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Getting Started with EC-Lab®:
GCPL: Galvanostatic Cycling
with Potential Limitation
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The aim of this presentation is to guide the user to set the appropriate parameters
to perform a GCPL technique

NOTE:

The GCPL technique is dedicated to battery/supercapacitor testing. It is the so-
called GITT (Galvanostatic Intermittent Titration Technique). It is a CC-CV technique
(CC: Constant current; CV: Constant Voltage).

Only GCPL technique will be discussed hereafter but the information given in the
presentation can be adapted to GCPL-like techniques (GCPL2 to GCPL7).
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Ereloene PROCEDURE

Insert the GCPL technique

Insert other(s) technique(s) if needed
Set the « Advanced Setting » tab

Set the « Cell Characteristics » tab
Set GCPL technique

o vk w N e

Start the experiment

NOTE:
It is assumed that the computer and the instruments are connected. This is explained in the Getting Started named
“EC-Lab’: Connection to the instrument(s) & Channel(s) selection”
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BioLogic 1- Insert the GCPL technique

EC-Lab V10,21 - [VMP3 - 192,168.0.1, channel 1 - no experiment]

; . Experiment Edit View Graph Analysis Tooks Confip Windows Help - 5%
* In the experiment frame, click on BEBH T7TTT e 7 e s nnunwE®
H Leibes Bl IS AW D G (s >
the 4  button to insert the * = S EB| et
~ o VHIEAE l.;:.?-’mmmm please select one of the folowing
new technique. -

Parameters Settings

o =3

insert new technique ll

Stolus . ‘ Time. . | Ewe | 1. ‘ Bufler . [ £ |0[]u |Range .

wri [T Ctevell 8| Resdmode € 0,0 Ob/s
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BioLogic 1- Insert the GCPL technique

Scien

-Select “Galvanostatic Cycling  with

Potential Limitation — GCPL” technique =iy seioii ° ! oy =
available in the “Battery Testing” folder. ol Tonmmie i | |
=+ Ohmic Drop Determination \ ls H

The technique is highlighted in blue 5 5 Eloctiochentcal Appieat
When Selected =3 Batteries Testing

=
YEIng t
Gal tatic Cycling with Patential Limitation 3 - GCPL3 it 1 e
alvanastatic Cycling with Patential Limitation 3 -
. ” ” S S
° Cl IC k ont h e O K b utton Galvanostatic Cycling with Potential Limitation 4 - GCPLA “ol
Galvanostatic Cycling with Potential Limitation 5 - GCPLS This techrique carmespands to battery cpcling under
Galeanostatic Cpcling with Potential Limitation & - GCPLE gakearostatic mode [essentially). The current is imposed but
Galvanostatic Cycling with Potential Limitation 7 - GCPLY zome potential limitations are pozsible for both charge and
Constant Load Discharge - CLD dizcharge. &t the uzer's convenience the potential limitations
Constant Power - CPwW can lead to different options, The experiment can skip to an
. open circuit potential period or to the nest imposed cunent
Altema.te F'ul§e Gal\-’anc! Cycling - APGC sequence. The expenment can switch from imposed cument
=g# Patentio Profile Importation - PPI mode to imposed potential mode by maintaining for a given time
=g Galvano Profile Impartation - G the potential of the working electrode at the limit potential, once

it iz reached. This technique can be uzed for galvanostatic
intermittent titration techniques (GITT). GITT measurements
consi_st in applying successive cument value [the zame for all the

=g# Resiztance Profile Importation - AP
=g# Power Profile Importation - PPl

Maodulo Bat - ME expenment] and open circuit period with relatively short duration.
| Photovoltaic/Fuel Cells .~ This techrique is used in charge and then in discharge mode n
Inzert Technigue Load from default Cuztom Applications

() Before Advanced setting [ External devices
(®) After Cell characteristics
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BioLogic 2- Insert other(s) technique(s)

Science Instruments

* Click on the ¢ button to insert any
additional technique(s).

Note: it is possible to remove a
technique or to move technique before
or after. First select the technique that
you want to remove/move (the
technique will be highlighted in blue)
and then click on the appropriate button.

4 To add

= To remove

s» To move before
f  To move after
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EC-Lab V10,21 - [SP-300 - virtual, channel 1 - experiment: <no name> - technique: Galvanostatic Cycling with Potential Limitat.. E]E|M

Epenment Edit ¥iew Graph Analysis Tooks Config Windows Help

——
BE&EW 12
) Cel Description =
Loz E e IR S - [E B |seecm
Electrode matesial
F-cOes Iritial stae
Electioipte
& SP300 - vitual
& VMP3-1 Comiments

Electiode suface aea [0001 | e (v
Expesimert Charactesisbc mass 0.001 g v

Advanced Settings

Mass of active material [70D0000 mg atx= [1.000
Poramelers Selings Moleculas wesght of active mateial [+ x=0]:  [30330  g/mal
Atorric w
* - = At
.GCPL Numbes of
fioq Ax=1

Parameters Settings

Battery ca

Reterence E# "T‘q{}:'

(unspeciPem
Offset potenial va. Nowmal Hyckogen Elecirode: 0,000V

> Record
[JEce
O P .
) Andlog IN 1 52 E"“T 1
[ Andlog IN 2V
Eecord extemal devices on Analog INE gg

Status | Time | Ewe . | 1. | Bufier . | Eoc ‘ 000 Wi P, | Range .

SP-300 [EECN =Y Hodily mode e 0,0 ob/s

LI

el

ned

&5 x




Eﬁ!:s?umge:f 3- Set the « Advanced Setting » tab

. Click on the | Advanced Settings | tab.
Then the « Advanced Settings » window is
shown.

The most important parameters to set for
battery testing is the « Safety Limits »
block. When one of these limits is
reached, the experiment is paused (OCV
period).

Note:
This window is different for the VMP3
family and for the SP-300 family.

VMP3 family:
SP-50, SP-150, VSP, VMP3, CLB-500, CLB-2000,
HCP-803; HCP-1005

SP-300 family:
SP-200, SP-240, SP-300, VSP-300

VMP3 family

SP-300 family

Campliahce
Modify on dizconnected cells anly |

Ewe from -10 % J 1
Ece fram -10 W J 1w
Safety Limits

[JEyeman= 000 ¥

[Eugmin= 000 v

Clm= 0,000 mé,

[ 13-Qal=  Jo.00 mdh

[ &nglog N1 [max = | = ’W W
[JAnglogIN 2 |max  » | =000 W
[ E stack slave max = oo W

[JE stack slave min= [000

for t> I me

Electrodes Connection

Modify on dizconnected cells anly |
standard v

WE /CA2
refl

ol
REdef2 2 |
Ecei
refd
CE/Ca&1
Mizcellaneous
D Texst export
CIFiter 57 Edit
[ Smoathan [0 paints

[ Create one data file per loop (linked techniques only)

u—
Filtering

Ewe, | |60kHz  +

Safety Limits

O Epyamman = ’W W

[JEuemin= 000 v

Clm= 0.000 mé

(1 13-Gel = [0.00 mé.h

[ AndlegIN1 (max | =000 v
[JAnaogIN 2 [max  » | = o000 W

for t> 10 g

Channel Ultra Laows Current Option
() Floating High speed scan
(®) Grounded

Drefinition of high speed value
dependsz on the curent range uzed.
Electrodes Connection

kadify on dizconnected cells only |

skandard w

WE

F1

51
]

go e I
Ecei

53

F2

CE

Migzellaneous

[ Text export
[ Fiter 7 Edit
[ Smoothon [0 paints

[] Create ane data file per loop [linked techniques only)

D efault
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Science Instruments

VMP3 family

Compliance
Modify on dizconnected cells anly |

Ewe from -10 J my
Ecefrom -10 W J my

ﬂafety Lirnitz:

[ E emax = [0.00 W
[ Eyemin= J0.00 v

Clm-= oo ma
Oiego= 000 mah
[ &nalogIN T |max = | = ’W b
[J AnalogIN 2 |max  » | = ’W Y

[ E stack slave max = |0.00 k)
[] E stack slave min=|0.00 W
Q b 10 s

~

Electrodes Connection

Modify on dizconnected cells anly |
standard v

WE/Ca2
refl

o]
RE/efz "2 |
ECE i
1ef3
CE/CAT

Mizcellaneous

D Text export
[ Fiter 7 Edit
[ Smocthon |0 points

[ Create one data file per loop [linked techniques only)

Getting Started: GCPL

This allow the user to set:

* max and min voltages

*  max current in absolute value

* max charge in absolute value

* limit on the analog input, if an external
device is configured (described in the slide #23)
*  For stack experiment (only available for
VMP3 family), it is possible to use the voltage
of each cell as safety limits.

. « blink » period, t, means that the limits
should be reached during a certain period of
time (allow to not consider artifact).

The safety limits are active for the whole
experiment (all techniques) not only for one
technique. Other limits are available in the GCPL
technique itself.

These limits will be shown later in the section 4.

For a single cell, the voltages of a battery are
included in the range of [2; 5V] so in standard the
compliance of -10 to 10V will be OK. For stack of
battery, this may be adjusted from 0 to 20 V to
allow measurement up to 20V.

ﬁafet}l Lirnits \

\fort) 10 ms j

3- Set the « Advanced Setting » tab

SP-300 family

Filtering

Ewe.|l |BOKHz (=

[ E,emax = 000 W
[ Epemin=[0.00 W

On= oo ma

[1@-Gcl= [on0 mih

[ analogIN1 | max | = ’W W
[JanalogIN2 [max  » | =000 W

Chanrel Ultra Law Current Optiot
() Floating High speed scan
(@) Grounded

Drefinition af high speed value
dependsz on the curent range used.
Electrodes Connection

M odify on dizconnected cellz onlp |

shandard v

WE

P1

51
]

g _Me I
Ecei

53

P2

CE

Mizzellaneous

[ Test expart
I Fiter 57 Edit
[ Smocthon [0 paints

[] Create ane data file per loop (linked technigues anly)




. Click on the

then the

BioLogic

Science Instruments

« Cell

window is displayed.
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Cell Characteristics

tab.

Characteristics

EC-Lab V10.21

BEEW i[5
Devices
* = o @@

@ SP300 - vitual
@ WMP3-1

»

Hpenrnert
Advanced Setlings

Cell Characteristics

Parametess Seltings

»
Status | Time .
SP-300 off line

4- Set the « Cell Characteristics » tab

- [SP-30
Experiment Edit View Graph

2

Cel Diescig
Electrode
Imitial state
Eleclrobd

Reterence

(unspec]
Offeet poti

Record
[ EceV|
O P

[l Andlog
[ Andlog
Becord e

|Em

Chan

Cell Degcription
Electrode material
Imitial ztate
Electralyte
Comments

Electrode surface area 0,001 crE W

Characteristic mass 0.001 g ™

Batter <<

M ass of active material [FODD000 mg atx= [1.000
90930 gdmol

talecular weight of active material [at » = 0] :

Atomic weight of intercalated ion W a/mal
Acquigition stared at; #o = W
MHumber of e- transfered per intercalated ions : l'l—
for dx =1, theoretical capacity A= 1916.936 . h

0.000 &.h v

Battery capacity L=
Reference electrode

[unzpecified)

v L]

Offzet potential vz, Mormal Hydrogen Electrode: 0,000 %

Record

[] Ecesy Il

O Paw o WE
[ Analog IN 1A 52 WBT

[ Ainalog 1M 22

Becord extemal devices on Analog N8 53 CE

P2

- Ms .

el

ned

ic Cycling with Potential Limitat... [~ |5 ]
5 x




SB'O!'s?mge:f 4- Set the « Cell Characteristics » tab

—
Cell Description

Electrods material | |

* Information about the cell and some comments. it stote | |
Electrolyte
Camments

* Click on the button to display battery characteristics. Electiode suface area [0 | ont v

'''''' Characteristic mazs 0.001

Lﬁattew <2 l

Mass of active material |[FO00.000 mg atx= [1.000
Molecular weight of active material [at » = 0] ; 90930 gémol

H H Atomic weight of intercalated ion W g/mol
- (¢ ),
Yoq know the capacity of the battery, so the box « battery capacity » has to O T
be fl I | ed . Mumber of e- transfered per intercalated ions : 1
for Aw=1, theoretical capacity A= 1916 93F meés b
Battery capacity C= |0.000
NOTE:

All these infomation are stored in the data file.
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Elol i 5- Set the GCPL technique

EC-Lab V10,21 - [SP-300 - virtual, channel 1 - experiment: <no name> - technique: Galvanostatic Cycling with Potential Limitat...r:]@|®
. ; Experiment  Edlt View o elienio i il il =i
o CI IC k on th e Parameters 5 ettings ta b or BCEW I i Turn to OCY between techniques 11

Devices it Iy

directly on the technique GCPL in the |- oo 1? 12

Sedechor

list of technique(s). The technique is ssemvas | M 50 (F) Tumio 00V beeen ootriamss o1
highlighted in blue. + D
R ® Set || Turn to OCY techhiques ]
=
. By default GCPL technique contains D @) = [Ww] © 1o - Fomm [ v [«
three sequences (described in the next |*= "= foratmost tg = fio hfo mn joooo0 s
. Limit Ey < EM = 3000 ¥
S|Ide): Becod every dEq = 100 m
- Sequence #0 is a rest period 1 E o dt = fioo0oo s
- Sequence #1 is the charge (positive 1 HobEwfortm=Ti _ hlo jmn Jooooo s
. L Limit 1< Iy = 5000 |md v
current). Battery has to be charged first > ] Fecod evey dQ = G0 mih o
before being discharged. o dtq = [i200000 =
- Sequence #2 is the discharge (negative [ LRIEH > ARy, = 0 [k
@ > AR = [ooo
Current) Limit |4E ERange = |[10v:10¥ v ]
Rl Resataion = J57 3l
| Range = |14 -
. It is possible to add or remove sequence ®Limn " Bandvidth = 7 3
by clicking onthe ¥ buttons el
Staus . | Time . @ @ Rest for tg = |0 hfis mn jooooo s Ms . nel . ne2
P00 Linit |dEye /dtl < dERAdt = [0 mv/h
NOTE: @ Gol Becord every dER =[50 m¥
Il th be changed © o Emm
All the parameters may be change Givr iy s G
during the experiment (except Irange, ® =y
1 tEwe » EL= [3 Y ogoto
Erange, bandwidth). © PRV er® |
(4) Gobackto seq Nyt = i (%% ack tviiuey’
fomg = [0 timels] v ses sagaecel
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Elol i 5- Set the GCPL technique

Turn to OCY between techniques 1

a*

1z
* Rest period sequence 7 o — -
=& g = 3
for at most tq = h[i mn 3
Limit Ee > EM = [0000 ¥
Record every dEq = [0 m¥
or diq = 3
Hold Epg for kg = [0 h [0 mn 00000 =
Limt W< 1 = 000
Record every d@ = [0000
ordtg = [D0000 s
Limit 80 > AQ, = 7000
= Ax = [booo
ERange= | -10%;10% v|[.]
Harnisin = ZRT AR
| Flange =
B andwidth =
0 ——————
. . . Rest for kg = [0 hlo mn 00000 =
Only the OCV block is active in sequence #0. @: il < dE v pe |m7l_wh
LI 1 e R = 0
Becord every dEg = 27 ¥
NOTE: or dtg = [looon s
The block is blue, not grey. The non active \ ftg = Do 124Gy ot (47 y
blocks are in grey.
@ HEWE<EL=I7VQDID®
Here: This OCV will last 10 s or until the voltage @) Gobai v No = | Bk by
=AU LG U - g = b Sl 5
variation versus time reaches 10 mV/h R I e —
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Elol i 5- Set the GCPL technique

Turn bo OCY between techhiques 1

0 2 * Defines the applied current. It is positive for

* Charge/discharge sequence B

charge and negative for discharge. If the

18 Set || w| tolg = IW md W [WE | ZMoner | v . . . . “
cC period T T e | capacity gf t.he battery is defined in the “Cell

CC: Constant Current Linit Epe > EM = 500 ¥ characteristics”, the user may select a rate
Fecord every dE1 = [10.0 T instead Of a current.
or dty = 100000 = oot .

Set || v | tolg= [130000 |md v |¥s | <Mones v

e e e ' ostty = ilg hjo mn [0odoo s

3.000 W

Becord every d@ = [1.000 Mk CxM 1< EM
ardbg = [1zo0000 s

Lirnit [0 > AIJM = |0.000 mik
=2 MM = 0000

ERange= |0v:5Y v|[.]
| Renge = |12, 3 Irange has to be chosen according to the
Bandwidth = | 7 - current applied.
@ Bestfortg = [0 h[{5 mn [poooo = NOte:
Limit dEyye /el < dER/Adt = [0 i/ If several Iranges are set in the technique
Hecod evey dER = J100 ¥ (one Irange for one sequence 1 and

ordtg = 1200000 3

: another one for the following sequence),
i =G (Gl > adyy anio (£)7

an OCV period (block 2) has to be set
(3) WEwe < EL= [f200 ¥ aoto (1) between the two sequences. This will allow
the instrument to change the Irange.

@ Gobackto s=q. Mg = |n RIS e v
formg = [0 timelz] ARy e regaecsd
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Elol i 5- Set the GCPL technique

* Charge/discharge sequence

CC period
CC: Constant Current

Turn bo OCY between techhiques 1

o 2
(1) Set|| v tolg= [130000 |m& w|vs [<Nones v
for atmost k1 = [10 hlo mn joooon s
Limit Eyye > Epd = [4.500 ki
Becord every dEq = W i
o diy = 100000
Hold Epg for by = 1 hlo mn jooooo s
Limit Il < Iy = |0.000 m
Eecord every d@ = [1.000 mih
ardtg = 1200000 =
Limnit |40 > AQM = |0.000 méh |
=3 MM = |0.000
ERange= |0v:5Y v|[.]
St = FRT
|Range = |14 w
Bandwidth = | 7 “
(2) Bestfortg= [0 h[i5 mn [ooo0o s
Limit [dE s /dtl < dERAdt = o7 miéh
Becord every dEg = [10.0 ri!
ordtp = [1200000 =
i = or (0G5 Ay ao o ()7
@ FEwe <« EL = |4200 Y ogoto @
@ Gobackto seq Mg = [0 SRR e faviimaz’
formg = [0 timelz] ARy e regaecsd

Define the max voltage until which the
charge has to be performed.

Define the min voltage until which the
discharge has to be performed.

The sign “<" or “>” is automatically updated
according to the sign of the current.

Discharge until E,,
is reached

> <€— LimitE,,

Charge until E,,
is reached

Ewe

time
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Elol i 5- Set the GCPL technique

* Charge/discharge sequence

CC period
CC: Constant Current

Turn bo OCY between techhiques 1

o 2
(1) Set|| v tolg= [130000 |m& w|vs [<Nones v
for atmost k1 = [10 hlo mn joooon s
Limit Eyye > Ep = 4500 W
Record every dEq = [100 i
or dty = [10.0000 =
Hold Epg for by = 1 hlo mn jooooo s
Limit Il < Iy = |0.000 md
Eecord every d@ = [1.000 mih
ardtg = 1200000 =
Limnit |40 > AQM = |0.000 méh |
=3 MM = |0.000
ERange= |0v:5Y v |[.]
St = FRT
|Range = |14 w
Bandwidth = | 7 “
(2) Bestfortg= [0 h[i5 mn [ooo0o s

Limit [dEye /dtl < dER Adt =
Becord every dER =
or dtp =

0.1 i £h
10.0 Y
1200000 =

fEEo = Bar IEF 2 ALy e @f

@ ItEwe < EL = [4.200 Y goto @
@ Gobackto s=q. Mg = |n RIS e v
formg = [0 timelz] ARy e regaecsd

* Defines the sampling rate of the
experiment.

As battery testing may take several months
and voltage may be very slow, a sampling
rate in dE is also offered. Only the relevant
points i.e. when the variation of potential is
equal to dE are recorded.

TIP:

This dE has to be set according to the noise
of the experiment. If the dE is inferior to the
noise of measurement (induced by the
battery itself or the setup), all the points
will be recorded. This will fill the buffer
(every 200 us) with non-relevant data
points.

The user has also to pay attention to the
voltage resolution (defined thanks to the
Erange box, discussed in slide #18).
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Elol i 5- Set the GCPL technique

Turn bo OCY between techhiques 1

* Charge/discharge sequence - :

(1) Set|| v tolg= [130000 |m& w|vs [<Nones v
foratmost (3 = fo h [0 mn joooon s
Limit Eyye > Ep = [4500 ¥
Becord every dEq = W Y
or dby = [100000 &

Hod Eg for kg = 1 h[0 mn jnooon s * This block allows the user to complete the

CV period Rt 1< m = J0n00° ime: o8 charge/discharge in potentiostatic mode (in
CV: Constant voltage Record every d@ = [1.000 mih v

the first block the charge/discharge was

ardtg = 1200000 = . .
performed in galvanostatic mode).

Lirrit [0 > AQM = |0.000 médh v

<= Ax.. = [0000
L The applied voltage is the voltage E,, defined

ERange= |0%:5Y v|[.] . .
R ——— in the first block.
|Range = |14 w
Bandwidth = | 7 4 This block has its own sampling rate dQ
(charge change) and/or dtq (time) and also a
@ Bestfortp=jo  hfi6 m Joooo s | [jmjt on the current.
Limit [dE s/l < dEg/Adt = [0 mivéh

Becord every dEg = [10.0 Y

ordtg = [1200000 =
fEEo = Bar IEF 2 ALy e @f

@ ItEwe < EL = [4.200 Y goto @
@ Gobackto s=q. Mg = |n RIS e v
formg = [0 timelz] ARy e regaecsd

Getting Started: GCPL



Elol i 5- Set the GCPL technique

* Charge/discharge sequence

Turn bo OCY between techhiques 1

] 2

(1) Set|| v tolg= [130000 |m& w|vs [<Nones v

foratmost (3 = fo h [0 mn joooon s
Limit Eyye > Ep = [4500 ¥
Becord every dEq = W Y
or dby = [100000 &

Hold Epg for by = [T h [0 mn [ooooo s
Limit 0< I = (0000 |md »
Becord everp dB = [1000  |mah w
ardtg = 1200000 =

Lirnit [0 > AIJM = |0.000 mik
=2 MM = 0000

ERange= |0v:5v v|[.]
St = FRT
|Range = |14 w
Bandwidth = | 7 v
@ RBestfortg = [0 h[{5 mn |gooon =
Limit [dEyg /dl < dEgAdt = 37 mééh

Becord every dEg = [10.0 Y

ordtg = [1200000 =
fEEo = Bar IEF 2 ALy e @f

@ ItEwe < EL = [4.200 Y goto @
@ Gobackto s=q. Mg = |n RIS e v
formg = [0 timelz] ARy e regaecsd

This is the limit on the total charge exchanged
during the sequence. This limit can also be
defined with the intercalation coefficient.

By default, this is not activated (the boxes are
colored and not white).
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BioLogic 5- Set the GCPL technique

* Charge/discharge sequence

Turn bo OCY between techhiques 1

] 2

(1) Set|| v tolg= [130000 |m& w|vs [<Nones v
foratmost (3 = fo h [0 mn joooon s
Limit Eyye > Ep = [4500 ¥
Becord every dEq = W Y
or dby = [100000 &

Hold Epg for by = [T h [0 mn [ooooo s
Limit 0< I = (0000 |md »
Becord everp dB = [1000  |mah w
ardtg = 1200000 =

Lirnit [0 > AIJM = |0.000 mik
=2 MM = 0000

lEFian98= OY:5Y v|[.] ]
St = FRT e

|Range = |14 w
Bandwidth = | 7 “
(2 Restfortg= [0 h[i5 mn [oooo0 s
Limit |dEye/dil < dEg Adt = |01 v /h

Becord every dEg = [10.0 Y

ordtg = 1200000 3
ffg = o (A2 ALy oo e @f

@ FEwne < EL = [4.200 W ogoto @
@ Gobackto s=q. Mg = |n [T ende fafvaimas)
formg = [0 timelz] ARy e regaecsd

* The Erange has to be wide enough to be in
the range of the operating voltage of the
battery but narrow enough to get an
optimized resolution in the voltage
measurement/control.

Usually a range of [0 ; 5]V is relevant for
battery testing, but his can modified by
clickingon or (]

The resolution is given below the box in
italics.
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Elol i 5- Set the GCPL technique

Turn bo OCY between techhiques 1

* Charge/discharge sequence

a*

- a 2
(1) Set|| v tolg= [130000 |m& w|vs [<Nones v
for atmost k1 = [10 hlo mn joooon s
Limit Eyye > Ep = [4.500 W
Becord every dEq = W i
or dty = 100000 =
Hold Epg for by = 1 hlo mn jooooo s
Limit Il < Iy = |0.000 mé
Becord every d@ = [1.000 mih
ardtg = 1200000 =
Limnit |40 > AQM = |0.000 méh |
=3 MM = |0.000
ERange= |0v:5Y v|[.]
St = FRT
|Range = |14 w
Bandwidth = | 7 “
(2) Bestfortg= [0 h[i5 mn [ooo0o s
Limit [dE s /dtl < dERAdt = o7 miéh
Becord every dEg = [10.0 ri!
ordtg = [1200000 =
i = or (0G5 Ay ao o ()7
@ FEwe <« EL = |4200 Y ogoto @
@ Gobackto seq Mg = [0 SRR et e
formg = [0 timelz] ARy e regaecsd

This parameter defines the stability/speed
(regulation loop) of the instrument. As battery
have a slow response, a slow bandwidth will be
appropriate. Bandwidth of 5 for VMP3 family
and 7 for SP-300 family is often appropriate.
(See manuals and application note for more
information bandwidth).

Note:

the bandwidth of the VMP3 family and the
bandwidth of SP-300 family are not identical.
Bandwidth 7 of VMP3 is different from the
bandwidth 7 of the SP-300.

Getting Started: GCPL



BioLogic

Science Instruments

* Charge/discharge sequence

Turn bo OCY between techhiques 1

o 2
@ Set || w | to lg = [130.000 mdy v [ ¥E | dNoner | v
for atmost k1 = [10 hlo mn joooon s
Limit Eyye > Ep = [4.500 W
Becord every dEq = W i
or dty = 100000 =
Hold Epg for by = 1 hlo mn jooooo s
Limit Il < Iy = |0.000 md
Eecord every d@ = [1.000 mih
ardtg = 1200000 =
Lirnit [0 > AIJM = |0.000 mik
=3 MM = |0.000
ERange= |0v:5Y v|[.]
St = FRT
|Range = |14 w
Bandwidth = | 7 “

) 8

@ Rest for bty =

Limit [dEye /dtl < dER Adt =
Becord every dER =
or dtp =

0 hfis mn joooon s )
1 mih

oo mv

1200000 =

fEEo = Bar IEF 2 ALy e @f

@ IFEwe < EL =

4200 W ogoto (1)

@ Goback to seq. Mg

for ng =

] FOEF e A’
i timelz] ARy e regaecsd

5- Set the GCPL technique

The rest period gives the time to the battery
to reach its steady state.

If after the rest period, the voltage required is
not reached a test is done and allow user to
charge/discharge again the battery (go to the
beginning of the sequence).
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Elol i 5- Set the GCPL technique

Turn to OCY between techniques F1

aF
* Charge/discharge sequence -

(1) set|| | v|tolg= [730000 |ma v |vs [<Mones v
foratmost k9 = {0 h |0 mn o000 s
Limit Ee < Ep = 3000 ¥
BRecaord every dEq = W i
o dty = {00000 s

Hold Ep for bty = 1 k0 mn 00000 =
Limit 1< Iy = 0000  |m& w
Becord every dB = [1 000  |mAh
or dtg = 1200000 =

o 1

Lirnit [AQ)] = .!LI]M = |D.000 mah v
= MM = 0000

ERange= |0v:.5v v D
Seeobaiive = FiF il
| Range = |14 ¥
Bandwidth = | 7 w
@ Bestfwtg =0 h[i5 mn [00000 =
Limit [dEys /] < dEgAdt = 07 mivh
Record every dER = 50 miv
or dtg = [120.0000 This allows the user to loop on a sequence
Wt =l s> 88y aoio () of charge/discharge within the GCPL
technique. The user defines at which
@ IfEwe » EL= 3500 W goto@ 9 .
sequence the protocol will go back and for
(4) Gobackio seq Ngr= [3 /8% ek iz how many times.

farmg = |2 timelz] AP A et regeeosd
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Ejﬁ!:s?umgeff 6- Start the experiment

EC-Lab V10,21 - [SP-300 - virtual, channel 1 - experiment: <no name> - technique: Galvanostatic Cycling with Potential Limitat...g@|®

. . Experiment Edit View Graph Analysis Took Config Windows Help = | o %
*  Click on =2 button to check if the [ccsuw 77
. Devices [] Tuan to OV between techniques 11 blda I8 8 - BB [seecn v
settings are accepted ccome|® ] =
ol eI
. forastmostty = [T AT mn [TOO00 s
*  Some warning messages may come up. Nk £ > B = [T
Recod every dEq = i
S of diq = [Too00 ¢
EC-Lab X B e i o BT}
Advanced Setlings Lok W< g = [T
@ Accept the modifications for channel 1 7 e Eesetes =l
\_“H adig= 00 s
Technigque ;| GCPL + = = Lentlafl > Ay, =
< axy - T
Ewe, [ filtering : <Mone= (Sl | w|(]
Aok = T3 35 pb
Grounded | Range =
Electrode connection : standard Bandwidth =
Safety Limits : none
2 Bestfortg= o hj0 mn [foooo0 &
> Limit |dEyye /0 < JERJAt =[O0 mV/h
Becod evey dER = 10 iV
[ Yes ] l Mo l o dtg = flo000  #
g = Ocr tat> 28y oo (€))
Do nat show this message again |® T Ve ® |
(@) Gobacktosea My = [T /SS%ert benine
fing = [T fmefs) At soarics/

. Click on the P button to start the
experiment.

Status | Time | Ewe . | 1. | Buffer |Eoc ‘Dun | Wi P, | Range ™ rel . 2

EET  ofine YT LINET Modily mode e 0,0 ob/s

. It is possible to stop, pause, go to next sequence, go to next technique by clicking on the

buttons - I
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Example of resulting data

Experiment Edit Wiew Graph Analsis Tools Conflg Windows Help - 8 X
T BEE W 102 3 4 5 B 7 8 8 10 11 12 13 14 15 16
Devices Tumn to OCV between techniques 1 |"I‘"$§ =% fg - Ewe i t -
&+ W= 12
WMPT - virtual 18650_GITT1L.mpr
@ it @ Set to g = VS, —— Ewve ve. time
for &t most b = h [0 mn H
Limk Eye > EM = 000V .
Becord every dEq = my
or dtq = E 4.24
E speniment
Hold Epy far bpg = h [0 mn H 415
Ak d Setti -
hvanced S ettings it i oy = [T
Cell Characteristics Record every d@ = 414
Parameters Settings or dig = s .
- =3 Lirrit [AG)] > AQM =
= Ay = Joooo 4]
E Range = 3051
ety = Z33 270
| Range = 384
Bandwidth =
2 3854
z
w
ER Voltage vs time plot
N Limit 1dE e /el < dERZdU= [0 mith *
Record every dER = my 3754
or dtpg = 3
374
HEE = B JAGH > ALy o @f
3654
|@ IEwe < EL= W gulu@ |
364
(4) Gobacktg seq Nt = [T /st fechaim a8
forng = time(s) AP Aot sl
35
3454
T T T
o 10 20
time/h
< >
Status | Time . | Ewe | [ Buffer . ‘ Eoc . | Q-0o . HHD P . | Range . Ns . ncl . nc2 .
vhiP3 [ Charnell 8| Read mode € 104,438 Obis




SB'O!'s?mge!f Appendix: Set the « external device »

External Devices (RDE...) Configuration

Channell Device Type Device Mame

Set the external device before step 4.

1 | T v | |PT100EL1 |

. In the “Config” menu, select “External devices”.

(Shift+Ctrl+E) Analog OUIT Analog IM 1
e Select the channel where the external device is TT— THEA o
connected. T— EER R
anal Control Analog 1M 2
* Select the device type (usually it is temperature [ E [i0 [ Convert EAV to
probe) with |— W= IEI— (mna)
1] 10 Vo= [rwir)
e  Select the type, then analog out (used as power -l Corcel | (200 |
supply) and analog In (measurement) are set. ’Z

*  Click on the “Apply” and the “OK” buttons. -
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