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Abstract

Tantalum oxide (Ta2O5) is widely used for MIM (Metal-Insulator-Metal) capacitor owing of its high dielectric con-

stant. This work examines current–voltage and capacitance–voltage characteristics in the 5 K–300 K temperature range.

Working at low temperature was chosen in order to freeze trapping mechanisms of the MIM capacitor. The curvature

of C–V characteristics radically changes from 5 K to 300 K. The capacitance variation under voltage at 50 K and below

can be investigated using the Langevin theory. From this model the permanent dipole moment and the number of

dipoles have been extracted. From Poole–Frenkel identification curves, activation energy around 0.20 eV and a dielec-

tric constant of 26 were found for positive polarisation. However, conduction mechanisms cannot be reduced to strick

Poole–Frenkel modelling.

� 2004 Elsevier Ltd. All rights reserved.

1. Introduction

MIM (Metal-Insulator-Metal) capacitors are widely

used in BiCMOS, mixed-signal and logic technologies.

The applications range from filters, which require excel-

lent linearity, high quality factor and good matching, to

blocking application, where the leakage current is a key

parameter. In this context, it appears to be particularly

important to better understand the origin of capacitance

non-linearity and leakage current. In this study, we ana-

lyzed the capacitance and leakage current characteristics

of 5 fF/lm2 MIM capacitor with Ta2O5 (e = 25) as
dielectric at low temperatures, from 5 K to 300 K. Sim-

ilar measurements have been done with a MIM capaci-

tor with Si3N4 (e = 7) as dielectric for comparison.

2. Experimental details

Ta2O5 films are amorphous and are about 45 nm

thick. They are produced by MOCVD (Metallo-Organic

Chemical Vapour Deposition) and an annealing step fol-

lows the deposition. This post-treatment may reduce

impurity concentrations and repair the oxygen vacancies

of the as-deposited Ta2O5 films [1]. TiN films were cho-

sen as electrodes for their barrier height and their ther-

modynamical stability with Ta2O5.
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The MIM structures were electrically characterized

by means of current–voltage (J(V)) and capacitance–

voltage (C(V)) measurements. These measurements were

performed from 5 K to 300 K, directly on 200 mm wafer

and on monted samples.

3. Results and discussion

3.1. Capacitance versus voltage and temperature

Fig. 1 depicts the C(V) characteristics of a MIM

capacitor from 50 K to 300 K for two dielectrics: (a)

Si3N4 and (b) Ta2O5. As expected the capacitance is

found to increase with temperature for both dielectrics.

An original result can be remarked for MIM capacitor

with Ta2O5 as dielectric. Indeed, the curvature radically

changes between 5 K and 300 K.

C(V) plots can be fitted with a polynomial law:

CðV Þ ¼ C0 � ð1þ C1V þ C2V 2Þ; ð1Þ

where C0 is the capacitance value at 0 V and C1 and C2
the coefficients of non-linearity.

We extract C0 and the quadratic coefficient C2 as a

function of temperature (Figs. 2 and 3) for Ta2O5 as

dielectric. We found that these two parameters increase

linearly with temperature in the 50–300 K range.

From Fig. 2 the temperature coefficient of capaci-

tance (Tcc) is extracted. Tcc is around 86 ppm/K in

agreement with other study [3].

However, we can distinguish two regions (I and II) in

the C0 (T) plot. Indeed, from 50 K to 300 K (II), a linear

fit can be used whereas a polynomial curve is needed

below 50 K (I). Afterwards, we will conclude that these

two regions correspond to different mechanisms.

The quadratic coefficient C2 value (Fig. 3) reached a

value of 35 ppm/V2 at 300 K, which leads to good per-

formance for linearity sensitive application as shown

previously [2].

To investigate in more details the change in the

capacitance versus voltage curvature with temperature

as parameter we use the Langevin theory that describes

dipoles randomly distributed in an homogenous med-

ium, in order to check the order of magnitude of such

dipoles.

The dipole moment l can be expressed from the

Langevin�s Law by:

l ¼ l0 cothðxÞ �
1

x

� �
; ð2Þ
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Fig. 1. C–V characteristics for MIM capacitor from 50 K to

300 K at 100 kHz for (a) Si3N4 and (b) Ta2O5 as dielectric. At

300 K, C1 and C2 are equal to 11 ppm/V and 4 ppm/V
2 for

Si3N4 and 100 ppm/V and 35 ppm/V
2 for Ta2O5 as dielectric.

These values are perfectly suitable for all MIM applications.
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Fig. 2. C0 versus temperature, from 50 K to 300 K fitted by a

linear trend line. Two regions (I and II) can be distinguished.
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Fig. 3. C2 extracted between �5 V and 5 V versus temperature,
from 50 K to 300 K.

926 E. Deloffre et al. / Microelectronics Reliability 45 (2005) 925–928



Download English Version:

https://daneshyari.com/en/article/9672304

Download Persian Version:

https://daneshyari.com/article/9672304

Daneshyari.com

https://daneshyari.com/en/article/9672304
https://daneshyari.com/article/9672304
https://daneshyari.com

