Z l V I_/\B ZIVE Application Notell: Batch function

EIS measurement after each multiple charging/discharging cycles

Purpose

This test is to demonstrate coin cell battery’s charging/discharging cycle with EIS measurement. If you want measure eis after
multiple charging/discharging cycles, you can use batch function to do it.

You can make technique file for CC/CV cycle test using CC/CV test or CC/CC test in technique menu and prepare EIS test technique
file.

This demonstration’s test condition is;

Constant current charging: 20 mA

Constant voltage charging: 4.2V

Constant current discharging: 20mA

EIS measurement per 3 charging/discharge cycles

Total 30 cycle charging discharging and 10 times PEIS measurement
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EIS measurement at each capacity interval
® |Initial frequency: 1MHz

®  Final frequency: 0.1Hz

® Amplitude: 5SmV
[ ]

Points per decade: 10

Preparation

®  ZIVE SP/MP electrochemical workstation
® 4.2V Liion Coin cell

® Coin Cell holder

Cell Connection

+ electrode(Green lead & Blue lead)
- electrode(White lead & Red lead)



Procedure

1.
2.

Turn the Power switch on the ZIVE SP/MP electrochemical workstation

Open the SM software by clicking the SM icon. The following progress box will appear, and will show the progress of checking instrument
configuration and communication between ZIVE SP/MP electrochemical workstation and PC.

S M 1 device found,

B Show detais
ZIVE® Smart Manager™
3,1,0,0

ZIVE LAB

If the link is successfully connected, Click “OK” button on the box then the progress box will automatically disappear and SM software
will appear. If the link failed, The following progress box will display then click the “Retry” button.

S M Not found.

mart Manager™

ZIVE LAB

If the link failed again after clicking “Retry” button, you need to check USB cable connection.



3. CC/CV cycle test technique file: Click New technique function icon
Then you can see the following menu

& Techniques - [Untitled] - - =] X
¥ Basc ¥ EIS [ Energy ¥ Comosion ¥ Echem * Technique - CG/CV test
Parameters | Information |
TTEM VALE Option
First action Charge | I choch
Const, voltage(y) | 200020
-Charging time(s) | 1:40 I Enable
mitcurrent(s) | 15m Cirrent
Linitcapaoty(aH) | 16.000e-3 I Erable
Rest tine(s) z ¥ Enable
Discharge
wm 20.000e-3 Current
Discharging tine(s) | 1:90 I Enable
Limit current(a) 10.000e-3 Disable
WW} 0.0000e+0 [~ Enable
Rest tme(s) 10 ¥ Enable
Cyde 3
Time(s) 10 [¥ Enable
Delta voltage. 5.00008-3 ¥ Enable
Delta current 200.00=6 ¥ Enable
1R Measure. ™ on
L IRange(a) 14 - ¥ auto

4. Click “Save” button to save the technique file which contains the above parameter and save it as “cccvtest1” file name.

5.  PEIS technique file: Click New technique function icon

Then you can see the following menu
| Techniques - [Untitled] -

- S .
Technique - Potentiostatic EIS Open

Parameters | Information |

W Basic W EIS [ Energy ¥ Comosion  Echem

ITEM VALUE " Option 2 Save |
TInitial delay ¥ Enable
“Duration(s) e
~Stabilty (V/s) 00005 =

B
‘Bias patential(V) 0.0000e+0 Eoc = Apply to CH |
[

Ampliaude(V) Homoe s
Initial req. (He) 1.0000e+6
Middie freq(Hz) 1.00008 +6
Final freq. (He) 100.00e-3

Sweep type. Log -
e T
Tteration b
Tnit, TRange(8) 1A | oo
Speed Normal %

6. Click “Save” button to save the technique file which contains the above parameter and save it as “peistest1” file name.



7. Select batch editor
B swarT Manager - Single Channel Virtual control pi
System(s) | Experiment(E) Control Panel(C) Grapt

% \“\: Sequence File Editor(S) »
Technigques (T)

Batch File Editor(B)
,:rj—.

8. Click “Add” button and select “cccvtestl.ccv” and “peistestl.pei” file

{7} Batch schedule - Untitled zbt - - hd
Open Batch File ] Save ] Save as ] Apply to Channel ] I Add ]I Insert[Dn]] Insert[UpJI Delete ] Close ]
Setting Loop Schedule File(s)
Index
Enable | Count Next LoopEnd  |Chg File Name

1 1 Next i‘ Next | .. |Cifzve Data/sM/scheduie/cccvtestL.COV
2 -

r 1 Next Next j ... |C:fZive Data/SM6/schedule/peistest1.PET

9. Click Enable for index2 to edit cycling of this batch process and input “10” for count. Select “index1” for next column.

ﬁ_j Batch schedule - Untitled.zbt

| openBatchFile || Save || Saveas | | ApplytoChannel | | Add | [Insert[Dr
Setting Loop =
Index
Enable Count Mext LoopEnd |Chg
1 Mext - | .. | CifZive DatafSMafschedulefooovtest 1. CCV

Mext j v | CifZive Data/SMaschedulepeistest 1. PET

10. Click “Save” button to save this batch file using “test1” batch file name

11. Select testl.zbt file by clicking “assign schedule file” icon
FURLLV ] DU AL A LT, AUy CAM. RULLIIL

5979 | 9.073m | 0000 | 0.0
T

W czive datatsmetscheduletttestl.zbt

To start experiment, click Start buttonE

12. After click start button, you can see the following box.

[ start test configuration ol
SM ‘ CHZIVE DATAWSM
Fie name [
Startfie  [Fle-l =] Startstep [step-1 | I~ current polarty

Active area(cm™2) [1.000000 Capacity(mAHr) [1.000000  Welght(g) [1.000000

Tester ( Next ine : CTRLYENTER )
Memo
™ Not save file oK Cancel

You can see real time plot as the following.
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13. Youcan dlsplay graphlc or data editor by clicking right mouse on data file name

Data file name 174408 n1 |
3 B OpenDC Graph

File size

DI On/Off 0 ﬁ Open EIS Graph
Booster N Open CYCLE Graph
Feedback u Open data editor

14. You can CC/CV charging-CC discharging profile when you select Open DC graph

—20m [ Legend ]
42 | - -+ EFBRREBRRERBERHE 104623_01[Eref]
104623_01[1]
—15m
—10m
3.8
—5m
3.6
. | |
5 (M = =
B |
—-5m
3.2+
—-10m
3
2.8 —-15m
e ""I—-ZDm
0:00:00,00001 4:48:00,00001 9:36:00,00001 14:24:00.00001

Test time(s)



15.

You can display graphic by clicking button on tool bar
Click “Open data file” icon and select data file which you run the experiment.
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icon or Nyquist plot by clicking ﬁ icon.

T-30 [ Legend ]
104623_01[Log|Z|].2.4
~25 | 104623_01[Z-Phase].2.4
y 104623_01[Log|Z|1.2.7
~3 | 104623_01[z-Phase].2.7
104623_01[Log|z|1.2.10
104623_01[2-Phase].2.10
_yp | 104623 01[log|Z|].2.13
;

104623 _01[Z-Phase]

=5, 104623_01[Log|Z|].2.16
g o 1046220117 Tris
£ sol 8 9
s ¥ X 19
= 5 2 104623 01[Loglzl].2.22
i W 104623_01[Z-Phase]

10

1 [Log|z|].2.25
_45 | 104623 01[ZPhase].2.25
104623_01[log|Z[].2.28
-20 | 104623_01[Z-Phase].2.28
104623_01[Log|z[].2.31

|
s

i
100m 100
log(Frequency)(Hz)

Plot division | -

SM can split each EIS graph by selecting “cycle” in “division”.

You can split data by file, cycle or step. Splitted data set’s color was changed and graph line will be broken

ZMAN will split each EIS data automatically if you insert “cycle” mark..
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[ Legend ]
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104623_01[Dch Q]



Data Analysis

1.

2.

Open “ZMAN” by clicking ZMAN icon. ZMAN program is located c:\program files\zivelab\zman2.2 folder.

E] ¥3: [RsR-C)

| va: [rat®Ric)

=] x:fon

You can see the following window.

Yes

There are 10 EIS Data in "104623_07.wdf"
Do you want to add them to the project?

Mo

¥

|

bivisen |G

Click “Yes” then multiple EIS data will be splitted automatically.
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L B | O vetresh o st =l [ER=l= =] ttem List
Ve . 01.50E CAZive Data\Unfitied2:zmp
Impedance, Z = Empty Cell Cap | |3 Batch Impedance Z Erpty Cell Cap IF
D B < 5 3 ~
o
Frequency [Ha] Z (Ohm] ' [Ohm] tem DX voe
0" 1000000 0559139 0436464 Add ftem 0 tincellpdeis 01.001 1 328742
1 704330 0580035 0344321 1 sincellpdeis 01,002 2 2336031
2 620960 059289 0227759 2 incellpdeis 01003 3 3387964
3 so11%0 0519817 0130748 3 sincellpdeis 01 004 4 3438089
4 208110 0543495 0047305 4 incellpdeis 01005 5 2488018
5 316230 0570845 0024002 5 sincellpdeis 01,006 6 3530281
5 251190 0702283 0085988 6 sincellpdeis 01 007 3 3588223
7 199530 0738408 -0.140654 7 tincellpdeis 01008 H 2638378
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If you do not want to use all EIS data set, Click “No” then you can see select box.

Select Data

Open Data

2nd Data Set
3rd Data Set
4th Data Set
5th Data Set
6th Data Set
Tth Data Set
8th Data Set
Oth Data Set
10th Data Set

1st Data Set ~

X

oK

You can select one EIS data for analysis.




4. Parameter for voltage name can be changed .for example by clicking “edit item” button

< Edit ltems =
Items Control Parameters
First
1 DX
2 charge ipeis_coincell_01_003
3 charge_ipeis_coincell_01_004 Second
4 charge_ipeis_coincell 01_005 Battery Voltagd
5 charge_ipeis_ceincell_01_006
6 charge_ipeis_ceincell_01_007 Third
7 charge_ipeis_coincell_01_003
2 charge ipeis_coincell 01_009
9 charge ipeis_coincell_01_010 v
Rename
charge_ipeis_coincell 01_001 |
oK
5. Change Idx to cycle No.

“ Edit Items »
Items Control Parameters
[ 0]1046230 ~ First

1 104623_01_002 Cycle No
2 104623_01_003
3104623 01_004 Second
4 10462301 005 vDC
5 104623_01_006
6 104623_01_007 Third
7 104623_01_008 IDC
8 10462301 009
9 10462301 010 v
Rename
104623 01_001
oK
e RV T UﬂLﬂ\UIILILICUL.LIIIP
Impedance, Z ~ | Empty Cell Cap. 1F
A B C ~
Item |
Copy
0 zis_coincell_01_001 Paste
1 =is_coincell_01_002
2 sis_coincell_01_003 Copy Table
3 :is_coincell_01_004 Export To Excel
4 =is_coincell_01_005
T - = Select All
3 =is_coincell_01_006 Select Col
. . el Ol
& zis_coincell_01_007 Select R
. . elect Row
7 =is_coincell_01_008
& =is_coincell_01_009 W
<
“+ Set Column Yalue =
Blil =
Cols
(i+1)3;
Ali): ltemn
Functions
abs(x)

From 0 E” To|




Impedance, Z Empty Cell Cap. 1F
A B C
| Item Cycle Mo, VDC
n 0" 104623_01_001 3 3.591088
1 104623_01_002 6 3.534358
2 104623_01_003 9 3.540634
3 104623 _01_004 12 3.582112
4 104623_01_005 15 3.61628
5 104623_01_006 18 3641113
6 104623_01_007 21 3.663592
7 104623_01_008 24 3.674735
] 104623_01_009 27 3.685508
< >

s | e i g [y

6. Click 2D nyquist plot
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You can see “Matching scale” by clicking right button of mouse and select “Matching scale”
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i
5.0- i Show
i
i Remove Bad data
4.0+ :
! Rescale to Show All
i
3.0- | Matching Scales !
! Bring Cursor to Center
2.0+ : Go to Cursor
' Items...
10 : Contents...
i Axis...
0.0~ :
-500.0m ~fmr R e Export Image to Clipboard menme
0.00 2.00 4,00 .00 2.00

Matching scale is X axis scale and Y axis scale on Nyquist graph is same.
You can check each data value by selecting “cursor” with clicking right button of mouse .



You can move the point by dragging the mouse after check cursor icon

Rescale to Show All
Meatching Scales

Brini
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or to Center

Curser
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Anaysi

[e]

S

a.

Select data

Modeling

-

a X
1.0 -
(2) 104623_01_002 ] RawDats " [,
(3) 104623_01_003 wl = ° Best Fitted
(4) 104623_01_004 a
(5) 104623 01_005. 80
(6) 104623 01_006. 7.0-| S
(7) 104623_01_007 = 60 %
il «| E
S 50 .
Q R0 3
. 30-| "
| T B
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[y )
--100 \E—
| &
[--20.0
p
|--30.0
100.0m T T
100m 10
v Freq [Hz]
Export Data to Clipboard oK Cancel
PR ”
Search Model by clicking “search” button
Select Target Categories X
Target Categories
BASIC (12) ~
SIMPLE (5)
BATTERY & SUPERCAPACITOR (84)
BIO (5)
CONCRETE (9) v
[ Remove Duplicates
Parameters
Free but must stay positive w
Initial Guessing
Method None >
Nonlinear Fitting
Data Sequence | 7: Real & Imag v
Weighting Factor |Unity =
Bisquare ot
Do you want to start searching process?
No
Select Battery library and None for Method.
Click Yes buton
ZMAN software will try to find proper equivalent circuit automatically.
Search Model for (1) 104623_01_001 i a x

° Start G Stop

@ rT”? Select

® No Initial Guessing O by Simple Circular O by Genetic Algorithm

Category,

Wodel

Chisqr  #Par
@ BATTERY Ls-Re-Q1[R1-02JiR2-(C1|(R3-03RY) 507366 13
A e P
+ BATTERY Ls-Rs-R1|Q1-R2IQ2-W 1763 ¢
4 BATTERY Q1-RZJQ2-(R3-W)|Q3-C 8BE3 M
@ BATTERY Q1-R2|Q2-R3|Q3-W-C 89E3 10
@ BATTERY Rs-R1|Q1-R2I02-RIQ3-RUCL-W-C 0263 15
@ BATTERY Rs-Qif[Rif-Cal|R1-C1R2)-Q[Rct-Cc 12063 13
@ BATTERY Rs-R1|Q1-R2/Q2-R3{Q3-W-C wE 12
@ BATTERY Rs-QI[RI-Q2R2 WD T
@ BATTERY Rs-RI|Q1-(R2-Q2)/Q3 1443 2
@ BATTERY Rs-Qi[R1-Q2IR2-03(R WEI 0w
T Free Name  Value Eor A
D& | (W s 113497 3066n
| R 21438m 0.2m
R 4761 191483m
ayt 288Im 953652
Deta Sequence E 0 322452 11981m
ZReal&lmag [v| |@ R2 847 2460
Weighting Factor = a2 Aeim | 3387
0 203.601m  14536m
nity ~
3653 14369
Bisquare 1346 315022m
Oott
v

[BATTERY & SUPERCAPACITOR]
Singular Matrix - Fix Rs - 1
Number of Function Calls = 182
Reduced Chi-sqr = 0,00924

Re-R1|Q1-R2IQ2-R3IQ3-RADL-W-C A
H

Qhm]

RawQata [~ ]

°
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[62p] 2seyd
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Degree of Freedom = 127 10 100 1k 10k 100k ™M
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f. Select the simplest model on upper row.

g. Click select button
h. Select sequential to fit other eis data set.

TN . o o e )
i. Click Minimize button, then ZMAN software will fit model automatically.
| Modeling * - =] x
9) 104623_01_009 ~ 120~
Raw Data
Data 7]
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80- .
a
v E 60 *
£ .
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=|a|e 40 .
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1 10 | — = o
‘ I " & mzf!mm\wsuem 20 A
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: T T T T 7 7 i T T
S Closf 40 6.0 80 100 120 140 160 180 200 0 240
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Successfully Finished - 1 Rounds Ie. 5 Saeay,
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R square = 0.999928 1.0-4 i . e i T 4
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j.

| Export Data to Clipboard

X

“ Plot ltems

[tem

(1) 104623_01_001
(2) 104623_01_002
(3) 104623_01_003
4) 104623_01_004

_01_005

(6) 104623_01_006
(7) 104623_01_007
(2) 104623_01_008
(9) 104623 01 009

() Show Only Raw Data
O Show Raw and KK Data

(®) Show Raw and Fitted Data

If you want overlay raw data and fitted data, Plot detail in Plot menu




k. You can see Nyquist or Bode data with fitted data
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3D graph vs. cycle number
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File Plot Analysis Tools Help

Project

30 Plot

Black-Nichols Plot  Parameter Plot

Nyquist Plot Bode Plot
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Black-Nichols Plot ~ Parameter Plot 30 Plot

Bode Plot

Project Nyauist Plot
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m. To view parameter plot, Select Plot-2D parameter

¢ Parameter Plot - Contents

Model Parameters Control Parameters

Ls ~
Rs

Qyl Ovboc
Qal

Qy2
Qa2 v

® Cycle No.

Olnc

| | Cancel |




Select parameter(s) and click apply button
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