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SCIENTIFIC INSTRUMENTS

5 AR UM

SRR (ES) HTFHREBTFERRGTEESOMRE, BT —K 615 WETMHERBHK
RS (Rs)  FER (SE) , SEEBRE (R) AYHUTR (W) WEHER. BSMETRAR
FEXOBTHE, HBR T IER A EUAROPN, 3 ATMEE N TR TN

EO
AR R &R I SORPEHU SR B b # TR I & R R T IR AR

1. R&: P Zahner B AFE TEMER B TRMBHAMIX T8

2. & XAmeREETR, 23EIEERRE51% (WE power) FITENIXERERSIZ%
(WE sense) ZE#ZIEMAIER(+), IEXNBIRLES|% (CE) MSibEEEESIZL (RE) &
BB TAAR(-).

3. EER, & EIS MK 77X EIS potentiostatic 5 EIS galvanostatic f,0nline Display @ OB 2
RGBS E(cell Voltage), KEHEESEHMRE, WRLURE, FAREEEESRIER.
]
| Status
Parameter Value

Cell voltage aT28V

Cell current 0A

Galvanostat off

Online display o] IXSCHY B /R BB FFEREB AL (Cell voltage)
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4,

MXEE: XEFIRMNENRA T EANEE, BEFREMN (EIS potentiostatic) FERILEN
(EIS galvanostatic) BF757E, MM ENIKEREE., EFEBELEN (EIS potentiostatic F77&
i, EREFER\ER, HiT—THINERAEESBEUSENRAER. flIn: REKXKAA
1mQ, M0 5mV BELE, EEERMRSILT 5A, XFFHNERMBE TRNER, WikmR
BT, PEMEYRSTIAEMY BN AR REEmEE M SOC, MXERLEZEME. Fr
MUAT %4, HEMmPRBEIETE/NE, FlEnE 100mQ T, BIERERE EIS /5% (EIS
galvanostatic) . —fENREMABEELS, s OBMABERILE.

Electrochemical Impedance Spectroscopy

frequency sweep
a es galvanostatic mode

Projects
Applications Parameter Value
|Al Applications ] |lower frequency limit [Hz] 10m
Techniques start frequency [Hz] 100K
|All Techniques -] |ueper frequency limit[Hz] ~ [100K
Methods steps per decade (fmin) 5
Control Potentiostat ~  |steps per decade (=66 Hz) (10

EIS potentiostatic - -
EIS galvanostatic LR () 4

EIS pseudo-galvanostatic J measure periods (>66 Hz) |20
EIS potentiostatic at (drifting) OCP B
Current Voltage Curves (Steady State) ‘ !frequency scan strategy single sine v
Current Voltage Curves (Fixed Sampling | I T
Current Voltage Curves (Dynamic Scan)  |ffeduency sweep direction  |up down b
CV - Cyclic Voltammetry |
Open Circuit Potential i I oif hi
General Polarization DC current [A] 0
Chrono Amperometry =
Chrono Potentiometry AC amplitude [mA] 100
Chrono Coulometry
Linear Sweep Voltammetry
Polarization + OCV
Universal Current/Voltage/Time -
‘ Start l Classic Mode I Last Result | Analysis
\ [ \ \

THLEN EIS (EIS galvanostatic) J5iEMIRSE0RE

MR ENEREELETCEE, o UEMEBEERE EIS (EIS potentiostatic) 777%.

Electrochemical Impedance Spectroscopy

frequency sweep
a es potentiostatic mode

Projects

[Sindara ] . I
Applications Parameter Value

|All Applications ~|  |lower frequency limit [Hz] 10

Techniques start frequency [Hz] 100K

] All Techniques _,] upper frequency limit [Hz] 100K

Methods steps per decade (fmin) 5

Control Potentiostat = steps per decade (=66 Hz) |10

; measure periods (fmin) 4

EIS pseudo-galvanostatic = |measure periods (>66 Hz) (20
EIS potentiostatic at (drifting) OCP |

Current Voltage Curves (Steady State) frequency scan strategy single sine v
Current Voltage Curves (Fixed Sampling | ==
Current Voltage Curves (Dynamic Scan) frequency sweep direction  |up down b ‘
CV - Cyclic Voltammetry 2

Open Circuit Potential il off
General Polarization DC potential [V] (ocv) ‘
Chrono Amperometry -

Chrono Potentiometry AC amplitude [mV] 5
Chrono Coulometry

Linear Sweep Voltammetry

Polarization + OCV

Universal Current/Voltage/Time -

Start | Classic Mode | Last Result | Analysis l

BEHLEN EIS (EIS potentiostatic) JiEMHXSHIRE
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5. MR WikhLLH BRI SR RIS ORRENARESE, TUEEEHEMA
EAOE SR, H BT SR Bode 7 Nyquist .

a (=] [E impedance Spectroscopy - O X
Data View ACVOLTAGE U AC CURRENT | | SPECTRUM U SPECTRUM |
Impedance Spectroscopy . N
Dimensions Values  Units / AN f
— I -0.002}
frequency 0095305 Mz \ / If
impedance  0.00755451 @ time time u Order Order -0.001 F
phase * -20.384349 90
impedance' 00070814252 Q a ok
impedance’ 00026313567 Q A5 -~ 3
phase/rad 0355774  rad c 0.01 9 0.001f
time 386,497 s —~ %
oy el
significance 1 8 @ 0.002
c Q
voltage 3.37764 v © =
e = [
urrent 0.000104165 A @ 0.003
£
= a 0.004}
0,001} ;
Presets R il Wi 0.005}
Bode ~ Y 0 -
Nyquist il
VE Characteristic . ; . . : .
Cyclic Votammetry 0.1 1 10 100 1,000 10,000 0.0016 0.0024 0.0032 0.004 0.0048 0.0056 0.0064
Emission Spectrum : '
Photocurten Spectrum [frequency| / Hz STOP impedance'/ Q 5o
gEezial ot X-axis Y-axis left Y-axis right Plot-Setup X-axis V-axis left Y-axis right Plot-Setup
o v || |irequency -] limpedance - phaser* ~|  Profie impedance’ - limpedance’ - disabled - Profil
Open A Y Add Delete [ log abs (Jinv |[»| [iog abs [Jinv |w [Jiog Habs Clinv |w v [ OecOaOim v Do Hatldin |w O DatOin |w v

M3 F2 H Bode EF Nyquist

6. MIXFEA/E, oUFMEHD.Ism B, RETUABLI RS txt XEFMHTOITIE.

KRR L& O KDBAR LRSS MY

EEL] - Toolbox new

-50.000m —
40.000m

-30.000m
ne®

impedance” / Q

nothing selected

-20.000m

-10.000m

0.0000

T T T T T T T T T
40.000m 60.000m 80.000m 100.00m 120.00m
Plot Presets | PlotConfig impedance'/ Q

Graphs o@ ®  fems oe®
Keyais n vatuoAus n orapn stte Nome o Date
UHonbatio2000man sm /impedance 0 Lionbaten2000mn sm mpedance” 0 | [ [+~ < [i50 ) ¥l paits

Zahner Analysis 73 #7544 Nyquist 1% B =52 H

7. ZHIT 3O EIE T S M RIE T ER
# EIS WESETNARELZLEHSEIRNDT, IMIARELE LIMAF S EBAFABIIERIX
. £A ZHIT E3AE T RN BT ARERTMERN—LEHEREBR . s ZHIT ZXPrik
BNEETRTERMIEE, MM#TESRMN EIS BN, ZHIT SARF BBk &R
RIE. J77ARIEIX BODE B, Bk ZHIT #25, {BEE] ZHIT RI/EMNLL. MFER ST ME
BH ZHIT kTl B TESR ZHIT ER(ZX )R BERM 2mHz DUEHFE—REE.
AT RN ERK, FUASHINER, ENEHRFELX RSN ITERTZIAK,
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g —90.0
178m - impedance (Q)
1 5 - phase / deg (%)
) - Z-Hit B
] Impedance ((2)
100m —
—60.0
< =
@ - &
g (4]
=
3 g
856.2m 1 - ©
E S—
—30.0
31.6m | I
— 0.00
T T T T T T T T . T
1.00m 10.0m 100m 1.00 10.0 100 1.00K

frequency / Hz
ZHIT ZRAH BRI M RIEFIERE

8. EuRE #ETHBARAREREEZLEEEE TEEXELFANEL. XER—E
RRER R THNYME. RERIETEXRF ENEEZRA.

L Rs Rsei Rct w
— 1 — /\_,?\
[\-e L | | L W)
100 nH 200 m0 200 mQ 50.0 mQ 10.0 mDW
200F 5.00 F
Z00m 300m
CPE CPE

9. BIDHHAE model Editor B9 Add TIRE, ARIMTHEY ERRAHFEERBAHEHHIEE, R
EEENTHVME. /i AT FENE. METERETNERNE THNBENNEHEL, Fo8
HEMERE, —BRIR SWIARIRER T UEZIUNEER. AR TMRERRHSCEREX, H#T
EEREIREY, HENBYEFRRNUEG. BTUEERLETHNERE, EtxHSs5UE.

Fis Edt
BBE & #* KARE ZN P D AR AB LSS MY
Wadel Editor - Lidon baltery_difusion Modeliste o
op Aaa Too sM |1 sklHzto | tm el
— — oo (W)
- (- — W
100 nH 200mn 200mn 50.0mn 100 mow
)] Ik
uy L4
200F S00F
700m 00m
Data Sources nes A _apogg  Toalsax Des
+ S 1y ion vatery_imusion ogetis ot Ltion batlery.difsion’ -
. L 25,000 Data: LH0nDaMer2000manls =
= oginal
Sample Source: Smoothed
Hi
[~ 20.000 Number of Samples: | 53
o g lmE wm saiet
ase | s
§ 100.00m I 15.000 &
i E3 Fn ADoRFit
5 = Create Dataset wih selected Samples
- 10,000
50000
10.000m - 0.0000
T T T T T T
1.00000m 10.000m 100.00m 1.00000 10.000 100.00 1.0000K 10.000K
frequency | Hz Tooltax | Resulls
=] Homs o
(Graph Style Hame Type Dat:
120 Pints
150 Points
150 3] v Paints
Li4onballery2000mah ism | fiaquency 150 2| (¥ Points

LA BTAEEVF] EIS Bode BEIFIZ B R
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File Edit View Graph Help

BBE
Mol EatorL-on aten_amsion ogstn
Psave

Open

Data Sources.

. 95& Lionbater/2000mh ism

N [———

ne®

Piot Presets ne®
Hyquist

“Hiyquist

Complexvs log Frequency
Bade Admiftance

Hyquist Admittance
-Hyquist Admittance

Serial Capacitance
Parallél Capacitance
Complex Capacilance
Capacitance' vs Fraquency
Capacitance" vs Frequency

Plot Presets | PlotCanig
Graphs

Key iz
Li-onbafiery2000mah ism ! freguency He
Lientaftery2000man ism ! frequency Hz
Li-on batlery_diffusion Model ist | requency Hz
Livion balery_diMusion Model ist | Wequency Hz

o A KA Rk B\ .

INSTRUMENTS

o DA ES 22 MY M
nas
aad \Tools s I SklHeto | 1m ke
P i —1 —1 (W)
T L [ \_/
I H 26.6m0 167 m0 H2mn 6.3 mDW
154F 448F
562m 954m
160.00m r0g00  Resuts A
140.00m Element value Signiicanc
] inductor iL) 334nH 0438
120 00m —
] [~ 25.000 resistot (R) 268ma 0923
100.00m |\, resistor (R) 16.7 ma 0.289
] constant-phas... 154F 0148
80.000m | - 20,000
constant-phas . 552m 0513
[ ] - resistor (R} Nzma 0.368
§ 60.000m - E warburg-. 631 mOwW o382
5 15000 >
i ] | pe————— vats
] ]
- constantphas.. 954m 0701
40.000m - [ 10.000
1 [ 5 a00g Mean Max
Wodulus Impedance Efar 0.17% 511%
Phase Angle Error 005 147
Overall Error: 179%
20.000m = - 0.0000
T T T T T T T 1 =z Eport
1.00000m 10.000m 100.00m 1.00000 10.000 100,00 1.0000K 10.000K
frequency / Hz Tooloax | Results
088 fems LL
Value 4ris in Graph Style Hame Type Dats
LiHonbattery2000mah ism fimpedance o @ 150 3| V| Points
LionBattery2000mAnism / phase | deg [] 150 % V| Points
Lion batieny_difusion Madel st/ impedance 0 [l [—— = | (150 2| | Points
Lion naeny_omusion Mootk gnase oeg * ([l —— = || 150 3 || Foms

A SERUSHEELA EIS Bode Bl fh4 B RRINEE

10. BRI Z o] B 7~ A Nyquist EIsiH M FRIA T, REK EIS BE T URFABRAER. &
AURHZ BRI SH A TXT X, I RFNTH POF BRMEERKRE, REEBTUEEED

THERRZEUEE

-50.000m
-40.000m

-30.000m

dance" / Q

-20.000m

impe

-10.000m

0.0000

=% (Overall Error)

1
140.00m

| |
100.00m 120.00m

40.000m 60.000m 80.000m 160.00m
impedance' / Q
Equivalent Circuit
—m —1 —1 1 ‘w)
I I LT N
334 nH 26.6 mQ 16.8 mQ 311 mQ 6.31 mDW
157F 448 F
549m 956m

Element Value Significance Error

inductor (L) 334 nH 0.438 6.65%

resistor (R) 26.6 mQ 0.922 0.28%

resistor (R) 16.8 mO 0.289 1.33%

constant-phase-element (V) 157 F 0.146 1.82%

constant-phase-element (exponent) 549 m 0.612 0.80%

resistor (R) 31.1 mQ 0.367 5.34%

warburg-impedance (W) 6.31 mDW  0.392 15.24%

constant-phase-element (V) 448 F 0.245 1.51%

constant-phase-element (exponent) 956 m 0.700 0.24%

mean  maximum
Modulus Impedance Error:  0.17% 5.11%
Phase Angle Error: 0.0516°  1.47°

Ov erall Error:

1.79%



