

Figure 127. Residual

% Circular Modeling * — — ﬁ-
Active tem Inisl Guessed | Regont | Dats | Nyqust | Booe | Resicual | Resut |
(1) Tren datad E

Dats Sequence | Real &imag [=]
Welghting Factor| Modubus to Data [w]
Bisquare. won
Re8i0 [=1 £
Fee Name  vae oo » £ 100m
¥ R 792 637333 E

@ R 792145m 295 934u
- 1002874 720820
¥ Q2 9997%8m  55985u

e
wou dom 1 10 1k W
Frequency [Hz] HHEw
ok Cancel |

Figure 128. Bode plot overlay with result

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

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

s0a0m

saom
saon
sz
o
a0,
200,
s00m
saom
L zmom
£ o
K Woom:
a0
soom]
w0m
waomd *

s orren,

sa0m, Py "
anom:

om0 snoom 15000m ‘Zsabom 35000m asnbom

sso0m. ss00m 7sa0om ssabom wsobom 100 105
= gkt

Figure 129. Raw data + circular fitted data in Nyquist plot after circular fitting

8. Circular fit result for Modeling

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

If there is 3 circles on Nyquist plot, you can do circular fit for 1 st circle and can
use this result for other 2 circle & fitting datain M odeling.
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+ Circular Modeling *

Nyquist
Active Hem Initial Guessed Report Data Iyq Bode Residual Result
[ 1) 1ron data2 =]
200m- _
5,§en: = Belt Fitted
B in] en
i || g 350 Radius cifgular Fitted
ot secuence e e [
Weighting Factor|Medulus to Data [+] 300m- sidnal -
Bisquare Dot 250m-]
[Rs-RIQ =] .
E 200m-
Free Name  Value Eor « 5
O ks 222.0453 - £ 150m-]
R 793751m  1074m ]
Qy 102629y 783.784n 100m- s
Qa 997.786m  71558u
50m
o I
m-y T T T 0 T
-250m 250m  S00m  7Om 1 125
Zre [Ohm] BEew
Figure 130. 1st circles circular fit

After circular fit finished, click OK button and enter Modeling menu.

You can find same fitting result value was tranferred to Modeling.

=afe
BEIEE

)

Data Sequence | Z-Real & Imag |+
Wieighting Factor |Moduus 1 Data [+
Enquare ot

£xport Data 1 Cliptaard

400.0m -

300.0m-

Z b
-
g

sesimes [7,]

1000m-;

ik P -t
HE®

ok Canesl

Figure 131.

You can input adding Symbols

i

Rs-RIQER

Free Mame Walue
[T Rs 2220453
R 793.751m
Qy 102.62%u
Qa 9a7 . 786m
Figure 132.

Error

LO074m
783.784n
715.5%u

Y

Circular fitting result transferred to Modeling

to current

Input Adding Symbols for new model to fit

circuit formula.

After input adding symbols and press enter key, then adding symbol(parameter)
list will displayed.
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Rs-R|Q-R1|Q1-R2|Q2

Free MName Walue Error -
Rs 2220453 -
R 793.751m -
Qy 102.62%u -
Qa 997.786m -
R1 100 -
Qyl 1u -
Qal 200m -
R2 100 -
Qy2 1u -
Qaz 200m -

Figure 133. Added parameter list

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

Free MName Walue Error -
[ Rs 2220453 -
0 R 793.751m -
F Qy 102.629u -
[ Qs 997 7BEm -
R1 100 -
Qyl 1u -
Qal 800m -
R2 100 -
Qy2 1u -
Qa2 800m -

Figure 134. Fixed parameter s from circular fit

Click simple ci rcular initial guessing or genetic analysis initial guessing to
set added parameters initial value.
1 10
H

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

% Modeling *

400.0m -
350.0m-| ’ ¢
= [
300.0m-
® ]
£ 250.0m-| R
G 2000m- i * B
L Naspomd it ©
] ;
g | 7] ]l 100.0m- * LR
o Tero® 0w,
Data Sequence  |Z: Real &Imag [~/ 50.0m-# "V,
Weighting Factor |Modulus to Data [+ ]| - .-\
| T T T T T T T T !
EIS30ED lon 00 1000m 2000m 300.0m 4000m 500.0m 600.0m 700.0m 800.0m 900.0m 10 11
Re-RIQ-R1/Q1-R2IQ2 EI Z [ohm] R -
B |2
Free Name  Value error | ||l
0 Rs 2220453 -
100 0.0
AR 793.751m S, izl ]
0 o 102.620u - B
B aa 997.736m - b 4 200
R1 138772m  453.389u L0freenennrennnne ettt b e = Hhasy [ ]
oyt 34206m  690.421u E o, -Bestrited [".] |30
Qa1 1043 3676m ] RRER) -
R2 103.064m  564.766u i 400 &
7 100.0m - 5 s
ay2 395 40.027m E 5 -s00 g
Qa2 987.186m  5.523m ] 3,
> ] --60.0
(1) Iron data2 N 100m oo
3rd: Successfully Finished - 1 Rounds  [5] B
Number of Functicn Calls = 55 - 00
Reduced Chi-sqr = 3.236558E-6
R square = 0999994 B e 8 T
Degree of Freedom = 180 im 10m  100m 1 10 100 1k 0k 100k ™M
Elzpsed Time = 836 ms . Freq [Hz] R

Figure 135. 1st Fitting result

Check free for parameters from circular fitting and click fitting button again.
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¥ Modeling *

400.0m:
350.0m
3000m
. 2500m
£
S, 2000m
" 1500m
. " 100.0m S
M Aeotte, .
Data Sequence | Z: Real & 1mag [~ s0om-f -v.
Weighting Factor |Modulus to Data [x] a “\
EErre @lon 00 1000m 2000m 3000m 4000m 5000m 600Om 7000m 800.0m 9000m 10 11
Rs-RIQ-R1|QL-R2|Q2 H 7 [ohm] HiEw
Free Neme  Value Eor -
[ Rs 2220453 - o
R 787.42m 1691u o [
3 100320 243.47p sestFiteg | [ 7L 100
Qa 999.961m  34177n Lo
R1 147.3m 27740 B L LU TT I SRRt Phase ]
Qyt 38.386m 29220 F 1o, ~Bestitted ([T, ] | 300
Qa1 1 1633 1
R2 100.688: 2005 1 -400 &
" Y I 100.0m4]
2 4104 153536u E 5 . -500 2
Qa2 999.967m  20.000u 1 T &
- 1 . --60.0
(1) Iron data2 N 10.0m R
2nd: Successfully Finished - 1 Rounds (2] E
Number of Function Calls = 60 1
Reduced Chi-sqr = 1.770093E-10
R square = 1 LOM s T A
Degree of Freedom = 177 im 10m  100m 1 10 100 1k
Elapsed Time = 344 ms . Freq [Hz)
Export Data to Clipboard

Figure 136. Final fitting result.

D. Manipulate element or Model

If you want to add or sub tract element/circuit model from data, select Manipulation
data model. You can select Add or subtra ct

=
If you select element or model in combo box or from model editor by clicking .

and input the value for ma nipulation , you can select subtraction or Add ition of this
value.
You can input Model symbol directly but if there is such model in library, i nput is not
available. You must make same rgodel in model editor before doing this.

S, 2004

Operator | Subtraction [=] R
1504

=]

FY

Figure 137. Select element or model for manipulation

1. Element subtract ion/Addition

If you want 6kOhm resistor from data, select R for element and input 6kOhm then
origianl data and  subtract ed data will be displayed as overlayed.
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tatem [7.]
9.0k- d Term .
8.0k Reslt  [7,]
7.0k
g 6]
5 ok
Operator|subtiaction (=] B¢ g |
R = 3.0k /
Name Vil - N e
ok . r v
1.0k
6ok a0k 20k 0D 20k 4Dk 60k B0k 100k 120k 140k
z [ohm B

1000k

1st Mag

2nd Mag

w 2n phs

401

Refult Mag [7, '

& 100k - ‘-.___h Retult Phs [~/ s
. —— E

Figure 138. Manipulation result  display

If you click Add & close, you can see the original data and the manipulated data at

same time on the graeh menu as the follows

Figure 139. Overlay ( original data and manipulated data)

Manipulated data will be new data named adding fi_10 at end of original file name.

So this manipulate d data can be used for fitting etc independently.

(1) 1.30°C |E|
(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 w ill remain.
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@130C1

Operator | subtra

12,0k
wseTem [ ,]
10,0k ndTerm [7.]
Result  [7,]
8.0k-|
v E 60k
&
ction =] Ry 40k
- .
2.0k
Name Value - /
oY 184u 2 Y
575.78m R
-2.0k: T T T T g g
00 20k 40k 6.0k 8.0k 100k 120k 140k

7' [ohm]

15t Mag
16t Phe
2nd Mag

(Bap] aseua

o, 0o S
Freq [Hz]

Figure 140.

Q subtract ion

20

Figure 141.

2. Model

ad sook

foh

ook 1100k

Q subtract ed result (red line)

Subtract ion /Addition

You can subtract or add model. For example
line will remain.

Operator [subtraction |+

100k
N wseTem [ ,]
2y 2ndTem [
8.0k Result  [7,]
7.0k <
- 6.0k-| .
S 5.0k .
B 20k .
= 3.0k~ /
Name Value -
662.807p 202 ~
863.227m 1.0k-|
5605k 00
00 20c 40k 6.0k 80k 100k 120k 1aok
Z' [ohm] Bl
100.0K 00
wthag [L] o
1st Phs. 0
100kg—5 diege.d T 50
g H T Dhs
Resul
B 10kg w‘t
10003
100 |

g g, s
Freq [Hz] e

If you subtract Q1|R1 model, straight

Figure 142.

Q1|R1 subtract ion

61



[Ohm]

Figure 143. Q1|R1 subtract ed result (red line)

.0k-|
&5k-|
8.0k-|
75|
7.0k
6.5k-|
6.0k-|
5.5k
5.0k

45|

EEEr |
@1wes (7

760k
z ohm)

12,00k

1300k 1400k
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Chapter 7

You can use this menu on intro menu or tool

|3 ZMAN - ailaid =
Eile FElot  Analysis

Project

Options

Refresh on Startup

Figure 144. Model editor menu

Equivalent

-Model editor.

Circuit Model Editor

When you select this function, you can see independent window as the follow.

=

% Model Editor
Fle Category Mlodel

lEoEe
Category | CONDUCTING_POLYMER
[ ——

1

>

<

General | parameters | Formula | Evaluation

Alias Untitled!

symbol  [Rs-RIC

Note

.
I 1

Figure 145. Equivalent Circuit Model Editor

A. Model file

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

“ Mode! Editor
Category  Model
Reinitialize Models to Default..

Import Models
Export Models...

Close Crl+Q

Figure 146. 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.

Are you sure?

This action remove all models and reinitialize models to default.

Figure 147. Confirmation of initialize

2. Import  Models

model file

If you want import model/category from backup file,
or other person & model file which he/she made using

current model file.

ZMAN old version model file
ZMAN, you ca n import it into
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82 valid models are found. Do you want to add/replace them?

Figure 148. Model Importing

3. Export Models

Using this function, you can backup current model file including model/category
information. Default file name format is
minute -second ).models 0

Categor y Menu

There are several predefined

14 Model ditor s

Fle Category Model

&30 (&l

Category | CONDUCTING POLYMER =
BASIC
SIMPLE

BATTERY _SUPERCAP
 CONDUCTING_POLYMER
CORROSION_COATING
L | EcHEM
Generall  FUEL CELL
METAL ELECTRODE
Alizs OMDE
SEMICONDUCTOR|SOLARCELL
SENSOR
USER_MODEL

Symbol

fiBackup( today & year -mnth -day -hour -

category for each application & 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.

Note

(5N

Figure 149. Predefined categories

% Model Editor

File NeEIERERE Model
New.

Delete

Merge...
Duplicate
Rename...

Export List of Models to Clipboard

Figure 150. Category Menu

1. New catego ry

“ New Category/Model

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

Category

Model  [Rs-RIC B

—um (S}

F

Figure 151. New category /model
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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 de lete category, you must select category which you want to delete as the
following window.

% Model Editor
file Category Model |

Bl2)z/T(Ele)

BASIC
SIMPLE

BATIERY_SUPERCAP
CONDUCTING POLYMER
CORROSION_COATING
ECHEM

al  FuEL CELL

METAL ELECTRODE

MDE
SEMICONDUCTOR|SOLARCELL
SENSOR

 TESTL
USER_MODEL

Figure 152. Delete category

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

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

Figure 153. Delete confirmation  box .

If the category has just one mo del, you can delete model then its category will be
deleted.

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 ca tegories will move to new category
named TEST _total.

4 Merge Catagories ]
Available New Category
CONDUCTING_POL
CORROSION_COAT, Selected

ECHEM
FUEL CELL |
METAL ELECTRODE |~ | $ ‘
OXIDE G

SEMICONDUCTOR]!

SENSOR <
TESTL | Y |

Figure 154. Merge Menu




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

.

Please note that selected categories will be removed frem the medel list.

Figure 155. 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. Exportlist  of models to clipboard

You ca n 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 applicati on.

% Model Editor

File Category BN
New..
Add Models..

Copy

2s-RIC paste
RICIQ1Q2 Delete

Simulate

Apply Values to Non-Basic

Figure 2. Model Menu

1. New
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.
% New Category/Modal ===
Category i39I

FUEL CELL

METAL ELECTRODE
OXIDE
SEMICONDUCTOR & SOLAR CELL H

Alias

Model
SENSOR

USER -

@ Duplicate Symbol

@ cror

==
Figure 156. New Model/Category  Menu
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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 ==

Category |TESTL [=]
Alias
Model
@ Duplicate Symbol
@cror

If you selected Category, input the model following Model editor rule described in
fimodel design rule 0

the following

-7 7_

Cdl

— = — -

If you want to make above equivalent circuit model, type

4 New Category/Model

Model input. And entefgkey or click other part.

Category | TESTL
Alias

Model | Rs-Cdl|(R1-W)

@ buplicate symbol

@ crror

oK

[=

If there is no error, the following window will be displayed.

fiRs-CdI|(R1 -W) 0 on
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%+ MNew Category/Model L @-

Category | TESTL [=]

Alas | |

Model | Rs-CdI|(R1-W)

If you click OK button, this model will be saved in TEST1 catego
If there is an error in Mogl

ry.
description, the following error will be displayed.

4 New Category/Model

Category | TESTL [=]

Alas | |

Model  |Rs-RIC

@ Duplicate Symbol

@ crror

e
Figure 157. Duplicated Model

If

% Mew Category/Model

there is same model inﬂgs}rget category, the above error will be happened.

Category | TESTL [=]

Alias ‘ ‘

Model

@ Duplicate Symbol
| @

Missing Element

o)

Figure 158. Missing element

If element is missing on the above model, the above er

ror will be  happened .
% New Category/Model j— =)
Category | CONCRETE [=]

Alias | |

Model  |Rs-(RI]

@ Duplicats Symbol
@ error

Missing Right Parenthesis

o Lo
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Figure 159. Missing R

ight Parenthesis

% Mew Category/Model _

Need Right Parenthesis t&omplete the formula.

Category | TESTL [=]
Alias | ‘
Model | Re-CdllRL-W)) ~
@ Duplicate Symbal
|| @ Emor
Unbalanced Right Parenthesis ~
Cal

Figure 160. 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

did fExport list of Models to clipboard

% Symbols to Add

Qs-RICIQ1IQ2
RLIC1-R2[C2-R3(C3
R1[C1|(R2-C2)
Rs-R1IC1-(R2-W)|C2
Rs-R1|C1-R2|C2-R3-W)IC3
Rs-RL|C1[(R2-W)
Rs-R1[QL-R2/Q2

Re-RIC

|
RiclQ1ied

Co ]

Figure 161. Symbols t

0 add

must select category at first.
= =X

model list if you

0 on category menu. Before this action, you

After typing or paste symbol list as the above, click OK button then following box

will appear. If valid m

odel 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-R|IC|QLIQ2

R1C1|(R2-C2)
R RLCL A2 Wl

RsRLCLRIC2
Rs-RL|CL|R2-W)
R

RLGT R2G2
1

Q

ReRIC
RICIQLIQ2

=]

Figure 162. Model check for symbol  to add
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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/Crea te

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.
a) Model Edit

Wode! Edtor o]

Fle Category Model

1) (&[] O] &
Categery [BATTERY & SUPERCAPACITCR =]
Rs-QIR1|(01-R2)|(L1-R3)L2-R4)|(Q2-RS)
Re-R1|Q1-R2|Q2
Rs-R1|Q1-R2|Q2-R3|Q3-RAIQ4

rone

General Parameters Formula Evaluation

Allas

symbol  [Rs-RLICL-R2-W)IC2

Nete

o [ -

You can input some information in Alias by typing.(It may be used as comment

for applicatio n). Also you can input the information in Note field. If you double
click on Note field, New memo window will be displayed.

¥ PATTERY & SUPERCAPACTTON] s RIICLA2-w)c2 i

ana |
Figure 163. Memo input window .

b) Model create

If you want to create new model using current model modification, ZMAN  will
recognize itasn ew model.

Eg) If you want add C3 as serial connection, then type f C30 end of formula.




WMadel Editor ]

e Category  Model

(][] ()] O [=]e)

Category |BATTERY & SUPERCAPACITOR =]
-R3)L2-R4)(Q2-AS5)

Rs-RLIQ1-R2
Re-RLQL-R2IG2-RAIQ3-R4(Q4
Rs-RIC

Genersd | parameters | Formula | Evalustion
Allas

symbal | Rs-R1CL-R2-WIC2-CY

Note

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

3 New Category/Model = .

Category | BATTERY & SUPERCAPACITOR

Model [Rs-RIICI-(R2-WIC2-C3

.

But if there is any error, the following err or message will appear.

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, referto  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 ASCIl ¢ haracters (0 to 9, a to z, and A to Z) next to symbols such
as R1, R2, and Rs.

Those 4 operators are

- Seri al Operator.-CFomeanxsamapl eesfiRtor is serialdl

y
capacitor. A+0 operator cfanomerratserd i nstead of A
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