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Overview and quick access

Procedure

= Launch the experiment
= Step 0: Connect instrument and select channel
Step 1. Add EIS technique
Step 2: Set EIS parameters
Step 3: Optimize the measurement
Step 4: Set general parameters
Step 5: Launch the measurement
Step 6: Add additional experiments

= |nvestigate the result
= Step /: Read the graph
= Step 8: Analyse the data with Z Fit

Find out more

= For supplementary information
= Need help?
= FAQ
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Step 0: Connect instrument and select channel

@ EC-Lab - [VMP-3e - 10.11.1.10, channel 1 - no experiment] — [} s
L Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals &
i"@@ﬁ|2355?89m111215
) by I . I =
Devices EMIEINS L SCHE - R R B
n 5 i Mo experiment loaded on current channel. |53|90t0f--- v|| Show : | v| 4 »
i WMP-3e - 106 To create an experiment, please select one of the following
actions :
M m Hew
II IS rul I IEEI I m Load Settings

m MewStack

and select B
E xperiment

Safetyiady. Settings

channel E—

External Devices

Parameters Settings

d = T =0

DI N

Check out our Getting Started with EC-Lab® tutorial
dedicated to connecting the instrument and selecting

channels.

|VMP-3e |.4_1n1111ns Chanrel 1 | Amplfier: None | EIS r£||F|eadmnde |g |n,n Undersample: Off |21 523b/s 4L
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Step 0: Connect instrument and select channel

When the
INnstrument
and channel
are selected,
the user can
set-up the
experiment

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - no experiment]

Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

"'@@HHTzsss?agmnuls
Ly

Devices
i = & ﬁﬁ Mo experiment loaded on current channel.
i WMP-3e - 106 To create an experiment, please select one of the following
actions :

m Hew
m Load Settings
m MewStack
@ Load Stack Seftings

E xperiment

Safetyiady. Settings

Cell Characteristics

External Devices

Parameters Settings

d = T =0

DTN

Belded -4 BB
[sekotor.. ]| | Ishow: b >

|Status Stopped | Time 0,000 5 | Ewe -848.9mY | I 04 | Buffer 0 | Eoc -848.9m | 390 04k | | Range open

|VMP-3e |4|,,1n1111ns |Ehanne|1 |Amplifier'Nnne EE ﬁ|Headmnde |g

|00

| Undersample: Off \21 523 b/s




Step 1: Add EIS technique

* Click on + to
add a
technigue in

the list Add/remove a technique
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Step 1: Add EIS technique

Empty window:
no loaded technique

Modify mode / Read mode
To move technique
before/after

Q
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Step 1: Add EIS technique

= Select PEIS

technique

It is in the
Impedance
Spectroscopy
folder

* Click on OK to
validate

At

Insert Techniques X

Search D[ [PEIS |

» -1 Recent Techniques £
w 4~ Electrochemical Techniques
gz Valtamperametric Techniques

Wi
v ez Impedance Spechioscopy J— J— J—
i v Galvano Electrochemical Impedance Spectroscopy - GEIS I\fa
-« Patentio Electrochemical Impedance Spectrascopy - PEIS E
- Staircase Galvano Electrochemical Impedance Spectroscopy - SGEIS

- Staircaze Potentio Electrochemical Impedance Spectrozcopy [Mott-Schottky] - SPEIS

o Potentio Electrochemical Impedance Spectroscopy Wait - PEISW

). - Pulzed Techniques t
> Technigue Builder

’ ﬁ‘ Mangal Conrol L PEIS experiment performs impedance measurements into

> g D_hm'c D_'Up D atermination potertiostatic mode in appling a sinus around a DC potential E that
» el Bipotentiostat cah be set o a fiked value or relatively to the cell equilibrium

> = Electrochemical Applications potential.

For very capacitive ar low impedance electrochemical systems, the
patential amplitude can lead to a curent overflow that can stop the
experiment in order to pratect the unit from overheating. Using GEIS
instead of PEIS can avoid this inconyvenient situation.

Moreover, during corosion experiment, a potential shift of the
electrochemical system can ocouwr. PEIS technique can lead to
impedance measurements far from the comozion potential while GEIS
can be performed at a zero curent.

Only PEIS technique is described hereafter but information
given can be adapted to
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tep 1: Add EIS technique

Search bar
to quickly find the
desired technique

Description of the settings
technique and associated

graph

Insert Techniques

Search '3/ [C*|[PEIS

> 1.y Recent Techniques

w {~ Electrochemical Techniques

> @ Waltamperometric Techhiques

v ez Impedance Spechioscopy

i v Galvano Electrochemical Impedance Spectroscopy - GEIS

-« Patentio Electrochemical Impedance Spectrascopy - PEIS

- Staircase Galvano Electrochemical Impedance Spectroscopy - SGEIS
- Staircaze Potentio Electrochemical Impedance Spectrozcopy [Mott-Schottky] - SPEIS
i e Potentio Electochemical Impedance Spectrozcopy Wait - PEISW

> Pulzed Techniques

> % Technigue Builder

> gy Manual Cantral

> a‘ Ohmic: Drop D etermination

» el Bipotentiostat

> = Electrochemical Applications

EFAQQE

t

PEIS experiment performs impedance measurements into
potentiogtatic mode in applying a ginug around a DC potential E that
cah be zet to a fived value or relatively ta the cell equilibriur
potential.

For very capacitive ar low impedance electrochemical systems, the
patential amplitude can lead to a curent overflow that can stop the
experiment in order to pratect the unit from overheating. Using GEIS
instead of PEIS can avoid this inconyvenient situation.

Moreover, during corosion experiment, a potential shift of the
electrochemical system can ocouwr. PEIS technique can lead to
impedance measurements far from the comozion potential while GEIS
can be performed at a zero curent.

Inzert Technique Load from default Custon Applications
() Before S afety/tdv. Settings Extemnal devices
- = v . g | Rename ” Add || Femave | | Stack |
(2 After [ Cell characteristics
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Step 1: Add EIS technique

PEIS technigque
Is loaded in
the technique
list

Corresponding
PEIS
parameters
settings
appear

&) EC-Lab

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

- [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

"@@@H|1234|T

Devices

F = T E e

----- 5 YEP - 102

@ ] Tum o OCY between techniques 17

L3

=

1]

E xcitation signal mode

Experiment

Safetyiddy. Settings

SetEpeta E=|,DDTV Y3, m
ForlE=|—h|D_mn|D,DT 8
[ Record every di = 0000
or dl=|D,DTS

Cell Characteristics

External Devices

Parameters Settings

o 1-FEIS

o =B

P T MM

Scan from Fi= IW
to Ff= Iw
wih Ng=[§ paints
[ zpacing

sius ampltude ¥a = [f00 my [ime ~ 7.07 mv)
wait far py = [070  periad before sach frequency

average Mg = |2— measure(z) per frequency

drift carrection []

Bepeat ne= ID time(z]

Limits & =

E Range = [0V 10v v

Sarokiie = G 18w

[~ 1mn33s / 2can]

Gobackto seq Mg = ||j (RTET ende dhyaimasl

for mp = ||j time(s] A7 st sagmesicsl

[ increment cycle number

B4

SAgra- B

| 4|0 >

‘ E|Status Stopped | Time 0,000 5 | Ewe -1783my | I 04

| Buffer O | paint 070

| Eoc -17.83 my | freq OHz | Hange open oycle 1

Nz 0

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T &

|00

| Undersample: 0ff [43188b/s )
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Step 1: Add EIS technique

&) EC-Lab

= Experiment Edit View Graph Analysis Tools Config Windows

- [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

Help & Manuals

BEEWE | 1

2 3 4|5

%

Devices

3 = TR fili
----- 5 YEP - 102

Experiment

Safetyiddy. Settings

=] Tum o OCY bebween techhiques II
2 o

E-|deOaa| g2 0

Selector... ~ |

Shcw:"ﬂ—}

E xcitation signal mode

SetEpeta E=|,DDTV Y3, m
ForlE=|—h|D_mn|D,DT 8
[ Record every di = 0000
or dl=|D,DTS

General parameters

Cell Characteristics

External Devices

" Par. i

= [

...... 1-FEIS

Settings

Technique parameters

P T N MW

Eﬁﬂﬂﬂﬂ

t

Scan from f;= IW B
to Ff= Iw
wih Ng=[§ paints
[ zpacing

sius ampltude ¥a = [f00 my [ime ~ 7.07 mv)
wait far py = [070  periad before sach frequency
average Mg = |2— measure(z) per frequency
drift carrection []

Repeat ne= ID— time(z]
Limits 4 =

E Range = [0V 10v v

Sarokiie = G 18w

4 You can display the description of the settings by clicking

Statuz Stopped | Time 00000s [ Ewe -17.75md | 04 Buffer 0 point 040 Eoc -17.75 m freq OHz | Range open oycle 1 Mg 0 | nc.o. H
|wsP | L10111.102 | Channel 5 | Ampifier: None | EIS EY Modify mode [& |00 Undersample: Off | 215230/ /0




©BioLogic

—
N

Step 2: Set EIS parameters

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

Select Single e T X
g Devices @ [ Tumn to DCY between techriques | 7 v| ‘_I-’ “%A - @k @\| ‘Eﬁ o v| |
+ = Eie | ¥ o [Selector.  ~]| | Ishow: WF >

.
SII Ie ----- 0 W5P - 102
E xcitation signal mode

EWS
Set Eweto E= [00000 -Vvs_m T T T _I\"'a
E
FD[lE=|—hlﬂ_mnlﬂﬂTS

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals o

[1 Becord every dl = |D,DDD
o dt= |D,DDD S
t

Experiment

Safetyiddy. Settings

Cell Characteristics Scan fiom f= [B3000

Extemnal Devices to fg= Iw
Parameters Settings with Ng = I pairits
[ zpacing

E=citation zignal mode | Single sine

+ 1-F'EISq} ¥ sius ampltude ¥a = [f00 my [ime ~ 7.07 mv) Multi zine
wait far py = [070  periad before sach frequency
average Mg = |2— measure(z) per frequency
drift carrection []
Repeat ne= ID— time(z]
Limits & =

E Range = [0V 10v v

Sarokiie = G 18w

P ([ M MY \Fange= awo |
Bandwidth = [~ 1mn33s / scan)

Note: Multisine can be okt e N+ [T (et

for mp = ||j time(s] A7 st sagmesicsl

performed (it is the sum ) oo i
of sinus)

‘ E|Status Stopped | Time 0.0000 2 | Ewe -17.75m\ | | 04 | Buffer 0O | paint 040 | Eoc -17.75 my | freq OHz | Hange open cycle 1 Nz 0 | nec. . H

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T & [0.0 | Undersample: Off |21 523b/s 41
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Step 2: Set EIS parameters

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

S BEEE | 12 3 4 |T b
et Ewe to E to Devices o] [ Tumto OCY between techriques |1 eS|y AR

. . — = L
fine th i +-sE®|* |o ]| e I P b
----- S YSP-102
E xcitation signal mods E

voltage level — E‘? o
SetEweto E= 00000 V ¥ Eoc | El ﬂﬂﬂi\fa

for tE = I—hlﬂ_mn W 8
[1 Becord every dl = |D,DDD
o dt= |D,DDD S
t

Experiment

Safetyiddy. Settings

Cell Characteristics
E can be held e

Estemal Devices to Ff= Iw E EWE-' o E
Parameters Settings with N g = I paints fl:lr t E

during a time A

0.000 0 Vo ows Eoc W

o b0 mn [o.000 g

...... e sius ampltude ¥a = [f00 my [ime ~ 7.07 mv) D HECDrd Every dl - W n'|,l':'l. —
t b efo e wait far py = [070  periad before sach frequency - ’
E r average Na= 2 measurafs] per frequancy or dt = II:U:IT z
. drift carrection []
starting .
Limits 4 =

E Range = [0V 10v v

Sarokiie = G 18w

P ([ M MY \Fange= awo |
Bandwidth = [~ 1mn33s / scan)

Gobackto seq Mg = ||j (RTET ende dhyaimasl
for mp = ||j time(s] A7 st sagmesicsl

[ increment cycle number

‘ E|Status Stopped | Time 0.0000 2 | Ewe -17.75m\ | | 04 | Buffer 0O | paint 040 | Eoc -17.75 my | freq OHz | Hange open cycle 1 Nz 0 | nec. . H

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T & [0.0 | Undersample: Off |21 523b/s 41
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Step 2: Set EIS parameters

Define E versus voltage of:
@ ] Tum to OCY between techniques

Ref: the reference * e
electrode
I}E:-ccitaticun zignal mode E |:~:|e
Eoc: open circuit
voltage T N Tl ) o Ny A S AN AN AW
) . fDrtE=||]—h|[|_mn||:U]Ts
Ectrl: the previous ] e vy i~ o vV VA

controlled voltage, if a
techm%ue IS set before
the PE

or dt= ||1|:||:||:| :

Scan from Fj= |2|:||:|,|:||:||:| B

Emeas: the previous 0 ff= 00000 mHe |
measured voltage, if a it Ng= [ pois
technique is set before n spacing
the PEl gihuz amplitude Vg = IF it [rmz ~ FOF k]

it for Py = ||:|J1 ] period before each frequency
average Mg = |2 meazurelz] per frequency

Be aware that Eoc is a relative voltage value as OCV may change. Eg¢ is

an absolute voltage value.

a4
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Step 2: Set EIS parameters

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

by

[ERERE]
Set fl Ond ff to D?u'ices = | : %Siuﬁﬂﬂ\ibetweentechniques Il v| ENNIN

. — = &+
£ | t-m@a|* [o Em e s
I I ----- 0 W5P - 102
E xcitation signal mode Eve

frequencies
SetEpeto E- [G0000 ¥ v |Eos v gﬂﬂﬂﬂa

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

SAgra- B

m

for kE = [0 hlﬂ_mnlgﬂTs

r g E=periment L] Begod every di = ID'DDD

or dt= |D,DDD g .
¢

Safetyiddy. Settings

Cell Characteristics
Scan fiom fi= [200.000 i
Extemal Devices to ff= Iw Scan from I:i = IEDD,DDD kHz e E

Parameters Settings with Nd = [6 points ko I: = '||:||:| |:||:||:| H LT
etV to R —
O sinuz amplitude Vg = |‘| 0.0 mtd [z ™ 707 m) I,-‘-,I|t|"| " d = E I:II:IiI"ItS per IjECEIdE e

...... 1-FEIS
wait for Py = |D,1 0 period before each frequency

d efl n e a\:‘erage N.a =2 measurafs] per frequancy I Lngarithmic L EI:IEICiI"Ig
O m p | it u d e Of di;eilzn E— fimefs) sinug amplitude Vg = |1 0.0 mtd [rms ™ FOF k)

Limits & =

perturbbation s

P T MY Range= a0~
Bandwidth = [~ 1mn33s / zcan)

Gobackto seq Mg = ||j (RTET ende dhyaimasl
for mp = ||j time(s] A7 st sagmesicsl

[ increment cycle number

‘ E|Status Stopped | Time 0.0000 2 | Ewe -17.75m\ | | 04 | Buffer 0O | paint 040 | Eoc -17.75 my | freq OHz | Hange open cycle 1 Nz 0 | nec. . H

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T & [0.0 | Undersample: Off |21 523b/s 41
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Step 2: Set EIS parameters

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

Define dato e - .
Devices @ Tum ta OCY between techniques | 11 v| "I" n%.fl it @\ 'G-"'\| 'E,‘»?j - v| |
+ - Eiw | X o Solesor. || s Hab >

pow;t .samphng .....

= Points per —— o
SetEweto E= [ooono ¥ we m :I:Va

decade Nd eltes T FEle oo fi? i7 ;\7 i

[1 Becord every dl = IU,DUD
. ] or db= |00 8 —
Safetyiddy. Settings i
= in log or -

Cell Characteristics
. Scan fiom fi= [200000 kHz | m
| I n eO r External Devices to Ff= [o0000 Sican fram I:i = |2|:||:|__|:||:||:| kHz t E

M Parameters Settings with N = | points _
S pO CI ng o ) Ie spacing to Fg= I-I Qo000 mHz

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals o

m

Experiment

...... I sinus amplitude ¥ = |1D,D mtd [z ™ 707 m) Wlth " d = IE I:Il:lir'ltS = IjECEIIjE e
wait for Py = |D,1 0 period before each frequency
average Na = |2 measure(s] per frequency I Lngarithmic L EI:IEICiI"Ig
drift carrection []
Fepeat ng= [i timels sinug amplitude Vg = |1 0.0 v Mz ™ 07 m
Limits 4 =

E Range = [0V 10v v

Sarokiie = G 18w

P ([ M MY \Fange= awo |
Bandwidth = [~ 1mn33s / scan)

Gobackto seq Mg = ||j (RTET ende dhyaimasl
for mp = ||j time(s] A7 st sagmesicsl

[ increment cycle number

‘ E|Status Stopped | Time 0.0000 2 | Ewe -17.75m\ | | 04 | Buffer 0O | paint 040 | Eoc -17.75 my | freq OHz | Hange open cycle 1 Nz 0 | nec. . H

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T & [0.0 | Undersample: Off |21 523b/s 41
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@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy] — ] x
Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals N - 8 X
BEEW | s 5
Devices [ Turnto DCY between techniques o v| M%Q E::E @k @\, | ‘E.‘»?.'i v B |
t-%@s - [ Errm— e R
----- o WSP-102
E xcitation signal mode
SetEyeto E= [00000 ¥ vs Eoc - :I:Va
fo k=0 hd mn W 3
Expetinent [1 Becord every dl = W
dt= [ooig s
) R ) Safetyiddy. Settings o 4= [ t
FrequeﬂCIeS ||St at WhICh B Cr AT e —IFrequenmesIlst >
th ElS f d Scan from fi= 200000 kHz
e Ore per Orme Extemnal Devices o F= i Iw- FTEI:IUEHDIES [HE]
Parameters Settings with Ng = I poiits 200000921 875 A
P # 3 - . in | Logarithmic  ~  spacing 136 51 51 09375
...... I sinus amplitude ¥ = |1 0.0 v [Wrms ~ 707 mY] 93 185351 RE3
wait for Py = |D,1D period before eacl hicy B3 EDE1 A6 250
average Na= 2 measurafs] per frequenoy gg 313}?315 ggg
drift carrection [] 20 23["'1 15 234
H R t ng= |0 tirne(s)
The corresponding RMS fmare 7 et T e
. . Limits 4 = :
6 433,278 803
value is indicated S ST 4 332017 208
Aedaiinr = J I ak 2999111 328
P11 I | Range = 2 045,690 063
Bandwidth = [~ 133z / zcan) 1 Egz?g_‘d EI\E? W
Gobackto seq Mg = [0 /0%Fauwk s/ R frequenmes 33
formg = Jo timels] /4R et seguecel o .
[ increment cycle number VI CA
‘ E|Status Stopped | Time 0.0000 2 | Ewe -17.75m\ | | 04 | Buffer 0O | paint 040 | Eoc -17.75 my | freq OHz | | Hange open | cycle 1 Nz 0 | nec. . H
[vsP | 10111102 | Channel 5 | amplfier: None | B15 7 (1YY 2[00 | Undersample: Off |21 523b/s 41
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Step 2: Set EIS parameters

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy] — ] x
Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals N - 8 X
Setn_to LT T LN P :
C Devices @ [ Turr to DCY between techniques | 1 v| '—I—' \J‘;Q il @k '@'\| 'E.s?j v v| |
- e
r N t-%@i | 1 |o Sobom ]| s Bap >
----- o WSP-102
f E xcitation signal mode E we
| SetEyeto E= 00000 ¥ ve Eoc v N N :I:va
. E
frequencies e
Record dl =
q Experinent [ Becord every 0.000
or dt= |D,DDD g
Safetyiddy. Settings t
Cell Characteristi 7~
ell Characteristics
Scan from Fj= |2DD,DDD -kHz B
External Devices to Ff= [To0.000
Parameters Settings with Ng = I poiits
d o= =B
I sinus amplitude ¥ = |1 0.0 i [Wrms ~ 707 my]
wait for Py = |D,1D period before each frequency
average Mg = |2 measure(z) per frequency
drift carrection []
Bepeat ne= ID time(z] ‘
Limits 4 =
E Range = [-10v; 10 v
Sarokiie = G 18w
b 1T N I
Bandwidth = [~ 1mn33s / scan)
Gobackto seq Mg = ||j (RTET ende dhyaimasl
for mp = ||j time(s] A7 st sagmesicsl
[ increment cycle number
‘ E|Status Stopped | Time 0.0000 2 | Ewe -17.75m\ | | 04 | Buffer 0O | paint 040 | Eoc -17.75 my | freq OHz | Hange open cycle 1 Nz 0 | nec. . H
|wsP | L10111.102 | Channel 5 | Ampifier: None | EIS EY Modify mode [& |00 | Undersample: 0ff |21 823bss )
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Step 2: Set EIS parameters

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy] — ] x
Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals N - 8 X

BEEE | 12 3 4|T
Seq uences Devices @ [ Turr to DCY between techniques | 1 v| "I" 4{1 H @k '@'\| ‘E.\,?"i - & v| |

_ = = |IT
N +-smw||* o ]| e I P b
----- S YSP-102
E xcitation signal mods E

WE
SetEysto E=[00000 ¥ vs |Eoc v N N :I:va
E
for g = IU h ID_ mn |g‘ggg H

[1 Becord every dl = |D,DDD

Experiment
or dt= |n,nnn T
O O C to Q Safetyiddy. Settings t

. Cell Characteristics
desired cycle -
External Devices to Ff= [To0.000
Parameters Settings with Ng = IB pairits
N
or seguence F———y—
sinus amplitude ¥ = |1 0.0 i [Wrms ~ 707 my]

...... 1-FEIS
wait for Py = |D,1 0 period before each frequency
average Mg = |2 measure(z) per frequency
drift carrection []

Bepeat ne= ID time(z]
Limits 4 =

E Range = [0V 10v v

Sarokiie = G 18w

P T MY Range= a0~
Bandwidth = [~ 1mn33s / zcan)

Gobackto seq Mg = ||j (RTET ende dhyaimasl
for mp = ||j time(s] A7 st sagmesicsl

[ increment cycle number

‘ E|Status Stopped | Time 0.0000 2 | Ewe -17.75m\ | | 04 | Buffer 0O | paint 040 | Eoc -17.75 my | freq OHz | Hange open cycle 1 Nz 0 | nec. . H

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T & [0.0 | Undersample: Off |21 523b/s 41
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Step 3: Optimize the measurement

A delay p,, can
be added'before
the
measurement for
each frequency

£ It is important to activate
when there is a big gap
between two frequencies.
Delay is longer for low
frequencies.

or dt= |D,DDD g

Safetyiddy. Settings

t

£ 3
Fal

Cell Characteristics

Scan from Fj= (200,000 @
to fg= |‘IDD,DDD mHz~ ~
with Mg = |5 points
[ @ zpacing

o= D e —
I sinus amplitude ¥ = |1 0.0 i [Wrms ~ 707 my]

External Devices

Parameters Settings

average Mg = |2 measure(z) per frequency
drift carrection []

Bepeat ne= ID time(z]

wait for Py = |D,1 0 period before each frequency

Limits & =

E Range = [0V 10v v

Sarokiie = G 18w

P T MM

Bandwidth =

[~ 1mn33s / 2can]

Goback to seq Mgt =

for mp =

||j [T e Ayl
||j time(s] &7 s el

[ increment cycle number

wait for oy

average Mg

drift comection [ ]

||:|,‘| 1] peniod before each frequency

|2 meazure(s] per frequency

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy] ] x
Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals N - 8 X

L, | | 1 2 3 4|5 L

Devices @ E Turmn to OCY between techniques | v| "I" M%Q E::E @k '@'\,| ‘E."?j - @Z v| |

- i ]
t-Z@w I o R N g6 >
----- < WSP-102
E xcitation signal mode Eve
SetEyeto E= 00000 ¥ ve Eoc v N N :I:va
E
ForlE=||j—h|D_mn 0,000 H
Becord di = |
Experiment [] Becod every (DY

‘ E|Status Stopped | Time 0,000 5 | Ewe -A7.75my | | 04 | Buffer O | paint 070

| Eoc 775 my |

freq OHz

| Range open oycle 1

Nz 0

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T & [0.0

| Undersample: 0ff |21 523 b5
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Step 3: Optimize the measurement

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals N
Set N, to repeat BEBE [123 s >
measurements at Do | 2 Tumto00Y b tecrios 21 Eemaa -2 e

t-%@s - [ o I 4P
each frequency |~ s | O >

O n d O Ve rO g e -t h e E ucitation signal mads

EWE
values : NAA
SetEweto E= 00000 V ¥ Eoc | ] :I:Va
ForlE=|—h|D_mn|D,DT 8

[1 Becord every dl = |D,DDD
o dt= |D,DDD S
t

£ 3

Experiment

Safetyiddy. Settings

Cell Characteristics =
Scan from Fj= |2DD,DDD kHz A B H 1
E el Devices o ti= T i o] walt for pyy = ||:|;||:| penod befare each frequency

Parameters Settings with Mg = I points aVE[agE Nﬂ
in | Logarithraic | spacing

|2 meazure(s] per frequency

+ 1-PEIS} ¥ S a sinus amplitude Va = 100 1wy [ims ™ 7.07 mv] drift correchion I:l
waitfar py = [070  period before sach frequency
average Mg = |2— measure(z) per frequency
drift carrection []
Repeat ng= ID— time(z]
Limits & =

E Range = [0V 10v v

Sarokiie = G 18w

P ([ M MY \Fange= awo |
Bandwidth = [~ 1mn33s / scan)

a . Gobackto seq Mg = [0 /0%Fauwk s/
This average process smooths R N —
the rO ndom error Of the [ increment cycle number

measurement, but the
experiment lasts longer.

‘ E|Status Stopped | Time 0.0000 2 | Ewe -17.75m\ | | 04 | Buffer 0O | paint 040 | Eoc -17.75 my | freq OHz | Hange open cycle 1 Nz 0 | nec. . H

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T & [0.0 | Undersample: Off |21 523b/s 41
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Step 3: Optimize the measurement

The duration of the experiment is
iIndicated. It depends on frequency
range, sampling and averaging N,

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy] — ] x
Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals N - 8 X
L, | | 1 2 3 4|5 L
Devices E Turm to OCY between techniques v| M%Q E::E @k @\, | ‘E."?j - @Z v| |
- i <+
t-smi|: [o ese ]| svon: [ <5
----- o WSP-102
E xcitation signal mode Eve
SetEyeto E= 00000 ¥ ve Eoc v N N :I:va
E
for g = I h ID_ mn |g‘ggg H
Record dl = |
Experiment [] Becod every (DY
or dt= |D,DDD g
Safetyiddy. Settings t
Cell Characteristi 7~
ell Characteristics
Scan from Fj= |2DD,DDD -kHz w B
External Devices to Ff= [To0.000
Parameters Settings with Ng = I poiits
I sinus amplitude ¥ = [10.0 i [Wrms ~ 707 my]
wait for Py = |D,1D period before each frequency
average Mg = |2 measure(z) per frequency
drift carrection []
Bepeat ne= ID time(z]
Limits 4 =
E Range = [-10v; 10 v
Sarokiie = G 18w
b 1T N I
Bandyidth = 5 - medium [~ 1mn33s / scan]
Gobackto seq Mg = ||j (RTET ende dhyaimasl
for mp = ||j time(s] A7 st sagmesicsl
[ increment cycle number
‘ E|Status Stopped | Time 0.0000 2 | Ewe -17.75m\ | | 04 | Buffer 0O | paint 040 | Eoc -17.75 my | freq OHz | Hange open cycle 1 Nz 0 | nec. . H

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T &

|00

| Undersample: 0ff |21 823bss )
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Step 3: Optimize the measurement

Drift correction
corrects non
stationarity

£ This has to be activated for
measurements on slow
systems which has not
reached steady state
conditions

d o= =B

in | Logarithraic | spacing

...... 1-FEIS

a sinus ampltude ¥a = {00 | my (e~ 7.07 mv)
waitfar py = [070  period before sach frequency
average Mg = |2— measure(z) per frequency
drift carrection []

Bepeat ne= ID time(z]

Limits & =

E Range = [0V 10v v

P T MM

Sarokiie = G 18w

[~ 1mn33s / 2can]

Gobackto seq Mg = ||j (RTET ende dhyaimasl
for mp = ||j time(s] A7 st sagmesicsl

[ increment cycle number

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy] — ]
Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals N - 8 X
L, | | 1 2 3 4|5 L
Devices @ E Turmn to OCY between techniques | v| "I" M%Q E::E @k '@'\,| ‘E."?j - @Z v| |
- i ]
t-%@i | 1 |o Sobom ]| s Bap >
----- 0 WSP-102
E xcitation signal mode E we
SetEyeto E= 00000 ¥ ve Eoc v N N :I:va
E
for g = I h ID_ mn |g‘ggg H
Expetinent [1 Becord every dl = IU,DUD
or dt= |D,DDD g
Safetyiddy. Settings t
Cell Characteristi = 2
el Characteristics
Scan from Fj= |2DD o0 IkHz——v| B H 1
i 21
. wait for = | eniod before each frequenc
Esternal Devices o Ff= I—'IDD,DDD mhz” pw I:I_.-I D I:' ':I _IrI
Parameters Settings with Mg = I points average Na = IE ITIEESL-"E[S] per I:[Equenl:}'

drift comection [ ]

‘ E|Status Stopped | Time 0,000 5 | Ewe -A7.75my | I 04

| Buffer O | paint 070

| Eoc 775 my |

freq OHz

| Range open oycle 1 Mz 0 | nc.o.

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T &

|00

| Undersample: 0ff |21 823bss )
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Step 3: Optimize the measurement

E Range is the
range of
expected
voltage

£E Range has to be wide
enough to be in the range of
the operating voltage but
narrow enough to get an
optimized resolution in
voltage measurement /
control

&) EC-Lab

Experiment Edit View Graph Analysis Tools Config Windows

Help & Manuals

- [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

"@@@H|1234|T

%

Devices

F = T E e

----- 5 YEP - 102

@ [ Tum o OCY between techniques 1

L3

=

1]

E xcitation signal mode

Experiment

Safetyiddy. Settings

SetEpeta E=|,DDTV Y3, m
ForlE=|—h|D_mn|D,DT 8
[ Record every di = 0000
or dl=|D,DTS

Cell Characteristics

Eﬁﬂﬂﬂﬂ

t

B L8 g-2- Q|

Show :

Selector... ~ |

| 4|0 >

External Devices

Parameters Settings

d o= =B

...... 1-FEIS

P T MM

Scan fiom fi= 200000 kHz v i)
to Ff= Iw
wih Ng=[§ paints
[ zpacing
sius ampltude ¥a = [f00 my [ime ~ 7.07 mv)
wait far py = [070  periad before sach frequency
average Mg = |2— measure(z) per frequency
drift carrection []

Bepeat ne= ID time(z]

Limits_ <& =

o E Range = |10V 10V vl |

Sarobiie = G 18w

[~ 1mn33s / 2can]

Gobackto seq Mg = ||j (RTET ende dhyaimasl
for mp = ||j time(s] A7 st sagmesicsl

[ increment cycle number

‘ E|Status Stopped | Time 0,000 5 | Ewe -A7.75my | I 04

| Buffer O | paint 070

| Eoc 775 my |

freq OHz

| Range open oycle 1 Mz 0

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T &

|00

| Undersample: 0ff |21 823bss )
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Step 3: Optimize the measurement

| Range is the
range of
expected
current

Autorange is
available

$Select autorange as the
level of current at low
and high frequency may
be very different

&) EC-Lab

- [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

"@@@H|1234|T

Devices

F = T E e

@ [ Tum o OCY between techniques 1

L3

=

----- 5 YEP - 102

1]

E xcitation signal mode

E

Experiment

Safetyiddy. Settings

SetEpeta E=|,DDTV Y3, m
ForlE=|—h|D_mn|D,DT 8
[ Record every di = 0000
or dl=|D,DTS

Cell Characteristics

B-ldela’| @2 Bl

oo~ | svon: g6 »

Eﬁﬂﬂﬂﬂ

t

External Devices

Parameters Settings

d o= =B

...... 1-FEIS

P T MM

Scan from Fi= IW
to Ff= Iw
wih Ng=[§ paints
[ zpacing

sius ampltude ¥a = [f00 my [ime ~ 7.07 mv)
wait far py = [070  periad before sach frequency

average Mg = |2— measure(z) per frequency

drift carrection []

Bepeat ne= ID time(z]

Limits & =

E Range = [0V 10v v

Hesadainr = il
a | Range = | Auto v
Bandwidth = [~ 1mn33s / scan)

Gobackto seq Mg = ||j (RTET ende dhyaimasl

for mp = ||j time(s] A7 st sagmesicsl

[ increment cycle number

‘ E|Status Stopped | Time 0,000 5 | Ewe -A7.75my | I 04

| Buffer O | paint 070

| Eoc -17.75 my | freq OHz | Hange open cycle 1 Mz 0 | nc.

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T &

|00

| Undersample: 0ff |21 823bss )
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Step 3: Optimize the measurement

@ EC-Lab - [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

Adjust bandwith to BEGW [ 125 4[5 >
mC] ke Sure Dewices 56] B Tum to DCY between techniques |

L3

otentiostat control +-®@iw|* o

----- 5 YEP - 102

he cell in stable and

EWE
fast wa
y SetEweto E= 00000 ¥ ¥ Eoc = — — — I\"’a

B eI |- @R
[Sekctor.. ]| [ Ishon: w0

[1 Becord every dl = |D,DDD
o dt= |D,DDD S

Experiment

Safetyiddy. Settings t

Cell Characteristics Scan fiom f= [B3000 u
Extemnal Devices to fg= Iw
Parameters Settings with Ng = IB— poiits
[ zpacing
sius ampltude ¥a = [f00 my [ime ~ 7.07 mv)
wait far py = [070  periad before sach frequency
average Mg = |2— measure(z) per frequency
drift carrection []

Bepeat ne= ID time(z]

Limits & =

E Range = [0V 10v v

Sarokiie = G 18w

£ For EIS measurements at T NN e ao o
hlgh frequenCIeS, the a Bandwidth = 5-mediu_|m ¥ [~ 1mn33s / scan)

regulation loop has to be

fast, so a fast bandwidth is i 022 i
arnp = ||j tirne(s A A AN IS,

reqUIred [ increment cycle number

7-fast for Essential
9-fast for Premium

d o= =B
...... 1-PEIS

‘ E|Status Stopped | Time 0.0000 2 | Ewe -17.75m\ | | 04 | Buffer 0O | paint 040 | Eoc -17.75 my | freq OHz | Hange open cycle 1 Nz 0 | nec. . H

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T & [0.0 | Undersample: Off |21 523b/s 41
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Step 4: Set general parameters

Add information
and comments
about the cell

Note: All this information
is store in the data file

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry]
Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

"@@@HHTZS&G?Sanuls

Devices
+ = T
i WMP-3e - 106

E xperiment

Safetysady. Settings |
|| Cell Characteristics |

External Devices

Parameters Settings

> I NI

Cell Description
Electrode material
Initial state

Electralyte

Comments

Electrade surface area (4] (o 001 o

Characteristic mass IU'Um g ~
Wolume [ IU,DD‘I ot

Battery Corrogion M aterials
Masz of active material Ig'gm mg atx= ID,DDD

Molecular weight of active material [atx = 0] IU,UU‘] a
Atamnic weight of intercalated ion : |U'DU1 q

Acquizition started at : 2o = ID,DDD

Murnber of e- transfered per intercalated ions : |-|
far ax =1, theoretical capacity AQ= 26,802 méh

Battery capacity C = IEI,EIEIEI Ah -

Reference Electrode
SCE Saturated Calomel Electrode v l:l

Offset patential v, Mormal Hydiogen Electrode: 0,241 W

ERIE AN U E - R Nl

Somo ]| | srow: 9ab >

‘ |Status Stopped | Time 0,000 5 | Ewe 7176 mY | I 04 | Buffer 0 | Eoc -7IT6mY | 390 04k | P oW

nc 0O | Range open cycle 1

|VMP-3e |4|,,1n11 1106 |Ehanne|1 |Amplifier'Nnne EE Ei| Fead mode |g |n,n |L|ndersample'fo \21 540 b/s
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Step 4: Set general parameters

Electrode surface area has to
be set if the user wants to
work with volumic/surfacic
resistance (Q/ cm3 or cm?)
instead of resistance (Q)

Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry]

"@@H||T2355?8910111215

Cell Description

Devices

= 0 e Electrade material

i WMP-3e - 106 Initial state
Electralyte
Comments

®

Experiment I Electrode surface area [4) |g ool o
g

Safety/tdy. Settings Characteristic mass Igﬂm

Walume V] |n,on1 e

Battery Corrogion M aterials
Masz of active material Ig'gm mg atx= ID,DDD

Molecular weight of active material [atx =0]: IU,UU‘] g
...... 1-PEIS Atomic weight of intercalated ion : ID,DD1 g

Acquizition started at : 2o = ID,DDD

Murnber of e- transfered per intercalated ions : |-|
far ax =1, theoretical capacity AQ= 26,802 méh

Battery capacity C = IEI,EIEIEI Ah -

Reference Electrode

£

Cell Characteristics

External Devices

Parameters Settings

SCE Saturated Calomel Electrode v l:l

> I NI

Offset patential v, Mormal Hydiogen Electrode: 0,241 W

B eI B-N @@

Somo ]| | srow: 9ab >

‘ |Status Stopped | Time 0,000 5 | Ewe 7176 mY | I 04 | Buffer 0 | Eoc -7IT6mY | 390 04k | P oW

nc 0O | Range open cycle 1

|VMP-3e |4|,,1n1111ns |Ehanne|1 |Amplifier'Nnne EE ﬁ|Headmnde |g |n,n

| Undersample: Off \21 540 b/s
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Step 4: Set general parameters

Safety and
Advanced
Settings are
available here

Note: This windows is
different for the
Essential and Premium
INstruments.

) EC-Lab

Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

- [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry]

"@@@HHTZS&G?Sanuls

Devices Safety Limits Compliance v| + “lrg il @{ @'\| Jéﬁ - & v| ‘
&+ 512 For b3 |1 0,0 ms Modify on disconnected cells only |
- i
= w Ewe max nonoon v Ewe from | S o4 »
i WMP-3e - 106 3
Ewe ik 0,000 00 W oY oY
Ece from
I 0,000 00 i,
A0 10%
- 0,000 00 méh
[ . Muore information » >
Analog 1M1 max - |U,DDD i} W )
Patential contral
Analag IN2 max 0,000 00 W
Ewe w
Experiment Estack slave max |U,DDD 0o W
Ecell = Ewe
i |U,DDD oo W
‘ Safety/Adv. Settings | s S i
| Do nat start on E overload
Cell Characteristics
Record
External Devices Ecely
Energytad.h
Parameters Settings Analog INTA
Analog IM2A4¢
= T3 <o : .
Eecord external devices on Analog IN#
...... 1-PEIS
Electiode Connections Data Process
Maodify an disconnected cells anly | Online text export Configure
standard - Filter 57 Edit
WE /T4 Smooth an |D pairits
refl E Create one data file per loop
RE/efz ™2 [linked techriques anly)
’ |_|_ I\{ I\{\{ Ecel Cycles definition
CE.#'EIT.?;'IB Charge/Discharge
Discharge/Charge
Default
‘ | Status Stopped | Time 000005 | Ewe -7208mV | | 04 | Buffer 0 | Eoc -7208mY | 200 D&h | Foow ne 0 |Range open | cycle 1
|VMP-3e |4|,,1n11 1106 |Ehanne|1 |Amplifier'Nnne EE Ei| Fead mode |g |n,n |L|ndersample'fo \21 FEEhs L
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Step 4: Set general parameters

Record the impedance of
the CE in addition to the
impedance of the WE

Activate EIS quality

indicators
(available on Premium
or e-board potentiostats)

L Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry]

g"@@ﬁﬁﬁzsss?asmnuﬁ

Safety/Adv. Settings

Cell Characteristics

External Devices

Parameters Settings

Devices Safety Limits
2 For t |1 0.0 ms

+ = | 5 i

Ewe max
i WMP-3e - 106

Ewe min

I

18-Cal

Analog IN1 max

Analog IN2 max
Experiment E&ack slave max

Eftack slave min

| Dot start on E overload

Record

mooon Y
mooon
D
MO0000  méh
| DT

| DR
ooon v
ooon v

Compliance

Modify on disconnected cells only |
Ewe from

0% 104
Ece from

0% 104

Mare information >
Patential contral

Ewe w

Ecell = Ewe

Ecely
nergy e h
Analog IN1A8

B eI B-N @@

Sobcw___ ]| Liswow: [N 45 b

Record external devices on Analog [N

Analog IM2A4¢
# = T2 - .
Eecord external devices on Analog IN#
...... 1-PEIS
Files
Electiode Connections Data Process
Maodify an disconnected cells anly | Online text export Configure
standard - | Filter 57 Edit
WE /T4 Smooth an |D pairits
refl E Create one data file per loop
RE/efz ™2 | [linked techriques anly)
’ |_|_ I\{ I\{\{ Ecel Cycles definition
CE.#'EIT.?;'IB (%) Charge/Discharge

() Discharge/Charge

EIS quality indicatars

We recommend the use of EIS quality indicators (THD, NSD, NSR) to help

to quickly assess the validity of the impedance measurement.
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Step 5: Launch the measurement

Click on D> to
launch
experiment

Note: All the settings may be
changed during the expéeriment
(Modify on the fly) except Irange,
Erange, bandwidth and single
sine /multisine

&) EC-Lab

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

- [VW5P - 10.11.1.102, channel 5 - experiment: <no name> - technique: Potentio Electrochemical Impedance Spectroscopy]

"@@@H|1234|T

Devices
+ = B = e
----- 0 W5P - 102

Experiment

Safetyiddy. Settings

Cell Characteristics

External Devices

Parameters Settings

d o= =B
...... 1-PEIS

I R

@ ] Tum o OCY bebween techniques 17

L3

=

1]

E xcitation signal mode

SetEweto E= 00000 ¥ ¥ Eoc T
fortg=[0 hj0 mn [oooo s
[ Record every di = 0000
o dt= ID,DTS

Scan fiom fi= 200000 kHz v i)
to g = [100,000
wih Ng=[§ paints
[ zpacing
sius ampltude ¥a = [f00 my [ime ~ 7.07 mv)
wait far py = [070  periad before sach frequency
average Mg = |2— measure(z) per frequency
drift carrection []

Bepeat ne= ID time(z]

Limits & =

E Range = [0V 10v v

Sarokiie = G 18w

[~ 1mn33s / 2can]

Gobackto seq Mg = ||j (RTET ende dhyaimasl

for mp = ||j time(s] A7 st sagmesicsl

[ increment cycle number

B L8 g-2- Q|

| 4|0 >

‘ E|Status Stopped | Time 0,000 5 | Ewe -1783my | I 04

| Buffer O | paint 070

| Eoc -17.83my | freq OHz

| Range open oycle 1

Nz 0

[veP | 10111002 | Channel 5 | amplfier: None | E15 = [T &

|00

| Undersample: ff 43188 bts




Step 5: Launch the measurement

Load techniques with same
settings using a .mps file
created when launching the
experiment

Stop experiment

Status of experiment is
displayed (Stopped, Paused,

O
(o)
o]

—

9

a

©

Pause experiment

W
N
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Step 6: Add additional experiments

) EC-Lab
L Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

- [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry] -

g"@@ﬁﬁﬁzsss?asmnuﬁ

Click on
IC O Devices [ Tum to OCY between techniques 1

E-| eI’ g B

a7

i \MP-3e - 106

\

button to

wi| | show : v 4 >

> {= Electrochemical Techniques
~ = Electrochemical Applications
> {3 Batteries Testing
> [ Supercapacitor
> (g Photovolaic/Fuel Cells
» gt Conosion
~ g Custom Applications
i Polarization Resistance - PR
Stepwise Potential Fast Chianoamperometty - SPFC
L dnodic stripping valtammety - A5V
: FRDE rotating speed effect

add more
techniques

E xperiment

Safetyiady. Settings

Cell Characteristics

External Devices

Parameters Settings

Order of
execution

Insert Technique Load from default Custom Applisations

O Before [A Safetyssav. Settings [ Extemal devices
(@) Ater [7 Cell characteristics

[Fename || Add [ Remave| [ Steck

|

appears in

the
technigue list

dnd flnd it under'EIéC

et - My protocol

You can save personalized protocol to technique list with

(in the main bar menu Experiment)
rochemical Application - Custom

‘§|5tatus Stopped | Time 0,0000's | Ewe 7071 m¥ | I 04 | Bufier D | Eoc 7071 mi | G00

04+ | P 0w | nc 0O | Range open cycle 1

[vMP3e [ 210110108 | Channel 1 [ ampifier-None | E15 =5 TR | o [0

|Undersample' oif |21 BEabis L
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Step 7: Read the graph

@ EC-Lab’ - [V5P-300 - 10.11.1,107, channel 6 - experiment: peis2 - technique: Potentio Electrochemical Impedance Spectroscopy]

= Experiment Edit View Graph Arﬁ\ysls Tools  Config Windows Help & Manuals

Graphics are e

. . B e IR 2| B[] e 40
displayed in I
real time

2500

2000

Data are
e AN

saved in .mpr
file TN

-Im(2)/0hm
o
]
\
e

0
-500
-1 000
2000 4 000
Re(Z)/Ohm
Status EIS Time 1213085 | Ewe 3338 mY | 550,3n& | Buffer 2 point 29/ 31 Eoc 120,7 gy freq 1.5Hz | Range 10pA cycle 1 Ne 0 .. n. .
[VSPA00 10111107 | Chamnel6 | Amplfier: None | Ceble: standard | Grounded | EIS | MNo#RG )| Feadmode | n [ 1533089 | Underzample: Off |24 607b7z 4
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Step 7: Read the graph

&) EC-Lab’ - [Graph] - o X
Browse though @ Expeniment Edl View Graph Analysis Tools Config Windows Help & Manuals -
‘BB G 12 3 4 F

the graph

(Filter, Scroll, Cursor,
Selection, Zoom +, Zoom
-, Autoscale)

=
B -

“Jifl A @. Q‘ ‘Eﬁl M- | Myaquist Impedance ~ |I Show : | = 40 »
| EBode Impedance A

Myguist Impedance

Black Impedance peis_CO06.mpr

Elvs.t —=im(Z] vs. Re(Z}

Bode Adnittance

Myquist Admittance

Black Admittance |

Resistance vs. t [

EIS quality Ewe

EIS quality |

[Ewel harmanics vs. freq

Modify the graph koo

(Selector, grOpth 2000 Bode Capacitance N— | .

Capacitance Cole-Cale

i Bode Modul ‘
properties, Modis ol o

representations) Bode Permiivly

Permittivity Cole-Cole
1 500 1 Bode Resistivity

Resistivity Cole-Cole A

2500 A

1000 A

N \

Show only selected
cycle

-im(2)/0hm

-500 -

0 2000 4000 6 000
Re(2)/0hm

Time 15.0518¢ | Ewe 2047 pV | 04 paint 31431 Eoc 2047 1 cycle 1 MNs 1 [
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Step 7: Read the graph

= Copy graph
as a picture
with a right
click on the
graph

&) EC-Lab’ - [Graph]

& Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

BEBH [ 1 25 4]s

SR I o WERE RO

% B | [Mmsimpeince o] wews 40 b

W &

2500

2000

1500

1000

-im(2)/0hm

500

X b AEEDx B

B

T

Plot

Mouse Mode
Autoscale
3D...

Analysis
Comments

Hide OCV Points
Hide Selected Points
Show All Points

Load Files...

Add Files...

Remove Trace

Save Data File As...
LOG (History)...

Edit Cell Parameters...

Load Settings On Channel >
Add Graph

Remove Graph

Print...

Graph Properties...

Undo Graph Properties Ctri+Z
Redo Graph Properties Ctri+Y

»
»
»

peis_Co6.mpr
= |m(Z) vs. Re(T)

»

»

Alt+0

Alt+R
Ctrl+S

Ctrl+P 7] Copy Data

Alt+P

Copy Graph Advanced...
B3 Copy Z Data (ZSimpWin)
¢sc Copy EIT Data (Condecon)

Alt+D

6 000

oo
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Step 8: Analyse the data with Z Fit

= Analyse
with Z Fit

Note: Analysis
is available
either in the
main tool bar
oras a
shortcut in the
graph bar or
with Fé6

”
4
|

) EC-Lab - [Graph] ] X
ZFit - Bio-Logi X
& Experiment Edit View Graph Tools Config Windows Help & Manuals .JT . eae Ik - &%
nputs
BEEGE ‘ 1t 2 3 |¥ Math 4 ] Mt s &= ®
- General Electrochemistry 4
B |[h O ] Q| | Gt serochemisty .
[ Batteries A ZSim.. F7
Photovoltaic / Fuel Cells MU Mott-Schottky... F5 / Pele-SORmpT Eelect [T -
Supercapacitor »| 7 Compensation g Equivalent circuit selection
e Corrosion | & Kramers-Kronig... fil -
2 000 . o 71 Edit Load Save
Show Analysis Results... hsts i
f 5 it
h
1 800 / Results
paran, [sel|sign|value 3 std
R1 M+ [1e3 Ohm i
1600 —— :
2 EC-Lab - [Graph] = O X
‘6,7_( Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals ; - 5%
R ] O O F l O
i~ l 4{; T 8§ Ql B~ "& i 2 zll Nyquist Impedance | |show : |\ CRET > =
Math 8 D
General Electrochemistry 4 peis_CO06.mpr
; Flectrochemical Impedance Spectros » 5 N(Z) vs.Re(Z)
@ Batteries
2000 Photovoltaic / Fuel Cells P Mott- Schottky... F5
Supercapacitor »| 7 Compensation
1 800 8 Corrosi r A ;vlamers-l(ronig... F8
. nst..
Show Analysis Results... - %2 ot s -~
1600+ = = =T }‘.2.f|2|2 e Cycle
‘ Iterations  xuwn

Did you know? Z Sim (available in Analysis) is a powerful impedance
simulation tool. It can be helpful to learn more about equivalent

circuits.
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Step 8: Analyse the data with Z Fit

%_2) EC-Lab - [Graph] + ZFit - Bie-Logic I} e
ﬁa Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals Inputs
BEE | e [ Multi fles E‘::I %
Cll:k on Edit SN PR R e s Rl
‘..I.. peis_Cos.mpr
o Select cycle
t O S e | e Ct t h e + Bquivalent Circuit Edition - = = Equivalent citouit selection
Search Edition [R1 »
. Display Circuits ‘With : Zacircuits | 1= editor ‘ Load
equivalent SR reman R
it
El i ¥
L I:I sment(s) - Graphic editor Results
. . O Application = R E| P h param.|[sel [sign|value unit std e
. 5 =»R/C
< I r< l I I Al Circuits I R + 1e3 Ohrn HEHK
Elements s O
F1+C1/(R2+C3/R3) A
F1+C1/(R2+Q3/R3) 1 E
F1+C1/(R2+R3Ma) T
F1+C1/R2AHCI+R3) g
F1+C1/R2ACI+WE) - Il 11 -
R1+C1/R2AL3+R3) i A L O
R1+C1/R2A03+R3) _| |_ A d— ce C3 " O
F1+C1/RE/R3+3) Rl —1 - O
F1+C1+C2{R2 +W2
4 ) _))_ R2 R3 o
1 O
F1+C2/R2+03/R3
F1+Q1/(R2+C3/R3) v —G—
Description Gy
Impedance " —Mh—
Zf=Ry+—He . Rs
T+i2nfRaCa T+i2nfRsCs —Me
Myquist Diagram (-Im(Z) ws. Re(Z)) —M—
7 " PzeudaC
leg= —— —W— =
y 3 2nRsCs W )(Z s NN wew
—W; )(2,," |z|2 e Cycle ey
W= lterations  wws
nf
1Rzt R
order Cg < Ca ||
Equivalent circuit(s) —
B1+C1/AR2+C3/RY
R1+C1/R2/C3+R3 1
F1+R2/C2+C3/RY N
& 0K “ Cancel
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Step 8: Analyse the data with Z Fit

Sort the circuit
in the list

Build the circuit

Write the circuit

+: elements in series

/- elements in parallel

(): several elements in series
or in parallel with each other

) EC-Lab - [Graph]

@Expanment Edit View Graph Analysis Tools Config Windows Help & Manuals

’@@H|12345

/" ZFit - Bio-Logic
Inputs Ik
[ Multi fles |:‘::|

Select cycle

Equivalent circuit selection

[A1

Fit

Results

param. |zel |sign |va|ue unit std err

R1 +  1ed Ohm HEHR

| R - 2| B (it ]| s B
‘..I.. peis_Cos.mpr
I T Ral Ty
+/* Equivalent Circuit Editiol - [m|
Search Edition )
Display Circuits With : 28 circuits 1 =t editor
ME 2 Element(s) | |R1ec2mzecams I+Fuc-vﬁ}
Graphic editor ‘
o T =8 oE m & h»wc
AN Circuits ﬂ
lements
R1+C1/R2+C3/R3) ~
R +C1/(R2+Q3/R3) 3
R1+C1/(R2+R3M3) T
R1+C1/REACI+RI) .
| ks BN s W (-
R1+C1/R2/LI+R3) W {1 {1
R1+C1/R2/(03+R3) - A— 2 3 "
R1+C1/R2/R3+W3) R —
R1+CT1+C2/(R2 +\W2
% ) 2 R2 R3
—G—
R1+C2/R2+Q3R3
F1+01/(R2+C3/R3) v —G—
Description Gy
Impedance " —Mh—
Zf=Ry+—He . Rs
T+i2atRaCs  T+i2nfRsCs —Me
Myquist Diagram (-Im(Z) ws. Re(Z)) M
Yy
0 + : inkers
By Ry*Ra Ry+Rz*Rs
order Cz ¢ Cy
Equivalent circuit(s) —
E1+C1/R2+C3/RS
R1+C1/R2/C3+R3 1
B1+R2/C2+C3/RS b

& 0K “ Cancel

o e

PzeudaC

)’Z s X.I’\"’E A

2 2
#1z| e Cycle ey

Iterations  xeee
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Step 8: Analyse the data with Z Fit

By Ec-Lab - [Graph] - O X
1(/SZEExperiment Edit View Graph Analysic Tools Config Windews Help & Manuals - 8 x

C||C|( on BEBE (1232456
B 4 b TR~ | D B[ fomstinpenee ]| shon: >

m ) n M M . b.... -J" ZFit - Bio-Logic =
I I I I I I Ze O I . Im(z) us. Re(Z) Inputs
iz_CO6. = pgiz_C06_zfi. #
e piz_COG.mpr peis_COB_zfitmpp Mol les & %
the data 20004 ) 3
1800+ Select -cunent v cycle B
Equivalent circuit selection
1600 4 =
1400 Fit and Options '
~
Results
1 200 7 param. sel|sign|value Linit std e ‘lamk | ~
£ A ~ 458 Ofm — 072
g C2 + 21736 F R 06539
= 10004 Rz + 356 Ohm o 0,561 4
u 3 + 91283 F R 04361
£ R3 + 9966 Ohm R 1
£ g00- O
g
600 1 —&
1 v
PzeudoC Sort parameters by
400+ . -
e 4191 Ohr? XIVN 3677 Obm
wlzIF 022833 Gk 1
200 ] Iterations  BO00 [LK std err 100)
Note: xx_zfit. mpp 0 ——
. —_ . |

temporary file is 1000 2000 ROl 4000 5 000
generated. It can be i | | ‘ ‘ | | |
Status Time . Ewe 1. Buffer . Eoc freq | Range El Tech

d fil
save as mpr e vpaon [ETIEER chervels  Awpifer:None | Coble: stondard | Grounded | 15 | apc O [T 2 smais Undersample: Off |0 bés i
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Step 8: Analyse the data with Z Fit

By Ec-Lab - [Graph] - O X
P Bxperiment Edit View Graph Analysis Tools Config Windows Help & Manuals & x
BEGE ‘ 12 3 4 5 F

Eo| ¢ B TR E o | B B [misipstee ]| s R

‘____ -J" ZFit - Bio-Logic b
- -IM{Z) us. Re(Z)
e peis_COGmMpr == peis_COG_zitmop #

Inputs

[1 bult files |£:| %

3 kinds of method to fit and 5505 | L
a randomize to find initial ‘

VOlueS Of the flt 180f Fit and DptanS " /\— Se\ect c.ycle P
1 60 MEthl:llj |Hand|:lmi2l3 + 5|IT||2||EH V| ) Equivalent circuit selection |
140 Stl:ll:l randDmiZE an |5|:||:||:| itEfatiDnS Edit Load Save

! I Fit and Opi 1
Stop fit on |5|:||:||:| iterationz L HeE I =
1 20 2 | |param. sel|sign|value Linit std e ‘lamk | N
E WEIght A1 + 4358 Ohim s 08372
9 100 tonte-Carla with: 100 simulations E ;22—+ L
N i . § ; C3 + 91289 F HHiH 04981
£ fitted with |'| aa iterations w R @+ 9%BE  Ohm w1
E g0 o
[ Ak for fitting results file name (7. cav) 75
60 [ ] Automatically open fiting results file 7. cev) 1 O y
- PzeudoC Sort parameters by
400 45 -
% 4131 Ofe ZIVN 3877 Ohm
Z—
i I|Z\ 0,228 33 Cycle 1
200 1 | Mterations 5000 (LM std e, 100)
0 S
I
1000 2000 3000 4000 5000
Re(2)/0hm
‘ |Slatus | Time . | Ewe ‘ . ‘ Buffer . | Eoc | freq | | Range El Tech

vpaon [ETIEER chervels  Awpifer:None | Coble: stondard | Grounded | 15 | apc O [T 2 smais Urdersamgle: Oif | 0 b/ i
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Step 8: Analyse the data with Z Fit

Take over the
results during

fitting process
= Unchecked

"Sel" to keep

a value in
the table

= Choose +/-
to force sign
of a value

) EC-Lab - [Graph] - ]
@Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

'@@H|123455

EREYY - DU PN -l IR

o ZFit - Bio-Logic *®
}.... -Im{Z} vs. Re(Z) |
il - pgis_COBMpr = peis_COB_zfitmpp # L
[ Ml fikes: E‘::I 9%
20004 3 F
1800 1 -
Select cycle
Equivalent circuit selection
1600 - -
[F+ca/mzscams v
1400 1 i i -
Fit and Options -
Results
E 1 200 ] param. se\lslgr walue unik std err. |rank ‘ ~ (B
= R1 + 4957 Qb 0,263 0,837 2
(o] Cc2 + 912%e9 F 28812 (04961
= 1000 B + 9B7 O 04384 1 A
N 3 + 217266 F 22769 06899
R3 + 35595 Ohim 06675 05814
£ 300 4
|
600 O
Il w
Pseudol Sort parameters by:
400 4 — i i
pia 4033 Ohn? XINN 3607 0hm
Z 1 a?
*INZ 0.234e-3 Cycle 1
200 qoc izl
Iterations 5000 (LM std er. 100]
0 S
T

1000 2000 3000 4 000 5000

Re(Z)/Ohm
| |Status . | Time . ‘ Ewe . | [ | Buffer ‘ freq | Eoc ‘ Q-Ga Range Mz ncl

vspao [ETEERRN| chaels | Ampifier None | Cable:stendard | Floatng | E1s | aRc o [EYETTl 2 19013 Undersample: Off |0 b/s a
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Step 8: Analyse the data with Z Fit

D EC-Lab - [Graph]
1(/SZEExperiment Edit View Graph Analysic Tools Config Windews Help & Manuals

BEGE ‘ 12 3 4 SF
B¢ R B~

P e R

‘____ /" ZFit - Bio-Logic x
ik -Im{Z} vs. Re(Z} InpLts
e pis_COGMpE == peis COG_Zftmgp # [ Wk fles LJ;: %
2000+ — =
1800 Select -cunent v | cycle 3
1 600 Equivalent circuit selection
1400 Fit and Options “ B
Results
E 1 200‘ param. sel|sign|value it 2N
. Fl v+ 458  Ohm
Rank the importance of the 5 ot
. . = 10004 Rz &+ 3m8 O
element in the fit N 5@ o
F3  |v+ 9966  Otm
£ 500 I
= O
O
] e a
600 O .
- SR—
% 4191 Ohn? 7N 3577 Ofm
2 2z
®zIT 022833 Cycle 1
200 1 | Iteiations 5000 (LM std e 100)
Calculate (no fitting) using . E]C| B
I

parameters entered in table 1000 2000 3000 4000 5000

Re(2)/Ohm

‘ |Slatus | Time . | Ewe ‘ . ‘ Buffer . | Eoc | freq | | Range El Tech

vpaon [ETIEER chervels  Awpifer:None | Coble: stondard | Grounded | 15 | apc O [T 2 smais Urdersamgle: Oif | 0 b/ i
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Step 8: Analyse the data with Z Fit

= EC-Lab i - [Graph] — m] x
i{ﬁE&per\ment Edit View Graph Analysis Tools Config Windows Help & Manuals - 8 X

@@H‘lzsntss

SOVG the B -]+ BRG] B @ Fommme ]| se 0 B

. [@ *Sans titre - Bloc-notes -~ O ® +f* ZFit - Bio-Logic x
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copy/paste _ _
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std err. R2 = 0,4984479068 Ohm Fit and Options =~
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600 Select: current cycle 7% v
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For supplementary information

Visit our website! Documentation list
= What is EIS? (article)

= How to make reliable EIS
measurements? (article)

= Application Notes

= EC-Lab Technigues and Applications
(manual)

= EC-Lab Analysis and Data Process
(manual)

- BioLogic

Extend the capabilities of your
Instruments. .

A wide range of ancillary and accessories

Master the full measurement chain using high quality battery cyclers and
potentiostats.

| Biologic - t eaming center  Support  About L ent

7% Documentation

I .
Documentation.
A wide range of support material to help you get the best out of your
equipment

Did you know? Free update of EC-Lab®

Biologic has prepared a wide variety of 1o help you better your
i as well as applicati iented ications relevant to your project. In this section, you  [ill
will find application notes, technical notes, whif and other iti you will find
multimedia communications such as online tutorials and seif-help videos in this section. We regularly
add new support documents to this website so don't forget to check back regularly. You may also want
to subscribe to our newsletter to receive all the latest articles and videos published by Biologic.

are available on our website.

Application notes - Brochures - Cotalogs - Citations ~ Support Videos + Technical notes — Tutorials + User manuals ~ White papers

www.biologic.net



http://www.biologic.net/

Need help?

Helpful information to get when
Contact us contacting support center:

= Serial number of the instrument
(located on the rear panel of the device)
= Software and hqrdware version

you are currentIE/ using (on the Help
menu, About on EC-Lab

= Operating system on the
connected computer

= Connection mode (Ethernet, LAN, USB)
between computer and
instrument

©BioLogic

27 mars 2024

Contact - BiolLogic

£
oo



https://www.biologic.net/contact/

How to adapt presented PEIS parameters on other EIS

techniques?

What is the difference between PEIS, GEIS and GEIS AA?

What are the advantages of using multisine ?

How to optimize the setup?

How to ensure the reliability of the measurements?
How to select an equivalent circuit?

How to measure impedance on stack cell?

27 mars 2024
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How to adapt presented PEIS parameters on other EIS

techniques?

EIS techniques
are designin @
similar way

As control
modes differ
(potentio or
galvano),
related
parameters
have to be
adapted

Potentio

Galvano

s PEIS

JAvAVAVA

Eve

SPEIS

tz EIS

Ed— — —— — e
Y

= B h B m fom s

[ Record even dE = |D,DDD i

and dt = |u,uun T

to Ef =
with N =

1.0000 0V

: Ei
k
[» SetEweto E= IOOND ¥ s Scan | fram 1j = [0,000 Imd v | v Mones v
for tE = [0 hfo~ mn f[oooo s to If = [0.200 vs. | <Nones
[] Recard every dl = |D,DDD with M = |‘|D current steps
or dt= IW T
For each curent step u
‘Wwait for g = IU h IU_ mn |5,UUU H
Becord every dE = (0000 i
o dt = |n,1nn H
I
‘ GEIS t SGEIS
—— —_ bz EIS
la et
= — —— L
IEI
I
[ ',
Setlto 5= [0,000 vs. Seanye fom Ej = [I0000 ¥ v

|2D potential steps

For each potential step

‘wiait for bg =
Becord every dl =
or dt =

[ h o
o000
[o1o0 s

mn I5,DDD B

E

s PEISW
AT

Do PEIS measuremenl b at

Ewe = |0,0000 Vows. | Ref ~

t = [io.000

inus amplitude ¥5 = |‘| 0.0 mv (s 707 mi)

wait for pey = |U,U|j period before eac h& eeeeeeeee t
average Ng = |2 MeasLre| (2]

Until 2] Zlim
Zhm = 0000 kOhm v
of for by = IU h IU_ M ID,DDD z

record data
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What is the difference between PEIS, GEIS and GEIS

AA?

In most cases, performing measurements in potentio or galvano control are equivalent. One of the
difficulties comes from finding the right sine amplitude:

= High enough to induce a significant amplitude of the response
= Small enough to keep the linear behavior of the cell

Control mode Potentio Galvano Galvano (with amplitude
adaptation)
Sinus amplitude to set Input Va (mV) Input la (MA) Output Va (mV)
Sinus amplitude value 5-20 mV (small amplitude)  Small current amplitude 5-20 mV (small amplitude).
(depends on the system).  Automatic modulation of
Rule of thumb 10% of the input current amplitude to

discharge/charge current  output voltage amplitude.
for batteries

Use Most applications Low impedance system, Avoid non-linear behavior
system that change with
time (battery, corrosion...)

Note: To go further, refer to PEIS or GEIS or GEIS-AA? (article), AN#49, AN#09



What are the advantages of using multisine ?

Multisine is a sum of
sinus. The advantages

dre.
= Reduce time of the
measurement
= Avoid drifts for non-

steady state system on
measurement at low

frequency

é Note: To go further, refer to AN#19

N k-1
ut)  w(r)= 4> cos(2M0f,t+ ®@,) with the phase @, — @, — 211

Upg

(k—m)

k=1 n=1




How to optimize the setup?

Verify the impedance measurement accuracy of the setup
(To go further, refer to AN#54)

Add booster (for system with low impedance) or low current option
(for system with high impedance) if needed

Use a Faraday cage (connected to the ground of the
potentiostat) to protect the cell from any external disturbance
(especially for low current measurements)

Avoid extended cable (capacity of the extra cable is added and
affect impedance measurement at high frequencies, bandwidth is
affected too)

Use 4-point measurements (contact resistance not negligible for
low impedance system)

Note: To go further, refer to AN#05
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How to ensure the reliability of the measurements?

System is stationary System is linear Limited Noise
respect

Explanation

Actual signal
Time record
Assumed response

Amplitude spectrum

Quality
[Wellelertaj | Distortion) has to be low  Distortion) has to be low  Ration) has to be low

] u... H, \ A1 L., - I
Laere sggi%— it V‘Zij"t Linear NON-linear % r?/o—’/ttsg
NSD (Non-Stationary THD (Total Harmonic NSR (Noise to Signal

to check

Possible =Ny NV 2V,
elailelalhie Il Use multisine 2 Ng

take

Note: To

Use drift correction

Check the value of the AC (|I| and |E|) and DC (<I>
o further, refer to AN#64, ‘ and <E>) current and potential in the graph

AN#65, AN#69 and AN#17 selector (unchecked "hide additional variables”).




How to select an equivalent circuit?

There are many different electrical equivalent circuits which
correspond one impedance diagram

The effectiveness of the process is dependent on the ability to
choose the best circuit representing the physical reality of the
system being studied

A sensitivity feature, « Rank » in the results of Z Fit, was developed
to help to assess the importance of each element in the fit.
Generally the less elements in the circuit, the better it is.

Note: To go further, refer to Z Fit tutorials (videos), How to choose the proper equivalent circuit
(articles), AN#14, AN#45
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How to measure impedance on stack cell?

Simultaneously assess a whole
stack and each cell behavior
with stack mode (in Edit menu)

Connect leads to master
(stack) and slave channels
(each elements)

Impedance of the stack is the
sum of the impedance of each
element

Note: To go further, refer to AN#59 and TN#27/

Group / Synch / Stack / Bipot >
Channel 2 in miode with ;
Devices fChannels 1 2 3 4 5 & 7 & 9 10 11 12 13 14 15 16
VSP - 102 OO0 080
|
=
<)
1 E1
[ select all channels of V5P - 102 device )
Select all channels of all devices [ ———mF——
Stack master 4 |2 » @
Mumber of measured elements in the stack 4 2
E2
Lo || o
- 5
@
3
E3
&
N
@
4 E4
o
[

master CH1 CAZ, Refl
slave CH2 Refl

slave CHZ Ref2 zlave CH2

slave CHZ2 Refl
slave CH3 Refl

slave CH3 Ref2 slawe CH3

slave CHI Refl
master CH1 CA1, Ref3, Rel2
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