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1. Introduction

With the progress of VLSI technologies, the gate oxide
thickness scales down quickly to ensure device perform-
ance. Precise determination of gate dielectric thickness be-
comes more and more important. The effective oxide
thickness (EOT) is typically calculated from the capaci-
tance-voltage characteristics measured by an impedance
meter. Parallel or serial model is employed to derive the
capacitance. However, as tunneling current becomes higher,
the simple two-element equivalent circuit can not obtain
valid result. To solve this problem, several equivalent cir-
cuit models have been proposed [1-4].

K. J. Yang and C. Hu took the series resistance arising
from Si substrate, metal contact, and cables into considera-
tion [1]. A two-frequency method was proposed to extract
valid capacitance from the three-element equivalent circuit.
The applicability limits of the two-frequency method were
examined by A. Nara et al. [2]. How to select the two fre-
quencies to minimize the effect of measurement errors was
proposed in their work. However, some researchers ob-
served that the three element/two-frequency method does
not work well on their samples [3, 4]. H. T. Liu proposed
an improved two-frequency method according to a
four-element equivalent circuit [3]. A series inductance was
added and the parallel resistance in [1] was replaced by
dielectric loss (tand). For high leakage current samples, DC
loss due to shunt resistance can not be ignored. Therefore,
the proposed method is not valid for high leakage current
samples. Recently, Z. Luo and T. P. Ma proposed a differ-
ent four-element equivalent circuit (parallel RC method) [4].
A parasitic capacitance in parallel with the series resistance
was suggested. Unfortunately, this method is not so effec-
tive due to the neglect of parasitic inductance.

In this work, we propose a new methodology based on a
new four-element equivalent circuit model. A simple ex-
traction procedure combining capacitance-voltage (C-V)
and current-voltage (I-V) measurements is developed to
extract the valid values of the four elements. It is demon-
strated that the new method is more efficiency than previ-
ously published methods and can be applied over a wide
frequency range.

2. New Four-element Model

Fig.1(a) shows the proposed four-element equivalent
circuit model. C represents the ideal MOS capacitor. R,
represents the effective resistance of the actual MOS ca-
pacitor due to tunneling current. It is assumed to be fre-
quency independent. R represents the parasitic resistance
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from Si substrate, gate electrode, and the measurement sys-
tem. L represents the parasitic inductance from cables and
measurement systems. The two-element model used by the
impedance meter is shown in Fig.1(b).
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Fig. 1 (a) Proposed four-element equivalent circuit model. (b)
Equivalent circuit of the parallel mode of an impedance meter.

The impedances of the circuits in Fig.1(a) and 1(b) can
be expressed as eq.(1) and eq.(2), respectively :
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The R and R, can be extracted from the real part of
impedance. Although two-frequency method can be applied,



here we suggest a simpler method. Under the same assump-
tion ofa,zcszz Wis it is easy to obtain
D
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Finally, R, can be extracted from the DC resistance (Rpc)
by

R, =R, —R, (6)
, where Rpc can be obtained by I-V measurement.
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Fig.2. Measured and corrected Capacitance-voltage (C-V)
charateristics of the TaPt/ HfO,(3nm)/SiO,(1.5nm)/Si sample.

3. Results and Discussion

To verify the validity of the proposed model, the circuit
shown in Fig.1(a) was built with four discrete elements.
The values of the four elements are C=InF, R,=17.3MQ,
R=1KQ, and L=4.7uH. The extracted values according to
egs.(3)-(6) are C=1.02nF, R,=17.7MQ, R=1.48Kohm, and
L=7.83uH. The slightly higher extracted Ry and L is attrib-
uted to the additional parasitic resistance and inductance.

Fig.2 show the C-V characteristics measured at differ-
ent frequencies and the corrected C-V characteristics. The
sample structure is TaPt/HfO,(3nm)/SiOy(1.5nm)/Si. The
apparent C-V distortion and severe frequency dispersion
indicate that this is a non-ideal capacitor. However, the
corrected C-V characteristics from any two frequencies are
almost identical to the C-V measured at 10KHz.
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Fig.3. Frequency dependence of the corrected capacitance using
different methods. One of the two frequencies is fixed at S00KHz.
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Fig.3 compares the corrected capacitance of the same
sample in Fig.2 using different methods. One of the two
frequencies is fixed at 500KHz. The Yang’s simple
two-frequency method proposed shows large error because
parasitic inductance was not considered. The Lue’s im-
proved two-frequency method is powerful than the Yang’s
method but error still occurs at high frequency due to ig-
noring DC loss. The proposed method exhibits the best
result. Although severe frequency dispersion occurs at fre-
quency higher than 70KHz, the corrected capacitance is
constant up to IMHz.
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Fig.4. Frequency dependence of the measured capacitance and the
extracted R, R, and L.

Fig.4 shows the frequency dependence of the extracted
R, Ry, and L. The values of the extracted L, R, and R, are
around SuH, 450Q, and 65MQ, respectively. All of these
values are reasonable.

4. Conclusions

We proposed a new four-element equivalent circuit to
model the MOS structure with leaky gate dielectric. A sim-
plified procedure combining C-V and I-V measurements is
developed to extract the values of the four elements. Ex-
periments show that the proposed method can obtain valid
results over a wide frequency range even if the MOS device
is distorted seriously. The proposed method is more effi-
cient than those published methods and can be applied to
leaky dielectric if the assumption of 22 R*)1 is valid.
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