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1 Introduction Since a decade ago, several insulating 
materials presenting a low dielectric permittivity (K) have 
been proposed for the back end of line (BOL) technology 
in order to reduce the crosstalk capacitance and RC delays 
associated with the inter-metallic levels [1,2]. However, 
the microelectronics industry has kept its interest in the 
well established SiO2 related dielectrics. In order to make 
attractive this new low K insulating film for the microelec-
tronics industry, several technological issues must be ad-
dressed. 
 In spite of several alternatives, the search for a low cost 
and reliable low K dielectric has not been finished [3]. 
PECVD carbon-based materials are proposed here because 
we have developed a well controlled deposition technique 
to obtain films with excellent electrical properties such as a 
very low-K (2.1), a high resistivity (1014 Ω-cm), and a high 
breakdown electric field (~106 V/cm) [4]. In order to ob-
tain an effective use of a-C:H films for the fabrication of 
integrated circuits (IC’s), a better understanding of the cur-
rent transport mechanisms governing their electrical be-

haviour is required. Several groups have studied the elec-
trical behaviour of different dielectric films using capaci-
tor-like devices, and have identified the current transport 
mechanisms considering Schottky (S), Pool–Frenkel (P-F), 
and the Space Charge Limited Conduction (SCLC) [5,6]. 
These works have also shown that the charge transport 
mechanisms in the capacitors are influenced by the film 
growth technique and the fabrication procedure. 
 The main purpose of this work is to analyze the electri-
cal behaviour of Ti/a-C:H/Ti MIM structures taking into 
account the effects of the thermal annealing on the charge 
transport mechanisms. This work also explores the possi-
bilities of using low-K a-C:H films for different applica-
tions in Microelectronics, for instance, as the inter-metallic 
insulator in high density IC’s. This can be accomplished 
because our plasma-enhanced deposited (PECVD) films 
and titanium electrodes are highly compatible with the IC´s 
silicon-based technology. In Sec. 2 the fabrication process 
for obtaining the MIM structures is described. In Sec. 3 the 

The fabrication and electrical characterization of Metal-
Insulator-Metal (MIM) structures, using a-C:H films as the
insulating material, are presented in this work. These PECVD
carbon films show a very low dielectric constant and a very
high resistivity. The current conduction mechanisms were
analyzed before and after the post deposition annealing in
pure argon ambient at 400°C. For as-deposited films, the ex-
perimental J-U curves showed that under low biasing regime 

 (|U| < 8 V) the space charge limited current conduction is the
main transport mechanism, whereas under higher biasing re-
gime (|U| > 8 V)) the current transport is dominated by the
Schottky mechanism. For annealed structures, under low and
high biasing the ohmic and Schottky mechanisms were iden-
tified as the main processes for the electrical transport. Fi-
nally, we found that both parameters, the dielectric constant
and resistivity, decrease slightly after the thermal annealing. 
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electrical characterization using J-U characteristics is dis-
cussed. Finally, the conclusions of this work are presented. 
 

2 Experimental procedure The a-C:H films were 
deposited using a low-frequency (110 kHz) PECVD sys-
tem with a 250 Ws RF-power. Methane (CH4) diluted with 
hydrogen was the main reactive gas mixture. The hydrogen 
content of the dilution in the gas phase was set to 25%, the 
pressure at 1.6 Torr, and the substrate temperature was 350 
ºC. Further details of the deposition process and the struc-
ture stability of the a-C:H films have been reported in 
[4,7]. The fabrication procedure of the MIM structure was 
conducted as follows. First, a 0.6 μm titanium layer was 
evaporated onto a corning glass substrate, after which a 0.6 
μm thick carbon film was deposited, and finally, 0.78×10-2 
cm2 titanium dots were evaporated on top of the carbon 
film. Figure 1 shows a cross section of the final structure. 
The film thickness was measured using an Alpha Step 
Tencor instrument. The J-U plots were measured using a 
6517A Keithley SMU for a 20-100 ºC temperature range in 
steps of 20 ºC. The isothermal annealing of the MIM struc-
tures was conducted at 400 ºC under argon environment 
for 20 minutes. In order to obtain the K parameter, the ca-
pacitance was measured using a Phillips 6303A Automatic 
RLC bridge. 
 
 
 
 
 
 
 
 
 
 
 

3. Results and discussion 
3.1 J-U characteristics at room temperature 

The fabrication procedure for these MIM structures 
matches the BOL technology used in current IC’s fabrica-
tion processes. For such applications, we are focused on 
the analysis of the insulating characteristics of the PECVD 
carbon films. Thus, the S, P-F, and SCLC transport 
mechanisms proposed to analyze the J-U current conduc-
tion. Schottky (S), Pool–Frenkel (P-F), and Space Charge 
Limited Conduction (SCLC) are the well-known transport 
mechanisms [5,6]. P-F and S current transport models can 
be described by the following equation: 
 ( ) ( )[ ]kTedkTUJJ //exp0 Φ−= β      (1) 
 
where J0 is the saturation current density (which is differ-
ent for the P-F and the S models), β represents the lower-
ing of the potential barrier, β=βPF=2βS=2(e3/πε0K)1/2, 
Φ=ΦPF  or ΦS , ΦPF is the trap potential height in the P-F 
model, ΦS is the Schottky barrier under a reverse-biasing 
condition, k is the Boltzmann constant, T is the absolute 

temperature, d is the thickness of the carbon films, ε0  is 
the vacuum permittivity, and K is the dielectric permittiv-
ity. 
 For the SCLC mechanism, the current density can be 
described as [8]: 
 J=MUγ                                                                                       (2) 

Where M and γ depend on the film thickness, trap dis-
tribution, and density of states in the amorphous film. 

Figure 2 shows the typical J-U behaviour of the fabri-
cated MIM structures with Ti electrodes measured at room 
temperature, and with a biasing voltage varied from -40 to 
40 V. Two regions, showing a different slope, can be iden-
tified from these curves: a) one for a low applied electric 
field (|U|<8 V), and b) for moderate and higher fields, 
where the behaviour of the J-U curve shows a sharper in-
crease of the electric current. 

 
In the low electric field region, the value for the aver-

age γ is 1.5, as shown in Fig. 3. It is well known that the 
typical value for γ is between 1 and 2 for non crystalline 
materials [8], and in this case it indicates that the SCLC 
mechanism dominates for low electric fields.  

In order to identify the main transport mechanism under 
the applied high electric field, a ln(J)–U1/2 curve is plotted, 
and the current density can be described by 
   UBAJ +=)ln(             (3) 
 

Figure 1 Cross section of the MIM structure. 
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Figure 2 J-U characteristics for the MIM structure with Ti elec-
trodes measured at room temperature. 
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Figure 3 J-U characteristics in the low electric field region for
the MIM structures with Ti electrodes at room temperature. 
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Thus, using Eqs. (1) and (3) we can obtain the fitting 
parameters A and B: 

( ) ( ) dekTdkTBJkTeA oK4/)/1(/,ln/ 3
0 πεβ ==Φ−=  (4) 

 
Figure 4 shows the ln (J)-U1/2 curve at room tempera-

ture for high electric fields. This behaviour indicates that 

the current transport mechanism could be either Schottky 
or P-F mechanisms. The fitting of these curves resulted in 
an average slope (Baverage ) of 1.38.  
 
 3.2 Influence of the temperature on the J-U 
characteristics The J-U measurements were obtained 
with a ramp voltage from -40 to 40 V, and the temperature 
was varied from 20 to 100ºC in steps of 20 ºC. As can be 
seen in Fig. 5, the current density increases monotonically 

as the temperature is increased. We can observe that in the 
range of low electric field (-5 to 5V) the temperature varia-
tion does not affect the current density. 
 
 The ln (J) vs. U1/2 curves were also plotted for tem-
peratures of 20 and 100 ºC considering the high electric 
field region (Fig. 6). For both cases, the J-U curves can  
be described by Eq. (3), with a Baverage that depends on 
temperature (BJU = 1.38 and 1.36 for 20 and 100 ºC, re-
spectively). The curves of Fig. 6 are in agreement with 

both P-F and S mechanisms. The dependence of the curves 
on temperature allows for identifying the dominant trans-
port mechanism because the S mechanism must depend 
strongly on the temperature whereas P-F must depend on 
the applied voltage [9]. The J-V curves shown in Fig. 5 can 
be described by equation (1) and, at first sight, it is difficult 
to identify the dominance of any transport mechanism. 
However, we calculated B from equation (4) using the val-
ues 2.57 and 2.40 for K, obtained previously from inde-
pendent measurements of capacitance at 20 and 100°C, re-
spectively (see Table 1). Thus, we obtained BS

K = 1.33 at 
20 °C and 1.10 at 100 °C; and BPF

K = 2.66 at 20 °C and 
2.20 at 100 °C. As can be seen, the BPF

K values are closer 
to those obtained experimentally for BJU, suggesting  

 
that the Schottky transport mechanism is the dominant in 
the structures, as it was previously reported for MIS struc-
tures [10]. 
 
Table 1 Capacitance measurements as a function of the tem-
perature. 
________________________________________ 

T [ºC] C  [pF] K 
________________________________________ 

20 35.8 2.57 
40 34.6 2.50 
60 33.9 2.43 
80 33.7 2.42 
100 33.5 2.40 

________________________________________________ 
 

3.3 Influence of the annealing on the transport 
properties The MIM structures were annealed at 400 °C, 
under an argon flow for 30 minutes, and the J-U curves 
were measured. Figure 7 shows a comparison of these cur-
ves before and after the thermal treatment, while Fig. 8 
shows the same J-U curves for the low electric field re-
gion. The curves for the annealed MIM structure present a 
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Figure 4 J-U characteristics in the high field region for the
MIM structures with Ti electrodes at room temperature. 
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Figure 5 J-U characteristics as a function of the temperature. 
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Figure 6 J-U characteristics in the high electric field region.
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linear relationship, with a calculated slope (γ parameter) of 
1.0, which indicates that the ohmic conduction is the do-
minant mechanism in this region. This mechanism conduc-
tion also makes evident that the hopping of electrons from 
one state to another is present [11]. Figure 9 shows the 
ln(J) vs. U1/2 curves, plotted at 20 °C for both samples be-
fore and after the thermal annealing. A calculated B = 1.53 
was obtained from Fig. 8 for the annealed sample. If we 
compare the previous B value with that calculated using 
Eq. (4), we obtain K = 1.95 using the capacitance value of 
27.1 pF at 20 °C, hence B = 1.51. These values demonstra-
ted that the S mechanism is dominant, and the transport 
mechanism is electrode-controlled before and after the 
thermal annealing. Additionally, we found some variations 
in the electrical properties of the a-C:H films, as shown in 
Table 2. The resistivity and the K parameter decreased af-
ter the annealing treatment. This work corroborates some 
of the L.H. Chou´s results [12], where it was shown that 
the conductivity of carbon PECVD films depends on the 
sp2 and sp3 bonds concentration, which are a consequence 
of the hydrogen content. 

 

4 Conclusions In this work, we have investigated 
the transport mechanism in MIM structures with a-C:H as 
the insulator material before and after a thermal annealing. 
Before the annealing, the charge transport in the structures 
can be described as due to SCLC in the low electric field 
region, and Schottky emission for higher fields. On the 
other hand, ohmic conduction and Schottky emission de-
termine the transport after the thermal annealing. The cur-
rent density–voltage measurements indicate that the cur-
rent transport is bulk-controlled for |U| > 8, whereas the 
conduction is electrode controlled for at |U| < 8. The iso-
thermal annealing at 400 °C improved the electrical pro-
perties of the film, leading to a significant reduction in K 
from 2.22 to 1.95, and the resistivity shows a small reduc-
tion from 1.1 × 1014 to 1.9 ×1013 Ω-cm. This work explo-
red the possibility of using this low-K a-C:H film for diffe-
rent applications in microelectronics, for example, as inter-
metallic insulator in high density IC’s. It is worth mentio-
ning that the plasma-enhanced deposition (PECVD) tech-
nique and the use of titanium electrodes are compatible 
with the silicon-based IC’s technology. 
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Figure 7 Effect of the annealing on the J-U characteristics for
the low and high electric field regions. 
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Figure 8 Effect of the annealing on the J-U characteristics in
the low electric field region. 
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Figure 9 Effect of the annealing on the J-U characteristics in
the high electric field region. 

Table 2 Electrical properties of the a-C:H films before and after 
the thermal annealing. 

 K ρ (Ωcm) at 4 V 
As deposited 2.22 1.1x1014 

After annealing 1.95 1.9x1013 


