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Abstract

In this work we present and discuss about the different kinds of materials to fabricate
thin film transistors — TFTs - in low temperature process regime. The materials used
in this work are: aluminum, amorphous silicon, silicon oxide and palladium. Main
focus of this work is the insulator silicon oxide deposition process — PECVD. The
results presented are: deposition rate as a function of substrate temperature curve,
FTIRS spectra and obtained electric properties by implemented MOS capacitors
(aluminum / silicon oxide / monosilicon substrate), i.e. flat-band voltage, dielectric
constant, effective charge density, leakage current at 5 MV/cm and breakdown
strength. Finally the perspectives and next steps of the process to fabricate thin films
transistors at low temperature are presented.

Key-words: PECVD-Tetraethylorthosilicate; Low temperature deposition silicon
oxide; Thin film transistors.
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INTRODUCTION

Amorphous and polycrystalline silicon thin-film transistors — TFTs - have been
extensively investigated for applications in large-area electronics, especially for
active matrix liquid crystal displays (AMLCDs)[1-4]. The required process
temperature to realize these applications was about 600°C.

Nowadays, TFTs fabricated with low temperature process (from 150-300°C) [5,6] and
also with room temperature [7,8] and over glass or plastic subtracts have attracted
much attention. The widespread application of TFTs over plastic substrates is
expected because of the low temperature process and low cost [9].

In this work we discuss the materials properties to be deposited in glass and/or
plastic substrates, it means very low process temperature [10]. These materials are:
palladium as bottom contact, silicon oxide as gate dielectric, amorphous silicon as
active layer and aluminum as top contact.

Experimental results concerning on the above-mentioned thin films materials
compatible with the process temperature supported by the subtracts were presented.
Discussions about the next steps of the work are presented too.

EXPERIMENTAL

To deposit the silicon oxide layers it was used a home made PECVD - Plasma
Enhanced Chemical Vapor Deposition - cluster tool system, as described before [11].
It has three process chambers, a load lock and a sample manipulation chamber.

Silicon wafers (100), p-type, 7-13 Q.cm, 75 mm in diameter were used as test
samples substrates. These substrates were cleaned using the piranha
(4:1 H,SO4:H20,) and RCA standard cleaning processes followed by a dip in diluted
HF.

Silicon oxides depositions were carried out using the process parameters presented
in Table 1. TEOS and oxygen are mixed in a special chamber before entering the
process reactor to guarantee a homogeneous gas mixture.

Deposition processes were started with O, plasma using the conditions showed in
Table 1. After 30 s, TEOS was inserted into reactor. This procedure was used to
prevent the contact of un-cracked TEOS with the substrate, which minimize the
incorporation of its sub-products into the silicon-oxide interface. After deposition, the
TEOS flow was closed and pure O, plasma was maintained during one minute. This
procedure was performed to minimize the formation of dangling bonds on the oxide
surface and to promote the reaction of any TEOS sub-products adsorbed on the
deposited film [12]. Prior to deposition process, a plasma cleaning procedure, based
on a mixture of CF4 and O,, was performed to ensure the same initial deposition
conditions.

Monitor samples were deposited in order to obtain accurate measurements of
refractive index, about 1.39 at 632.8 nm, which suggests low-density silicon
oxides [12]. Film thickness of capacitor samples was then measured by ellipsometry.
Fourier Transform Infrared Spectroscopy (FTIRS) was used to determine the
chemical bonding states. Electrical characterization of silicon oxide films (about
50 nm thick) was performed using MOS capacitors with 1.08 x 10 cm? of area.
Aluminum films, 300 nm thick, were evaporated at a pressure of 5 x 10° mbar. These



capacitors were characterized by JE (current density versus breakdown strength) and
HF-CV (high frequency capacitance versus voltage at 1 MHz) measurements, carried
out in an automatic Hewlet Packard test station.

Table 1. Silicon oxide deposition process parameters for all PECVD-TEOS samples.

Pressure, P 1 Torr
Distance between electrodes, d 15 mm
RF Power, Wgr 400 W
Oxygen Flow, Fo2 200 sccm
TEOS Flow, Freos 2 sccm
Substrate Temperature, T 255 <T<375°C

“In the process at room temperature, the substrate temperature reached up to 150°C due only the
plasma bombardment during the process.

Monitor samples were deposited in order to obtain accurate measurements of
refractive index, about 1.39 at 632.8 nm, which suggests low-density silicon
oxides [12]. Film thickness of capacitor samples was then measured by ellipsometry.
Fourier Transform Infrared Spectroscopy (FTIRS) was used to determine the
chemical bonding states. Electrical characterization of silicon oxide films (about
50 nm thick) was performed using MOS capacitors with 1.08 x 10° cm? of area.
Aluminum films, 300 nm thick, were evaporated at a pressure of 5 x 10" mbar. These
capacitors were characterized by JE (current density versus breakdown strength) and
HF-CV (high frequency capacitance versus voltage at 1 MHz) measurements, carried
out in an automatic Hewlet Packard test station.

Palladium films are deposited by joule effect in an evaporator system under a
pressure of 5 x 10 mbar and at room temperature.

Amorphous silicon films with 1 nm of thickness are deposited by a sputtering system
at room temperature and under a pressure of 1 x 107 Torr with a 99.9999 pure silicon
target in argon plasma.

RESULTS AND DISCUSSIONS
Silicon Oxide

Higher deposition rates were attained for lower process temperatures (Figure 1 a).
This effect was assigned in previous works to a possible incorporation of organic
TEOS sub-products [6,8,13]. These TEOS fiims deposited at low temperatures
formed a gel-like and porous structure. However, for our samples, carbon
compounds signals were not detected in FTIRS, within the sensitivity of these
measurements. We are led; therefore, to believe that low temperatures did not
promote an efficient migration of plasma generated species on samples’ surface. A
lower compactation degree is expected since deposition rate is higher than the time
for such species to find lower energy active sites, and also such samples obtained at
lower temperatures shall present a high concentration of oxide charge. For
temperatures above 225°C, therefore, lower deposition rates indicate more compact
films with a smaller charge density (see Table 2).

Figure 1b) presents the FTIRS spectra of the deposited SiOy for the different



deposition temperatures. Samples exhibit the Si—-OH related absorbance peaks
between 930 and 940 cm™. For lower deposition temperatures, this peak is more
pronounced, since less dense oxides films are expected, and therefore more
hygroscopic. Si-OH peak weakens as the process temperature is increased.
Deshmuch et al. reported this effect for TEOS-SiO, samples obtained from room
temperature up to 250°C. These authors also pointed out that low deposition rates
and low partial pressure of TEOS lead to good quality SiOy films [8,14]. The
dissociation of TEOS sub products is improved for more energetic processes. The
content of Si-OH bonds is also a measurement of space filling: higher contents of
these bonds indicate less dense, hydrophilic films [15]. Additionally, the Si-O
stretching peak, between 1.070 and 1.085 cm™', shifts towards lower wavenumbers
as deposition temperature increases (Figure 1 b), suggesting an increase in film’s
density [12] or strain [16].
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Figure 1. a) Deposition rate as a function op substrate temperature, where higher deposition rates are
obtained for lower process temperatures, attributed to the possible incorporation of non-dissociated
TEOS sub products. b) FTIRS spectra as a function of the substrate temperature. For lower
temperatures, the Si-OH peak intensity increases, indicating a more hygroscopic character to the
deposited films.

Table 2 summarizes the electrical characteristics of films according to deposition
temperature. The best results were those for the samples deposited at higher
temperature. The samples deposited at 225°C presented some capacitors with
gox = 3.9 and Egp = 11.85 MV/cm. 225°C can be considered as the lower bound of
temperature to obtain films with similar electric properties.

Higher dielectric constants were obtained for samples deposited at lower
temperatures due to the post deposition water incorporation.

The higher charge densities were obtained for the films deposited at lower
temperatures due to their more defective structure.



Table 2. Sample parameters obtained from HF-CV and JE measurements of MOS capacitors: flat-
band voltage (Vgg), dielectric constant (eo), effective charge density (Qss/q), leakage current at
5 MV/cm (J.«) and breakdown strength (Egp).

Substrate Vis Qss/q Jik (Alem?) Esp
Temperature (V) = (cm?) | at5MV.em™ | (MV.cm™)
£25°C -2.25 8.49 1.39x10" > > 2.98
150°C 1.66 473 1.30x10" 1.47x10° 9.68
225°C 4.61 417 1.99x10" 6.69x107 10.24
300°C 0.73 3.84 6.17x10" 4.70x107 9.46
375°C -0.78 4.14 9.97x10' 7.60x107 8.51

®In the process at room temperature, the substrate temperature reached up to 150°C due only the
plasma bombardment during the process.

Palladium, Aluminum and Silicon Thin Films Obtention

Palladium (500 nm tick) and aluminum (300 nm tick) films are deposited by Joule
effect in an evaporator deposition system. The films deposited were uniform in
thickness and very reproductible, and these films were extensively studied [17].

To perform the TFTs it is necessary to wet etch the aluminum film. This step must be
compatible with the palladium film and not change it properties. To etch the aluminum
film it was used the solution presented in Equation 1 and the etch rate after the
aluminum oxide etch is approximately 200 nm/min under 40°C.

Equation1: 35 H3;PO, + 3 HNO; + 14 H,O @ 40°C
Palladium films were not attached by the Equation 1 solution showing the viability to
be employed as a step of all the process to fabricate the TFTs at low temperature.

Amorphous silicon films with 1 nm of thickness are deposited by a sputtering system
at room temperature and under 5 x 10”7 Torr with a 99.9999 pure silicon target.

A plasma wet etch reactor chamber was used to pattern both silicon and silicon oxide
with a gas mixture of O, and SFg, the etch rate was 150 nm/min at 50 W of RF
applied power.

TFTs Process

Figure 2 shows the thin film transistor cross sectional view that will be fabricated in
low temperature process and with the discussed materials in this work, i.e. aluminum,
amorphous silicon, silicon oxide and palladium.



- i Ou = o .3
o R —

Silicon oxide

Palladium

Plastic, glass or monosilicon substrate

Figure 2. Cross sectional view of TFT proposed to be fabricated: First, a palladium film is deposited to
make the bottom contacts followed by silicon oxide deposition to gate insulator and amorphous silicon
as active layer of the transistor. Patterning of mask 1 is performed to define both silicon and oxide
films. After that, an aluminum film to drain and source contacts is deposited and finally, mask 2 is
patterned to define the aluminum contacts. All steps are carried up at temperatures lower than 150°C.

PERSPECTIVES

Obtention processes to different materials are discussed in this work aiming the TFTs
fabrication in low temperature.

Silicon oxide films deposited by PECVD were characterized and its properties were
also presented. These films are suitable to be employed as gate dielectric in TFTs.

Metal contacts like Pd and Al were characterized concerning on its applications and
restrictions to be employed in the TFTs process.

Amorphous silicon was also obtained and the wet etch rate was obtained.

Finally all the materials films are already obtained and characterized. Next step is to
realize the thin films transistors as presented at the Figure 2.
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Resumo

Neste trabalho sdo apresentados e discutidos diferentes tipos de materiais para
fabricacdo de transistores de filmes finos — TFTs — utilizando baixa temperatura de
processamento. Os materiais utilizados neste trabalho s&o: aluminio, silicio amorfo,
oxido de silicio e paladio. O foco principal deste trabalho é o processo de deposicao
de filmes de 6xido de silicio — PECVD. Os principais resultados apresentados sao:
taxa de deposigdo em fungédo da temperatura do substrato, espectros FTIRS e suas
propriedades elétricas através da implementagao de capacitores MOS (aluminio /
oxido de silicio / substrato de silicio monocristalino), ou seja: tensdo de banda-plana,
constante dialética, densidade efetiva de cargas, corrente de fuga a 5 MV/cm e
campo elétrico de ruptura da rigidez dialética. Finalmente as perspectivas e proximas
etapas do processo de fabricacdo dos transistores de fiimes finos a baixa
temperatura de processamento sdo apresentadas.

Palavras-chave: Etraetilortosilicato - deposi¢céo quimica a vapor enriquecida por
plasma; Deposicao de [6xido de silicio a baixa temperatura; Transistores de filmes
finos.
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