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Abstract

This research investigated the effectiveness of using different thickness values of
polyimide (PI) interfacial layer in order to improve electrical and thermal properties
of Al/ PI /c-Si capacitor. The PI spectra produced by poly(amic acid) (PAA) were
characterized by using FT-IR analysis. After imidization of PAA, some absorption
peaks vanished, whereas Pl peaks appeared, due to the complete conversion of PAA
to PI.

The dependence of current —voltage and Capacitance-Voltage characteristics of
Al/P1/c-Si on PI thickness (10, 20, 30, 40 nm) was exhibited through the increase of
potential barrier and built-in potential and the decrease of the saturation current.
These results may be interpreted in terms of the decrease in the interfacial defects,
such as surface states and interface defects, which leads to reduce the potential
barrier between Aluminum and crystalline Silicon and increase saturation current.

The results show that thermal decomposition resistance of polyimide films
increases with the increase of polyimide thickness, because of the increase of the
imide bond and the decrease of the average distance between amide groups.
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1. Introduction

Technology is continuously trending toward high-efficiency, high-speed, and large-scale integrated
circuits (LSIs) as well as lower power dissipation in electronic and optoelectronic devices [1].

In the recent time, semiconductors are present in most of the modern electronic devices, because of
the foundation of the electronic systems that play a crucial role in technology [2]. Metal- organic
insulator-semiconductor structures obtained remarkable interest, due to the fact that these devices
serve as a cost-effective alternative to traditional common junctions on low grade polycrystalline
silicon thin films [3-5]. The device performance and stability are affected by the interface properties.
In addition, the metal- organic insulator semiconductor (MOIS) structure has a much higher barrier
than the traditional metal- semiconductor Schottky junction, causing MOIS to be more reliable than
the other types of junctions [4]. Several factors are affected by the fineness and execution of the
electronic metal-semiconductor (M/S) structures, such as the interfacial layer (IL), barrier height
(BH), and homogeneity between the metal and semiconductor [5].

Polyimide has become an attractive compound in microelectronics applications, because of its high
operating temperature, high adhesion to substrate, and high thermal stability, compared with those of
common polymers [3,6].

The aim of this study involves the fabrication of Pl by mixing the solutions of PMDA and PDA and
studying the dependence of electrical and thermal properties of Al/Pl/c-Si Schottky diode on Pl
thickness.

2. Experimental Work

First, the c-Si wafer was cleaned with deionized water, then dipped in ammonia water (30% by
weight of NH3) and hydrogen peroxide (30% by weight of H,O, ) for 30 sec. This was followed by
rinsing in distilled water to remove the thin oxide layer and the ionic contamination. After that, the
wafer was dried.

To prepare the polyimide, 2 g (10 mmol) of p-phenylene diamine (PDA) and 40 mL NMP were
placed in a container and stirred for 30 min. Then 2g (10 mmol) of pyromellitic dianhydride (PMDA)
was added to the solution and stirred for 3h at room temperature to prepare poly(amic acid) (PAA)
solution. Next, the resulting solution was coated with silicon wafer substrate with different thicknesses
(10, 20, 30 and 40 nm) by utilizing the spin method. Aluminum with high purity (99%) was vacuum
evaporated onto the back side of the silicon wafer and onto the front side of the polymer films, using a
mask to form circular dots of a thickness of 220 nm.

Current-Voltage measurements were performed in the dark by using keithley 616 and D.C. power
supply. A voltage variation of -4 to 4 Volt was applied in the cases of forward and reverse bias.
From current-voltage (C-V) measurements, we can determine the height of potential barrier (®,) by
the relation (1) :
—q%P
Jg = A*T?eksT . (D

where A* is Richardson constant, T is temperature, g is the magnitude of the electron charge, and kg
is Boltzmann’s constant.

The built-in voltage (V) of the junction can be determined from the plots between
inverse-square capacitance (1/C *) - applied bias voltage (V) in eq.(2). The C-V characteristic was
measured as a function of the reverse bias voltage, applied in the range of 0-3 V with an electrode area
of 1.5 x 10 m?at a fixed frequency of 100 KHz, by using HP- 4275A LRC meter.

c=2 (Vbi+V—ZZBT) ......... @)

" qeNy

The thermal stability of the junction was evaluated by using a thermo gravimetric analyzer (STA
PT100). The samples were heated from 0 to 800 °C at a heating rate of 10°C/min under Nitrogen .
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3. Results and Discussion

The FT-IR spectra of PAA PI are shown in Fig.1. The characteristic ammonium multiple peaks
appeared around 3098 cm™. The PAA characteristic peaks were observed, including the aromatic
carboxyl peak (C=0) at 1714 cm™, C=0 amide peak at 1662 cm™, N-H and C-N peaks in secondary
amide at 1601 cm™ and 1408 cm™, respectively, aromatic amine peak at C-N 1362 cm™, and diphenyl
ether at 1117 cm™. When gradually heated, the PAA would be thermally imidized to prepare
polyimide. The FT-IR characterization of Pl showed the absorption bands of the C=0 aromatic imide
group which appeared around 1774 cm™, the asymmetrical C=0 stretching at 1710 cm™, and the C=0
bending vibration at 739 cm™. When comparing the spectrum of Pl with the spectrum of PAA, the
peak at 1362 cm™ was significantly increased, indicating the increase of C-N bond number after
thermal imidization [7,8]. It could be seen that, after imidization of PAA, some characteristic
absorption peaks vanished, whereas the characteristic peaks of Pl appeared. This indicates that PAA

was completely converted to PlI.
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Figure 1-FT-IR spectra of Poly(amic acid) (PAA) and polyimide(PI)

The 1-V characteristics of Al/ PI /c-Si in the dark, with the applied bias voltage (forward and
reverse) at different thicknesses of Pl, are shown in Figure-2.

From this figure, it can be observed that the non-linearity of the I-V characteristic curve indicates
that the non-ohmic conduction mechanism in nature is caused by thermionic and diffusion
mechanisms [9]. The good rectifying nature of the device refers to the presence of barriers on its two
sides. It was observed from I-V characteristics that the forward direction characteristics do not differ
markedly from those in the reverse direction. This indicates that the interfaces between metal (Al)-
polymer (PI) at the bottom and top electrodes (layers) were identical in nature.

Fig. 3 shows that the value of the current decreases with increasing thickness of PI films, which
refers to the reduction of the interfacial defects and the scattering of carriers at the interface region
[10]. Also, these defects allow the energy levels to be within the energy gap and act as an active
recombination center within the depletion region, which causes the decrease in current flow across the
junction [11].

The saturation current density increases with increasing PI thickness, as shown in Table-1, where
the potential barrier height increases by increasing PI thickness [10,12].
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Figure 2-1-V characteristics in the dark for Al/ Pl /c-Si at different thicknesses of Pl layer (10, 20, 30
and 40 nm).

The resulting C-V characteristics are shown in Figure- 3. When a large positive bias is applied to
the metal gate, electrons are pushed back to the silicon surface [12]. The silicon then behaves much
like a metal and the capacitance measured is that of the Pl layer alone. This is denoted as an
accumulation case, which is consistent with the observations of Hatta iet al.[13]. When a small
positive bias is applied to the metal gate, electrons are repelled and a region depleted of majority
carriers is formed at the silicon surface. The depletion region adds to the width of the dielectric
polymer and the measured capacitance begins to drop [10, 11].

Table 1-Values of saturation current density, barrier height and built in potential for Al/ P1 /c-Si with
different thicknesses of PI layer.

P Js (Amp./cm?) @, (Volt) Vii (Volt)
10 1.5*10°" 1.2 1.13
20 9.3*10° 1.45 1.27
30 6.45*10° 1.62 1.478
40 2.5*107 1.85 1.65

Also C-V characteristic curve increases with the increase of the thickness of polyimide film , which
is due to the increase in the width of the depletion layer which leads to an increase in the value of
built-in potential and a decrement in the capacitance [12].
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Figure 3-The C-V characteristic curve for Al/ Pl /c-Si at different thicknesses of PI layer (10, 20, 30
and 40 nm).

The intersection of the straight line with the voltage axis at 1/C*=0 represents Vy;, as given in Fig.4
and Table-1. Vy,; value increases with increasing the thickness of Pl film, because of an increase in the
defect concentration as a result of a mismatch between the two materials. These defects act as
recombination centers that extinguish charge carriers, which lead to decreasing the width of the
depletion region [12, 13].
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Figure 4-The inverse-square capacitance (1/C %) - applied bias voltage (V) curve for Al/ Pl /c-Si at
different thickness of PI layer (10, 20, 30 and 40 nm)

Figure-5 shows the thermal stability of Al/ Pl /c-Si at different thicknesses of PI layer.
A small amount of weight loss can be observed in the initial stage, which may be due to the
residual water and evaporation of solution during heating [8].
As shown in Figure-5 and Table-2, the values of decomposition temperature for 5% weight loss
(Ts), the decomposition temperature at 10 % weight loss (Ty0), and the glass transmission temperature
(Tg) were measured from the PI film with different thicknesses.
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Figure-5 TGA curves for Al/ Pl /c-Si with different thicknesses of Pl layer (10, 20, 30 and 40) nm.

It was observed that the decomposition temperature (Ts, T1o and Tg) of the Pl was increased by
about 38, 35 and 40 °C, respectively, when the thickness of PI film was increased. This behavior is due
to the increase of the number of imide bonds and the decrease of average distance between imide
groups which enhances the intermolecular interaction [14, 15].

Meantime, the incorporation of rigid bipyridine units into the polymer backbone can be also
attributed to the high T4 and excellent thermal stability.

Table 2-Thermal analysis data of Al/ P1 /c-Si at different thicknesses of Pl

Thickness of PI (nm) T, [°C] Ts [°C] Ty ['C]
10 256 365 373
20 276 381 389
30 283 390 398
40 297 403 412
Conclusions

This research investigated the effectiveness of using different thicknesses of Pl interfacial layer in
order to improve electrical and thermal properties of Al/ Pl /c-Si capacitor. The results of the electrical
parameters of the capacitor (Js, @y, Vi) were obtained by using I-V for the forward and reverse cases
and on the C-V measurements at room temperature.

The I-V characteristic curve indicated that the non-ohmic conduction mechanism in nature is
caused by thermionic and diffusion mechanisms.

The results also indicated that the PI interfacial layers are more effective on the conduction
mechanisms. The electrical characteristics which must be taken into account in the relevant
applications were also clarified.

The decomposition temperature (Ts, T1o and Tg) of the P was increased by about 38, 35 and 40 °C,
respectively, when the thickness of PI film was increased. The use of PI interface layer can be lead to
an improved thermal stability of this structure.
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