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INTRODUCTION
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... inductive loop above the X-axis or capacitive loop below the X-axis

5IO 'ICI)O 1é0 2(I)O
Re(Z) / @

could not be validated by Kramers-Kronig relationships

calculate the influence of a linear drift

define the lock-in amplifier technique

important to detect and decrease the influence of drift
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Lock-in amplifier technique

ANALYSEUR DE FONCTION DE TRANSFERT K(a)) = |K(a)1 eXp(j¢(a)))

x(t) =X, sin (@ 1) wo=2nf

!

S(t)= X, |K(w)sin(et + g(@))+ D A, sin(net +¢,)+b(1)
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harmonics noise

A_ﬁ L:oWTs(t)sinmdz N A:ﬁ [ X K (@) cos(g(w)) dr :%\K(w)\ cos(¢(a)))=%Re[K(a))]
1 ty,+NT _ Lo . X, . _ Xy
B—WLO S(t)coswt dt wmmp B = Sl X, |K (@) sin(@(w))dt = 5 K (o)[sin(¢(w)) = 5 Im[K ()]
A+jB=ﬁK(m) —) K(m)zi(AuB)
2 X,
Lock-in amplifier technique
X(t) = X, sin (o t) AFT
\
e S1(t) =RnG I(t)
consigne
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i D ] - \
& ]
i) =S - 2 (o) i S,(t)=G, V(1)
(@)  Xo :
gain G,
_Sy(@) 2 ,
Ka(0)= X(©) X (A2 +]B2)
- 82(0‘)) — A2 +JBZ — GV V(O‘)) ‘ Z((,l)) V((,l)) — Rm Gi A2 +sz
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Lock-in amplifier technique

> potentiostatic mode (similar calculation for galvanostatic mode) V(t) = Xp sinot
Sy(t)=G, V() =G, Xpsinot mmp S4(t)=R,,GI(t)=Rp, G| Z(o )|S|n (ot —¥(0))
2oy~ V(©) _RnGi A + B, with  Z(0) =|Z(w) e/ ¥
©) G, Aq+jBq
2
NT -
Ar= [0S, (1) sinwtdt = =R2mG' %0 cos (o) I
NT to |Z(o) Aq+ By = M0 (005 () — jsin ¥(w))
1t +NT R,G; X3 2[Z(w)
Bi=—=[°"" Si(t)coswtdt=...= ——M"L"0 sinp(q)
NT 't 2|Z(w)| l
1 [to+NT . G, X3
Ap=— Sy (t)sinmtdt=...=——= . . .
NT ‘to 2 — RmGi Az +J-BZ ~ (o) el ¥(©) = 7(w)
1 [ to+NT G, Aq+]jBy4
Bo=—=|°  Sy(t)coswtdt=...=0
27 NT It
Influence of a linear drift
» potentiostatic mode (similar calculation for galvanostatic mode) V(t)= Xo sinot
: Xo
So(t)=G, V(1) =G, Xpsinot mmp S4(t)=R GL 7 )|Sln((0t Y(o ))+ait+b}
®
2y~ V@) R Gi Ay + B with  Z() = [Z(w)| el ¥
@) Gy A+ B
A1:i t°+NTS1(t) sinotdt=... = m G X cos\P(w) RmGi Xo L cos oty
NT to 2|Z(w| }
B4 -1 t°+I\ITS1(t)coswtdt:...:—RmGi X sin¥(w)+Ry,G; XO Lsinot,
NT o 2[Z(w) [ |
2
A== ] oM, () sinotdt=.. = 220 7 (o) RmC A By _ 1
° meas Gy, A+iBy 1 28 jotg
1 (toNT o Z(o) oX
Bz_ﬁjto S, (t)coswtdt=...=0 0
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» potentiostatic mode

» galvanostatic mode

» example

Influence of a linear drift

1
Z (o) =
meas L_ﬁe—jmto
Z(0) oXg
2a _iwt .
Zneas(®) =Z(o) -5 ol Kin A/V
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black: no current drift
blue: negative current drift a, = -1 nAfs

red: positive current drift a= +1 nA/ls

Re(Z) / kQ

similar effect for

the electrochemical

system

Xo K = amplitude of the current sine wave

dummycellr+ (R//C) withr=10Q,R=10kQ, C =150 pF
Xo=10mV, ., t,=0,a;=1nA/s

most often X, = 10 mV,

mm) 10 mV for one period at 1 mHz
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How to detect and decrease the influence of a drift on impedance?

» « old » equipment

X(t) = Xg sin (o t)
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on the oscilloscope
in galvanostatic mode
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How to detect and decrease the influence of a drift on impedance?

» « new » equipment

Pot / Galva
+ FRA

CE

WEIRE

no possibility of oscilloscope (except for some equipment with BNC connections giving access to V and |)

no possibility of adding an analog high-pass filter

possibility for the manufacturers to implement digital high-pass filtering

-

with Lissajous ellipse:

- in galvanostatic mode: check if DC potential drifts with time
- in potentiostatic mode: check if DC current drifts with time

\Y

Conclusions

» lock-in amplifier technique

» influence of a linear drift on the impedance value

» how to detect the non-stationarity of V and | signals during the impedance

measurement

» how to limit the drift influence during the impedance measurement for « old »

potentiostats




