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Abstract. Silicon dioxide films on strained Sit_~Ge ~ have been deposited by electron cyclotron resonance 
(ECR) plasma-enhanced chemical vapour deposition technique using tetraethylorthosilicate (TEOS) at room 
temperature. The deposition rate as a function of time and substrate temperature has been studied. MOS 
capacitors fabricated using deposited oxides have been used to characterize the electrical properties of silicon 
dioxide f'dms. Deposited oxide film shows its suitability for microelectronic applications. 
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1. Introduction 

Strained-SiGe/Si alloy has attracted much attention from 
the point of view of novel bandgap engineered devices 
as well as for its attractive optical and electronic properties 
(Jain and Hayes 1991). A high quality dielectric layer 
formation is an integral part of the MOSFET fabrication. 
Conventional thermal oxidation and rapid thermal 
oxidation revealed selective oxidation of Si and pile-up 
of Ge atoms at the oxide/SiGe interface resulting in an 
unacceptably high density of interface states (LeGoues 
et al 1989; Nayak et al 1990). To get rid of this problem, 
silicon cap layers are commonly used. However, high 
temperature (>700°C) processing is not possible for 
strained SiGe layers as it causes strain relaxation. It also 
introduces additional dislocations and stacking faults at 
the interface. Therefore, the formation of dielectric 
films on strained-SiGe layers at low temperature is 
required to achieve high quality interfaces and to prevent 
strain relaxation in pseudomorphic alloys. We have 
reported low-temperature (< 200°C) oxidation of strained- 
SiGe films by non-ECR microwave plasma method 
(Mukhopadhyay et al 1994, 1996), and the results of 
our studies on the electrical properties of  thin ( -  120,/k) 
SiO 2 films deposited on strained-SiGe layers using TEOS 
at room temperature by electron cyclotron resonance 
(ECR) microwave plasma. The electrical properties of 
the oxide films have been characterized using a MOS 
structure. 

*Author for correspondence 

2. Experimental 

A schematic view of the microwave-ECR plasma system 
used in our experiments is shown in figure 1. The 
variable microwave power (50-1000 W, 2.45 GHz) 
generated by a magnetron was guided through a 
waveguide to the ECR cavity. The waveguide was sepa- 
rated from the ECR cavity by a quartz bell jar. The 
ECR condition was adjusted by a three-stub tuner and 
accordingly the electromagnetic mode could be changed. 
In order to reproduce the process, it is important to 
choose a distinct electromagnetic mode that could provide 
a stable plasma. The ECR source was surrounded by 
magnetic solenoids to get the resonance condition. Suffi- 
cient electron kinetic energy could be obtained by 
introducing a steady magnetic field B =  875 G for the 
electron cyclotron frequency toc=eB/mc  in resonance 
chamber. The stainless steel sample holder was fitted 
with an electrical heater (up to 600°C) to raise the 
substrate temperature. The reflected power was kept 
below 10% of the forward microwave power to avoid 
damage to the magnetron. 

Nominally undoped strained Si~_~Gex/Si layers were 
grown on p-Si (001) (5-10 f~-cm) substrates using a gas 
source molecular beam epitaxy (GSMBE) at 700°C. An 
undoped Si buffer layer, 500 A, was used to provide a 
good quality surface for subsequent growth of the SiGe 
epilayer. The SiGe epilayer grown had a Ge concentration 
of 26% (thickness 300 A). Though the purity of  disilane 
was more than 99.99%, it showed the following impurity 
levels: silane < 20 ppm, H 2 < 10 ppm, H20 < 0.1 ppm, 
hydrocarbons < 1.0 ppm. N v 02, CO 2 and trisilane were 
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nondetectable. Likewise, though the purity of  germane 
was more than 99.99%, it showed the following 
impurity levels: 02 < 20 ppm, N 2 < 40 ppm, H 2 < 30 ppm, 
CO 2 < 10 ppm and H20 < 10 ppm. 

The oxide films were deposited in the temperature 
range of 30-400°C. All the samples were subjected to 
a standard cleaning schedule followed by dipping in 
dilute HF just before loading inside the chamber. In a 
typical deposition process, the. system was first evacuated 
to 10-STorr and then TEOS was introduced into the 
system independently from a bubbler kept in a constant 
temperature (45°C) bath with nitrogen as the carrier gas. 600.0 
For the prevention of condensation of TEOS in the line, 
a heated delivery system was employed. 

Oxide thicknesses were both measured by a single 
wavelength (6328 A) ellipsometer (Gaertner L-117) as °3  
well as calculated from the oxide capacitances in accu- -- 
mulation. The breakdown field and interface charge trap ~ 400.0 
density were obtained from J - E  and C - V  measurements z 
on MOS capacitors. For the electrical measurements of 
MOS structures, an HP4061A computerized semiconduc- ~_E" 
tor test system was used comprising a multifrequency I 
LCR meter (HP4275A), a picoammeter/dc voltage source - 
(HP4140B) and a switching subsystem. ,'7 200.0 
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3. Results and discussion 

0 
0 

The plot of  deposited film thickness vs deposition time 
is shown in figure 2. A linear relationship was observed 
over the time range investigated. Similar characteristics 

for bulk-Si have been reported by Secrist and Mackenzie 
(1966). Connell and Gregor (1965) showed that in case 
of  bulk-Si, the deposition rate decreased when the depo- 
sition time was varied from 40 sec to 4 min and finally 
it became constant at the end of this period. The existence 
of such an initial period of decrease in the deposition 
rate in all glow discharge reactions is expected, since 
initially the plasma density changes due to the interaction 
with the reacting species present in the chamber, and 
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Figure 2. The plot of deposited film thickness vs time. 
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Figure 3. The plot of deposition rate vs substrate temperature. 
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probably this initial period represents the time required 
to attain equilibrium in the plasma. 

The film thickness as a function of substrate temperature 
shows that the deposition rate decreases with increase 
in substrate temperature (figure 3). This decrease in the 
deposition rate is characteristic of an adsorption-controlled 
process, whereby for the free energy of the system to 
decrease, heat must be evolved, and the rate of such an 
exothermic process generally decreases with increasing 
temperature. From an atomistic viewpoint, in this study, 
the 'silicon--oxygen species' could be imagined to possess 
a mean lifetime in which to select a site on the substrate 
surface. Therefore the temperature is raised, more kinetic 
energy would be imparted to the species, and hence the 
mean life time for adsorption decreases (Secrist and 
Mackenzie 1966). 

Figure 4 shows typical 1 MHz capacitance-voltage 
(C-V) characteristics obtained for an as deposited sample. 
The curve exhibits a negative flatband voltage, indicating 
the existence of positive charges in the films. Fixed 
oxide charge density (Qr/q) for the sample is 
2.9 x 10 ~t cm -2. The C-V and conductance-voltage 
(G-V) characteristics of  a MOS capacitor at different 
frequencies are shown in figure 5. In the accumulation 
region, the C - V  curve shows a little dispersion with a 
higher capacitance value at 100 kHz. The G - V  charac- 
teristics, on the other hand, show a frequency dispersion 
in the accumulation region where a higher conductance 
value was obtained for 1 MHz. The interface state density, 
D~, was calculated from the high frequency C-V and 
G - V  characteristics using Hill 's method (Hill and 
Coleman 1980). At the midgap, the interface state density 
value obtained is 5-8 × 10 j~ cm -2- eV -~. 

The I - V  curves were measured in the accumulation 
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regime for the as deposited MOS capacitor. Figure 6 
shows typical J - E  characteristics of  the MOS capacitor. 
The resistivity value of the oxide film is about 
3.1 x 10 ~6 f~-cm. The critical field (E),  defined as the 
field required to reach an injection current density of 
1 nA cm -2 (DiMaria et al 1980), can be deduced from 
the J -E  characteristic (see figure 6). In the high electric 
field region, a linear relation was obtained between 
In J / E  and ~-E-. Assuming a Pool-Frenkel mechanism, 
the characteristic J - E  is described by the following 
expression: 

J = a E e x p  - ~  ~ Ztt°ed J '  (1) 

where a is a constant, k the Boltzmann constant, T the 
temperature and r is a constant having a value between 
1 and 2 depending on the traps in the insulator. For 
our samples, r =  1-6 and a value e d = 4.04 was deduced 
for the high-frequency dielectric constant. The breakdown 
field strength with a current criteria of  1 ktA cm -2 is 
calculated to be 7.0 MV/cm. 

4. Conclusion 

The study has demonstrated the low-temperature depo- 
sition of thin oxides (= 120 A) on strained-Sij _.~Ge films, 
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Figure 4. 
ECR (TEOS) plasma deposited oxides on strained Si0.74Geo.26 
samples. 
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Figure 5. Measured conductance, G and capacitance. C vs 
applied voltage characteristics at different frequencies for 
microwave--ECR (TEOS) plasma deposited oxides on strained 
Sio.74Geo.26 samples. 
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Figure 6. Leakage current density (J) as a function of the 
electric field (E) lbr microwave ECR (TEOS) plasma deposited 
oxides on strained Si0.74G%26 samples. 

using TEOS by microwave ECR plasma. The electrical 
properties o f  the deposited oxides are reported. The oxide 
films on strained SiGe samples exhibited a high resistivity 
(3-1 × 10 z6 f~-cm) and a critical field o f  about 2 MV cm -~. 

Fixed oxide charge density ( Q / q )  and interface trap 
density (Dit) for the oxides deposited on strained-Si t _xGe~ 
samples in microwave ECR plasma are 2 . 9 x  10~cm-2 
and 5.8 x 10 It cm -2 • eV -I, respectively. 
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