N

N

Cole-cole diagram of the non linearised relaxation equation
G. de Mey

» To cite this version:

G. de Mey. Cole-cole diagram of the non linearised relaxation equation. Journal de Physique, 1974, 35 (11),
pp.867-868. (10.1051/jphys:019740035011086700). {jpa-00208211)

HAL Id: jpa-00208211
https://hal.science/jpa-00208211v1

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Auto':izition
HAL Authorization


https://hal.science/jpa-00208211v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

LE JOURNAL DE PHYSIQUE TOME 35, NOVEMBRE 1974, PAGE 867

Classification
Physics Abstracts
8.740

COLE-COLE DIAGRAM
OF THE NON LINEARISED RELAXATION EQUATION

G. DE MEY
Laboratory of Electronics, Ghent State University, Ghent, Belgium

(Regu le 14 mars 1974, révisé le 29 mai 1974)

Résumé. — On dérive une équation générale décrivant le phénoméne de relaxation dans les
diélectriques. On a tenu compte de Pabaissement du potentiel par P'effet Schottky. Au contraire de
ce que I'on fait généralement, I’équation obtenue n’est pas linéarisée ; I'influence de ce fait est
clairement indiquée sur le diagramme de Cole-Cole.

Abstract. — In this paper a general equation for the relaxation mechanism in dielectrics is
derived. The lowering of the potential barrier due to the Schottky mechanism has been taken into
account. The equation is not linearised as is usually done and the influence of this fact is clearly
demonstrated by the Cole-Cole diagram.

In many dielectrics a relaxation mechanism deter-

mines the dielectric properties [1]. Similar properties A __?.B___> B8
have also been observed on evaporated SiO dielec- P,
trics containing mobile ions [2] and measurements m <_£A_ ng
with different electrode materials indicate the exis-
tence of surface traps for these mobile ions [3]. In
order to describe the dielectric properties, a theoretical R —
model has been proposed in which the ions can relax PSS IA¢
between the traps located at the two electrodes [4]. K ~ ]
Let n,(ng) be the average number of ions in a trap W+ v
A(B), we may write (Fig. 1): 2

L. -3 i

Ny = — Ng = — DPapNa + Ppa M (1 S w Wot>

~
where p,p(ppa) denotes the transition probability of o \\\
a jump from A to B (B to A) per unit time. These N
transition probabilities depend upon the potential : \\\\
barrier which the charged particles must overcome. ' Y
Using Boltzmann statistics, we have (Fig. 1) : - - -
a
pap = Ce AT (2 ) i
pup = C o T - (3) FiG. 1. — Energy b:i;vg:::‘ntg); r;::tl;isle Aio:: dillBu'strating relaxation

C is assumed to be a constant. This implies that once  The zero level for W, and W has been chosen to
a charge has passed over the potential barrier there  obtain the symmetrical expressions :

is zero probability that the ion falls back into the

same state [4]. An extension of this can be found . Wa=W—Ap — qV]2kT ®
in the literature [5]. The energy diagram under influence W =W — Ap + qVj2kT. 6)
of an electric field £ = V/a is shown on figure 1. The Using (4); (5) and (6), pap and pp, read :

potential barriers are lowered by an amount A¢ due

. ! 1 — | 4
to the Schottky mechanism : = — i
y Pao = 5 ex0(8 3/ TVT) e () ™
q3 ) 1/2 1 V
A(p_(47t808 \/IEI —kTﬂ\/IVl (4) pBA=—2-Tcexp(ﬂ\/|V|)exp(-— Eq_kT) A (8)
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The charge measured on the capacitor will be propor-
tional to Q = n, — nz. The total numbers of ions
N = n, + ng being a constant, we obtain :

Q + %exp(ﬁ \/—|7|) ch (;k—Vf) Q=

= % exp(8 /TV1) sh (7‘1,3) . )

For a sinusoidally varying voltage V cos wt, (9) has
been solved numerically. The dielectric constants &’
and &” were calculated from the first harmonic compo-
nents of the solution Q(¢) and results for some values
of g and V are shown in figure 2. The top of the Cole-
Cole diagram lies higher when f increases. Experi-
mental results obtained using evaporated SiO capa-
citors indicate the contrary [6]. This can be explained
by introducing a suitable probability distribution
function for the relaxation time t, since the top of
the Cole-Cole diagram is then lowered [7], [8], [9].
In our experiments the influence of the Schottky
mechanism on the Cole-Cole diagram is entirely
masked by the distribution of the relaxation times.
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However, time constant measurements, made on the
same SiO capacitor, clearly indicate the existence of
a Schottky mechanism [10].

In order to detect a Schottky mechanism one should
not use a Cole-Cole diagram because other mechanisms
mask the effect. A time constant measurement of
the response to a voltage step is then recommended.
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FiG. 2. — Cole-Cole diagram for a relaxation mechanism
involving the Schottky effect for various values of g and voltage
amplitudes (in volt). ¢ and ¢" are normalised to ¢ = 1 for

w=0and V=0.
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