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CHARACTERIZATION OF LPCVD DEPOSITED 

SILICON DIOXIDE THIN FILMS 

Abstract 

LPCVD deposited amorphous silicon dioxide SiO2  thin films from a new 

chemical vapor source, diethylsilane (DES), were characterized. This work is 

focused on evaluation of SiO2  films prepared by varies deposition temperatures and 

flow rates series. 

SiO2  thin films were evaluated for density, porosity, and refractive index. 

Techniques for evaluation of the above mentioned parameters for this work 

included the use of infrared absorption spectroscopy, preferential etch procedures, 

optical measurement of refractive index and thickness, and thermal annealing of 

CVD films. The densification in vacuum ambient has been carried out at the 

temperature of 600 °, 750 °, and 900 °C, respectively. 

The P-etch rates of SiO2  thin films, produced using DES as a silicon source, 

were found to be in the range of 846 A/min. to 930 A/min. for a deposition 

temperatures between 375 ° and 475 °C; while the etch rates were constant (about 

900 A/min.) for SiO2  films produced by varing diethylsilane flow rates between 20 

and 150 sccm. 

In the infrared absorption spectra, the strong Si-O-Si stretching band at the 

frequency 1070 cm -1  shifted about 0 to 15 cm -1  to high frequency, after 

annealing. The degree of shifting depends on the original deposition and the 

annealing temperature. Shiftings were also observed at the Si-O-Si bending and 

rocking bands at 800 and 450 cm -1  respectively. 

The ellipsometric measurement indicated the index of refraction for SiO2  

thin film to be 1.45 with no significant difference for samples with different 

deposition conditions. 
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1. INTRODUCTION OF CVD FILM 

1.1 A REVIEW OF CVD TECHNIQUES 

The most common technique for growing thin film of a 

wide variety of materials on various substrates [1], is 

chemical vapor deposition (CVD) [2]. This technique, first 

reported by Sangster [3] in 1957, has become the commercial 

technique for various thin film preparation. 

Chemical vapor deposition is a process where one or 

more gaseous species react on a solid surface and one of the 

reaction products is a solid phase material..  

When chemical vapor deposition was first used for 

polysilicon deposition, the most common CVD system was the 

horizontal, atmospheric-pressure reactor widely used in the 

late 1960s and early 1970s. This type of system allows 

operation over a wide temperature range, but its capacity is 

severely limited by the size of the susceptor on which the 

wafers are placed in a single layer. The low-pressure CVD 

(LPCVD) reactors, which were developed to overcome the 

limited capacity of the horizontal systems, can form thin 

films on 100-200 wafers simultaneously, although, the range 

of conditions over which it can operate satisfactorily is 

severely limited. The basic elements of the LPCVD reactor 

are illustrated in Figure 1. 
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Figure 1. Hot-wall, low pressure Chemical Vapor Deposition reactor used for 
routine deposition [1]. 
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1.2 FUNDAMENTAL OF LPCVD REACTION 

There are several types of hot wall reactors which 

operating at low pressure (typically 0.1 - 10 torr) for 

LPCVD in the low-, mid-, or high-temperature ranges such as 

tubular (Figure 1), bell-jar, or close-spaced design. In the 

horizontal tubular design the substrate slices (silicon 

wafers) stand up in a carrier sled or boat and gas flow is 

horizontal. The reduced pressure increases the mean-free 

path of the reactant molecules, which allows a closely 

spaced wafer stacking. 

CVD is a heterogeneous reaction involving at least the 

following steps: 

I. Arrival, 

1. bulk transport of reactants into the process 

volume, 

2. gaseous diffusion of reactants to the surface, 

3. absorption of reactants onto the surface, 

II. Surface reaction, 

4. surface reaction (reaction can also take place 

in the gas volume immediately above the surface), 

5. surface diffusion, 

III. Removal of reactant by-products, 

6. reaction by-product desorption, 

7. gaseous transport of by-products, 
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8. bulk transport of by-products out of process 

volume. 

The rate of chemical vapor deposition is primarily 

controlled by one of the following major groups of process 

steps: 

* The rate of arrival of reactants, 

* The surface reaction rate, 

* The rate of removal of by-products. 

When the surface reaction rate controls the process, 

the overall reaction rate can be written as 

R = Ck  = Ckoexp(-Ea/kT) 

where the reaction-rate coefficient k is characterized by an 

apparent activation energy Ea, and C is a proportionality 

constant. 

Either diffusion through the boundary layer or reaction 

at the surface of the wafer may limit the overall deposition 

process. Gas-phase diffusion varies only slowly with 

temperature, increasing as T1.5  or T2, while a reaction rate 

increases rapidly with temperature increasing, varying as 

exp(-Ea/kT). At higher temperatures, the reaction proceeds 

rapidly, and diffusion of the gaseous silicon species 

through the boundary layer to the wafer surface limits the 

overall deposition process. In this mass-reaction-limited 

regime of operation, the deposition rate is only a weak 

function of temperature. As the temperature is reduced, the 

reaction rate decreases rapidly until it becomes the 
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limiting step in the overall deposition process. In the 

surface-reaction-limited regime of operation, the deposition 

rate is a strong function of temperature (Figure 2.). The 

excellent temperature control is needed in this operating-

regime to achieve the film thickness uniformity required for 

controllable integrated-circuit fabrication. Depending on 

the substrate temperature, temperature gradient of the 

reaction tube, concentration (flow rate), composition and 

pressure of the reaction agent, diameter and length of the 

reaction tube, etc, deposition of the thin film process can 

be controlled. 
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Figure 2. Film growth rate as a function of temperature for a typical CVD process 
[2]. 
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2. LPCVD DEPOSITED SILICON DIOXIDE (Si02) FILM 

2.1 APPLICATION OF SiO2  THIN FILM 

Silicon dioxide has played an important role throughout 

the development and fabrication of semiconductor 

microcircuits over the years. Its major functions have been 

for insulating circuit elements, serving as material for 

storage capacitors, passivating and protecting device 

surfaces, and insulating double-level conductor lines. 

Because of its unexcelled purity and outstanding 

dielectric of interface properties, silicon dioxide thin 

film is one of the most important dielectric-film materials 

deposited by CVD which meets the requirements of the very 

large scale integrated (VLSI) technique. Silicon dioxide can 

be deposited by CVD at a low enough temperature to preserve 

the final metallization. 

SiO2  has gained its importance for practical applica-

tions by the fact that it is the only substance with which 

hard and stable layers with a refractive index < 1.5 can be 

obtained [4]. The physical properties of SiO2  are given in 

Table 1. 
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Table 1.Physical properties of silicon dioxide. [6] 

melting point 1500°C 

boiling point 2950°C 

Heat cap.,cal/g 100°C 0.185 

Si-O distance,A 1.62 

Density,g/cm3, 2.1975 

Mohns hardness 7.7 

index refs. 5893A 1.4584 

Young's Modules 10.5 x 106  Psi 	[29] 
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2.2 LOW-TEMPERATURE DEPOSITED SILICON DIOXIDE THIN FILM 

Historically, silicon dioxide formed by thermal 

oxidation of the silicon substrate has been used as the 

dielectric and insulator material on silicon device tech-

nology. The processing temperature of thermal growth SiO2  is 

in the range of 1000 -1200°C. Low-temperature deposition of 

SiO2  thin films is of considerable interest to current very 

large scale integrated (VLSI) technology. As metal oxide 

semi-conductor devices are reduced in size to increase 

density and performance, device  processing temperatures 

become even more important. 

Probably the most widespread method for depositing low-

temperature CVD oxides is the controlled oxidation of silane 

(SiH4) first introduced in the literature by Goldsmith and 

Kern in 1967 [5]. To prevent premature oxidation, the silane 

was diluted with an inert carrier gas in the reaction cham-

ber. Using this technique, Goldsmith and Kern obtained SiO2  

films at temperatures ranging from 250° to 550°C, with most 

work in the 400° - 450°C temperature range. 

2.3. NEW CHEMICAL SOURCE OF CVD DEPOSITED SiO2  THIN FILMS 

However, SiH4  is a toxic, pyrophoric, and potentially 

explosive gas which requires expensive installations to meet 

the safety standards. 
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Over the past decades a great effort has been made to 

investigate a suitable compound for depositing SiO2  thin 

films at low temperature, not only for safety, but also for 

minimizing the problems of junction element and overcoming 

thickness limitations. 

Various chemical sources and deposition methods for CVD 

deposited SiO2  thin films have been used  by different 

workers: thermal decomposition of Ethyl-triethoxy-silane 

(CH3CH2)-Si(OCH2CH3)3 [7]; Vinyl-triethoxy-silane 

CH3=CHSi(OCH2CH3)3; Phenyl-triethoxy-silane C6H5Si(OCH2CH3)3; 

Amyl-triethoxy-silane C5H11Si(OCH2CH3)3; Diphenyl-diethoxy-

silane (C6H5)2-Si(OCH2CH3)2; Dimethyl-diethoxy-silane 

(CH3)2Si(OCH2CH3)2  [8]; Tetroethoxy-silane Si(OCH2CH3)4  [8,9]; 

and recently, Mono-alkyl cyclic siloxane; 2,4,6,8-tetra-

methyl-cyclotetrosiloxane [9]; Tetrabutoxy-silane, and 

tetrapropoxy-silane [10]. 

The new liquid chemical source that was used for 

deposition SiO2  thin films in this work is Diethylsilane 

(C2H5)2SiH2  (DES). The ratio of silicon to carbon is 0.25 for 

DES, the boiling point is 56°C, and the outstanding 

advantage of this material is high vapor pressure, 200 Torr 

at close to room temperature (21°C). It is a non-pyrophoric 

and non-toxic material and therefore to safe use. 
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3. CHARACTERIZATION OF SIO2  FILM 

3.1 INTRODUCTION 

This work is concentrated on the evaluation of LPCVD 

deposited SiO2  thin film with DES as a chemical source. CVD 

deposited SiO2  thin films are evaluated for, density, 

porosity, annealing effects on bond strain, refractive 

index, and thickness. This chapter introduces the techniques 

for the evaluation of above mentioned parameters. The 

techniques included the use of infrared absorption 

spectroscopy, P-etch procedures [12], optical measurement of 

refractive index and thickness [13]. Thermal annealing of 

CVD films in a vacuum ambient has been proposed to improve 

oxide quality. 

The CVD silicon dioxide thin film is grown on a clean 

silicon wafer by reacting DES and oxygen gas at a 

temperature about 450̊ C. As illustrated in Figure 1, in the 

experimental reactor, the reactor chamber consists of a 19.1 

cm inner diameter quarts tube in a 155 cm long five heating 

zoned, Lindberg furnace. At one end liquid source can 

injected from a glass bubbler into the reaction chamber. For 

the injection system, due to the pressure differential 

between the bubbler (containing DES liquid) and the vacuum 

chamber, the evaporated gas passes through the mass flow 

- 11 - 



controller into the reaction chamber. Oxygen flow into the 

reaction chamber is controlled by a mass flow controller. 

Edwards High Vacuum Pump with a Mechanical Booster Drive is 

used to create the necessary vacuum in the system. Two 

cooling fans were installed at both ends> of chamber to avoid 

overheating of O-ring. 

The properties of the CVD thin film are dependent on 

the deposition conditions and the reactor. The characterized 

CVD deposited silicon dioxide samples are included in two 

series: 

i. DES flow rate series: 

The SiO2  films were deposited at various DES flow rate 

from 20 to 150 sccm, a ratio of O2  to DES of 2, a pressure 

of 0.5 Torr, and a temperature of 450°C. 

ii. Deposition temperature series: 

The silicon dioxide films were prepared by various 

temperature from 375°  to 475°C, a ratio of O2  to DES of 2, a 

pressure of 0.5 Torr, and a constant DES flow rate of 50 

sccm. 

The details information of the CVD SiO2  thin film 

preparation are given in table 2 and table 3. 

The relation between SiO2  deposition rate in Amin and 

the flow rate of DES is given in Figure 3. The almost linear 

dependence of logarithm deposition rate of CVD SiO2  with 

deposition temperature is given in Figure 4. 
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Table 2. Si02 thin film samples preparation conditions (Flow rate series ) 

sample 

ID # 

condition of deposition deposition 

temp 	ratio 	flow rate 	pressure 
oC 	O2/DES 	DES(sccm) 	(Torr) 

rate 
(mg/hr.) 

J74 450 2 150 0.5 18.9 

J65 450 2 120 0.5 * 21.6 

J44 450 2 100 0.5 13.1 

J60 450 2 85 0.5 13.8 

J47 450 2 65 0.5 10.8 

J52 450 2 50 0.5 9.7 

J40 450 2 35 0.5 * 14.0 

J56 450 2 20 0.5 8.8 

* Double side deposition 

The rest are single side deposition. Those were made by back 

to back side of wafer. 

Table 3. SiO2  thin films samples preparation conditions (temperature series) 

sample 

ID # 

condition of deposition deposition 

rate 
(mg/hr.) 

temp 	ratio 	flow rate 	pressure 
oC 	O2/DES 	DES(sccm) 	(Torr) 

 
J95 375 2 50 0.5 6.3 

J92 400 2 50 0.5 8.7 

J98 425 2 50 0.5 10.8 

J104 450 2 50 0.5 14.5 

J101 475 2 50 0.5 15.2 

All of silicon dioxide samples which list in this table 

are double side deposition. 
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Figure 3. Deposition rate as a function of Diethylsilane flow rate for LPCVD 
deposited Silicon dioxide from DES [11]. 
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Figure 4. Silicon dioxide film Deposition rate as a function of temperature for 
LPCVD deposited silicon dioxide from DES [11]. 
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3.2 INFRARED SPECTROSCOPY 

3.2.1 Introduction of infrared spectroscopy 

The infrared region of the spectrum encompasses 

radiation with wavenumbers ranging from about 12,800 to 10 

cm-1  or wavelengths from 0.78 to 1000 um. From the stand-

point of both application and instrumentation, it is 

convenient to subdivide the spectrum into near-, middle-, 

and far-infrared radiation; rough limits of each are shown 

in Table 4. The majority of analytical applications are 

confined to a portion of the middles region extending from 

4000 to 400 cm-1  or 2.5 to 25 um. 

Table 4 . Infrared spectral regions. 

Region 

wavelength(λ ) 

Range, µm 

Wavenumber (σ)  

Range, cm-1  

Frequency (ν) 

Range, Hz 

Near 0.78 to 2.5 12800 to 4000 3.8x1014  to 1.2x1014  

Middle 2.5 to 50 4000 to 200 1.2x1014  to 6.0x1012  

Far 50 to 1000 200 to 10 6.0x1012  to 3.0x1011  

Most used 2.5 to 15 4000 to 670 1.2x1014  to 2.0x1013  
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In order to absorb infrared radiation [14), a molecule 

must undergo a net change on dipole moment as a consequence 

of its vibrational motion. Only under these circumstance can 

the alternating electrical field of the radiation interact 

with the molecule and cause changes in the amplitude of its 

motion. The dipole moment is determined by the magnitude of 

the charge and the distance between the two centers of 

charge. 

There are basically two kinds of vibrations: Stretching 

and bending. A stretching vibration involves a continuous 

change on the interatomic distance along the axis of the 

bond between two atoms. Bending vibrations are characterized 

by a change in the angle between two bonds and are of four 

types: scissoring, rocking, wagging, and twisting. The 

various types of vibrations are shown schematically in 

Figure 5. 

3.2.2 The application of the infrared spectroscopy in Si02  thin 

film 

Infrared spectroscopy is a very useful technique which 

can determine the chemical nature of a thin film. The 

absorption band intensities of transmitted spectra are 

roughly proportional to the film thickness, i.e, they obey 

Beer's law well and are much better for qualitative 

determinations than reflection spectra. 
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When infrared radiation of a particular frequency is 

passed through a sample containing molecular species, it may 

or may not be absorbed. If all frequencies are passed 

through, each will be absorbed to varying degrees, depending 

on the molecular species involved. 

As an example in Wong's early work [15], a typical 

spectrum of absorbance versus wave number (cm-1) (wave 

number = 1/wavelength) for both vitreous quartz and thermal 

growth silicon dioxide thin film is illustrated in Figure 6. 

The thermal growth silicon dioxide (1000°  -1200°C) is formed 

by the oxidation of the silicon itself [16]. This oxide is 

very reproducible and very stable chemically under 

controlled oxidation conditions. The infrared spectra of 

thermal oxide serves as a standard by comparing of band 

position (indicating the difference of dense and bond angle 

of Si-O-Si) and band intensity (to be proportional to the 

thickness of the film) of SiO2  deposited by other 

techniques. The 1080 cm-1  absorption band in Figure 6 used 

for quantitative analysis arise from the vibration of Si-O-

Si for thermal growth silicon dioxide. The shifting of this 

band indicates the dense changing of SiO2  (higher frequency 

is contributed by more dense and large Si-O-Si bond angle 

than lower frequency). It can be  seen in Figure 7, that 

other absorption bands for SiO2  at ~  800 cm-1  and 460 cm-1, as 

indicated by Kobeda, Kellam and Psburn [17], are an in plane 

bending and an out-of-plane rocking vibration respectively. 
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Figure 5. various types of vibration in infrared spectra. Note: + indicates motion 

from the page toward the reader; - indicates motion away from the reader 

[14]. 
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Figure 6. Infrared spectrum of vitreous quartz and thermal growth SiO2  film [15]. 
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Figure 7. A typical infrared spectrum with the Si substrate signal electronically 

subtracted. The dark circles represent Si and the light circles oxygen [17]. 
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3.3 CHEMICAL ETCH TECHNIQUES 

3.3.1 Introduction of wet etching 

Wet etching has played an important role in 

semiconductor fabrication from the very beginning of this 

technology, because it is fast, simple, and convenient. In 

recent years, with the advent of plasma etching as the 

emerging technology, wet etching has been relegated to 

secondary status in spite of the fact that it remains the 

1st widely-used etching process [18]. 

3.3.2 Basic etching theory 

There are four main types of etching precesses: 

I. Dissolution: 

The dissolving of a material in a liquid solvent 

without any change in the chemical nature of the dissolved 

specie (not a very prevalent practical etch). 

II. Oxidation-Reduction (Redox): 

This is the conversion of material to a soluble higher- 

oxidation state, 

Example: m -> mn+  + ne- 	 (1) 

These reaction may occur in a completely chemical system 

through the use of an oxidizing agent, or in an 
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electrochemical cell. 

III. Complexation: 

This is a common reaction with oxidation-reaction 

ligand groups (an atom or group of atoms which donates a 

pair of electrons to a central atom forming a bond) surround 

and bond chemically to the etched species forming a soluble 

complex, ion , or molecule. 

IV. Gas phase: 

Involves the vaporization of the etchant in a vacuum or 

inert atmosphere, usually at high temperature. The vapor 

reacts with the surface to be etched to produce volatile 

products. 

3.3.3 Chemical etching SiO2  

The amorphous nature of SiO2  causes etch rates to be 

nondirectional. SiO2  etching is accomplished by HF and 

fluorine ions in solution. The typical reaction is as 

follows [19]: 

SiO2  + 6HF <=> H2SiF6  + 2H20 	 (2) 

Going through the literature in 1960s and 1970s, many 

papers have published about SiO2  wet etching. Most 

evaluation work have done for SiO2  film with comparing the 

different deposition processing. The various etchants have 

been employed for different processed SiO2  film. There are 

the different concentrated HF solution [20,21,22,23], 
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buffered HF solution (the addition of NHF4  to HF is called 

buffering and the resulting solution is buffered HF) [20, 

23, 24, 25, 26] and P-etch [20, 12, 27, 28, 29, 30] etchants 

for SiO2  etching studies. 

3.3.4 P-etch for SiO2  thin film 

The first step in selecting an oxide etch process is to 

define the goals for the process. Determine what range of 

oxide thickness desired. With these goals in mind it becomes 

relatively easy to select a process. In this work the 

purpose is to remove the controllable very thin layers of 

SiO2. In order to evaluate the SiO2  films with different 

deposition conditions, a lower etch rate is necessary. In 

literature the data show us that for thermal growth SiO2, 

the etch rate is about 5000 Amin. in concentrated HF 

solution[22], 1000 Amin. in buffered HF [25], and 125 

Amin. [30] in P-etch solution; for different processes CVD 

SiO2  films, the P-etch rate in the range of 800 to 950 Amin 

[22, 30]. In this work the thickness of the SiO2  film which 

prepared with the different condition in the range of 3000 

to 7000 angstrom (A), the P-etch should be the good choice 

for this study. 

The selected P-etch solution [6] consists of 15 parts 

hydrofluoric acid (49%), 10 parts nitric acid (70%), and 300 

parts water. 
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3.4 THERMAL ANNEALING 

3.4.1 Introduction of thermal annealing 

In general, dielectric films such as SiO2  deposited in 

CVD processes are amorphous films. For a comparison with the 

thermal growth silicon dioxide films, the thermal annealing 

technique has been used for improving the silicon dioxide 

quality films. The densified silicon dioxide films which 

were deposited at different conditions are compared with 

thermal growth silicon dioxide films in order to determine 

the extent of densification. 

The films can be densified by short term exposure in 

different ambients (steam, various dry gases, or vacuum) at 

varies temperatures. The steam is more effective for 

densification than dry gases and vacuum. P-etch rate of 

silicon dioxide shows initially that deposited film is much 

faster than that exposed at high temperature [30]. 

3.4.2 The thermal annealing of SiO2  

Generally, the densified process results in increasing 

refractive index, decreasing the P-etch rate, and decreasing 

film thickness. Infrared spectra of the densified SiO2  film 

show a shifting of strong stretching Si-O-Si band (~ 1070 

cm-1) to higher frequency and decrease in band width after 
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densification [30]. As previous mentioned this is the 

results of the more dense film and the strain of the bond. 

The degree of band shifting of SiO2  film depends on the 

deposition and annealing temperature. 

3.5 REFRACTIVE INDEX, ELLIPSOMETRY 

3.5.1 Introduction of ellipsometric technique 

During the past decades, ellipsometry acquired 

increasing importance in industrial areas, particularly in 

the technology of microelectronic devices. 

Most application of ellipsometry in the technology of 

microelectronic devices comprise the investigation of thin 

insulating films, usually on semiconductor substrates. For a 

variety of industrially used substrate-film systems, ellip-

sometry becomes one of the standard analytic techniques. 

Aside from thermally grown or anodic oxides, these films are 

usually deposited by plasma enhanced oxidation or deposi-

tion, or by chemical vapor deposition. These processes are 

generally established although effort is still required to 

fully understand the dynamics of the mechanisms involved in 

some of them. 

3.5.2 Basic physics of ellipsometry 

Ellipsometry is a technique for the contact-less and 
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non-destructive optical characterization-of surfaces [31]. 

It is based on the fact that a monochromatic electromagnetic 

wave changes its state of polarization if it strikes 

nonperpendicularly the interface between two dielectric 

media. 

The ellipsometer creates an elliptically polarized 

monochromatic light beam, and then evaluates the light beam 

on reflection from a thin film. The essential ingredients 

from an ellipsometer are shown in Figure 8. A monochromatic 

beam of light passes into a polarizer where it becomes plane 

polarized. It then passes through a compensator which 

converts it into an elliptically polarized light beam. After 

reflection from the-substrate-thin film, it passes through 

an analyzer. If it had been converted back to plane 

polarized when it had been reflected, then it would be 

possible to rotate the analyzer to find a true minimum 

intensity. The technique then is rotated to determine the 

position corresponding to a minimum in light intensity. The 

pair azimuth angles are: the polarizer P, and the analyzer 

A. These two scalar ellipsometric angles obtained from one 

ellipsometric measurement permit the calculation of two 

independent scalar parameters of the sample. The calculation 

from P and A results in psi and delta. The subsequent 

analysis of psi and delta makes the actual determination of 

the sample parameters. 

The parameters determined most frequently in technical 

- 27 - 



tronics, are the thickness and the refractive index of a 

thin dielectric or slightly absorbing film on a substrate 

with known properties. The refractive  

renders valuable information about the film composition or 

structure. Ellipsometry is the only technique which within a 

certain thickness range (particularly for films in the 

thickness region of a few hundred nanometers or less). 

A computer program simulation is available to 

ellipsometric measurement. Although, details of the computer 

simulation will not be discussed here. This simulations is 

essentially based on the data of the system silicon-SiO2-air 

and the necessary data P & A was input with the thickness 

and the refractive index of the film output. The following 

parameters (Table 5.) were used in the simulations. 

Table 5. Standard data for the computer simulations [29] 

Ellipsometer: PRSA null ellipsometer 

Wavelength: λ = 632.8 nm 

Angle of incidence: a = 70° 

Retarder: ideal quarter-wave plate 

Transmittance ratio: Tc = 1 

Phase shift: Ac = 900  
Azimuth medium: 0 = - 45° 

Immersion medium: air 	(nm = 1) 

film medium SiO2 	(nf = 1.45) 

Substrate medium: Silicon (ns  = 3.85) 
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Figure 8. Elements of PRSA (Polarizer-Retarder-Sample-analyzer) ellipsometer 
t291• 
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3.5.3 Refractive index measurement of silicon dioxide films 

The measurement of refractive index was accomplished by 

using two instruments: The refractive indices of temperature 

series sample were carried out by using Rodolph Ellipsometer 

(The wavelength is 6328A). Others measurements were measured 

by using Thin Film Ellipsometer, type 43603-200E, Ser No. 

5093, RuDolph Research Flander, NJ. The mercury light as a 

light source with the wavelength 5461 A. 

3.6 THICKNESS MEASUREMENT 

3.6.1 The introduction of thin film thickness measurement 

method 

Thickness measurements are important because depths of 

the various films combined in an electronic device determine 

many of its operating characteristics. Table 6 lists various 

methods in common use for determining thickness. 

The measurement of film thickness can be fairly simple 

measurement or quite complex, depending on the nature of the 

film. A very thin film on a dielectric substrate may be 

scanned by visible light [32]. 

In addition, the relative magnitude of the index of 

refraction of film and substrate is important [33]. If 

transmittance is observed for nf  > ns  at a given wavelength 
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with increasing film thickness (here nf, ns  is refractive 

index of the film and the substrate respectively, it will 

at first be found to decrease, reaching a minimum at a 

thickness value which corresponds to 7/4 of the light used 

for the investigation (here λ  is wavelength). Then the 

transmittance will increase up to a maximum at λ/2, and so 

on; i.e., maxima will be found at "optical thickness" nt = m 

λ/2, and minima will occur for nt = (2m + 1)λ/4 (t is the 

physical film thickness, n is the index of refraction, and m 

is an integer). The position of maxima and minima is 

reversed if the reflectance is measured. The sequence for 

occurrence of maxima and minima is also reversed for 

nf 

 < ns  

as compared with 

nf 

 > ns. This averaging technique requires 

that light be transmitted through the sample and neglected 

multiple reflection. 

3.6.2 Silicon dioxide thin film thickness measurement 

Optical techniques are available for thickness 

evaluation of SiO2  thin film on silicon. The interference of 

a nonabsorbable materials on a dielectric substrate shows a 

color effect. The color of a thin film could be correlated 

to its thickness (as SiO2  on silicon in table 7) [13). In 

fact, one of the more useful aspects of this technique is 

that one can make rapid judgements as to film uniformity. 
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Table 6. Various methods for thin film thickness measurement IN 

I 

DESTRUCTIVE 

METHODS 

A. 	Step height 

1. 	Interferometry: 

a. Single beam 

b. Multiple beam 

B. 	Sectioning : 

1. Angle lap and stain 

2. Grooving 

3. Cleaving along crystal planes 

II 

NON- 

DESTRUCTIVE 

METHODS 

A. 	Mechanical: 

1. Weight difference 

2. Electronic thickness gauge 

3. Stylus techniques 

B. 	Optical: 

1. Stacking faults 

2. 	Infrared reflection 

3. Optical density 

4. Reflection: 

a. X-ray 

b. Beta ray 

5. Ellipsometry 

6. Frustrated total internal reflection 

7. Variable angle monochromatic fringe observation 

8. Step gauge color comparison 

C. 	Electrical: 

1. Frequency change of quartz crystal oscillations 

2. Change of resistivity, 	Hall mobility Hall constant, etc. 

3. Eddy current methods 

III 

METALLIC TESTS 

MAGNETIC METHODS 

A. Force of attraction 

B. Parallel 	flux 

C. Transformer principle 
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Table 7. Color Chart for SiO2  films observed perpendicularly under daylight 
fluorescent lighting [13]. 

Film thickness 
(microns) 

Order 
(5450 A 1 Color and Comments 

Film Thickness 	Order 
(microns) 	(5450 A) Color and Comments 

0.05, 
0.07, 
0.10, 
0.12. 
0.15, 

Tan 
Brown 
Dark violet to red-violet 
Royal blue 
Light blue to metallic blue 

0.630  
0.68 

Violet-red 
"Bluish." (Not blue but border 
line 	between 	violet 	and 	blue 
green. It appears more like a mix 
ture between violet-red and blue 

0.17, I Metallic to very light yellow- 
green 0.72 	 IV 

green and over-all looks greyish) 
Blue-green to green (quite broad 

0.20„ Light gold or yellow-slightly 
metallic 

0.77 
0.80 

"Yellowish" 

Orange (rather broad for orange 
0.22i Gold with slight yellow-orange 0.82 Salmon 

0.25, Orange to melon 0.85 Dull, light red-violet 
0.27, Red-violet 0.86 Violet 
0.30„ Blue to violet-blue 0.87 Blue-violet 
0.31, Blue 0.89 Blue 
0.32 Blue to blue-green 0.92 	 V Blue-green 
0.34, light green 0.95 Dull yellow-green 

0.35, Green to yellow-green 0.97 Yellow to "yellowish" 
0.36, II Yellow-green 0.99 Orange 
0.37;  Green-yellow 1.00 Carnation pink 
0.39 Yellow 1.02 Violet-red 

0.41. Light orange 1.05 Red-violet 
0.42, Carnation pink 1.06 Violet 
0.44, Violet-red 1.07 Blue-violet 
0.46, Red-violet 1.10 Green 
0.47, Violet 1.11 Yellow-green 
0.48„ Blue-violet 1.12 	 VI Green 
0.49, Blue 1.18 Violet 
0.50. Blue-green .19 Red-violet 
0.52, Green (broad) 1.21 Violet-red 
0.54, Yellow-green 1.24 Carnation pink to salmon 
0.56 Ill Green-yellow 1.25 Orange 
0 57, Yellow to "yellowish." (Not yel- 

low but is in the position where 
yellow is to be expected. At times 
it appears to be light creamy grey 
or metallic.) 

1.28 
1.32 	 VII 

1.40 
1.45 
1.46 

"Yellowish" 
Sky blue to green-blue 
Orange 
Violet 
Blue-violet 

0.586  Light-orange or yellow to pink 
borderline 

1.50 	 VIII 
1.54 

Blue 
Dull yellow-green 

0.60„ Carnation pink 
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4. EXPERIMENTAL RESULTS AND DISCUSSION 

4.1 INTRODUCTION 

The experimental results of the characterization SiO2  

thin films are given in this chapter: in section 4,2 is the 

investigation of SiO2  infrared spectroscopy ; in section 4.3 

is etching rate study of silicon dioxide and refractive 

indices measurement of SiO2  is discussed in section 4.4. 

4.2 INFRARED SPECTROSCOPY 

The quality of the thin film is strongly influenced by 

the deposition conditions such as deposition temperature, 

deposition rate, flow rate of chemical source, ratio of 

oxygen with DES, total pressure, type of reaction and etc. 

The porosity and the strain in the films will result in 

differences in the infrared spectra from the spectra 

obtained for thermal growth silicon dioxide. 

In this study the infrared absorption characteristics 

of all SiO2  films samples were investigated by using a 

Perkin-Elmer 580 double-beam grating Infrared Spectro-

photometer. In all cases, a new silicon wafer of the same 

thickness and of the same crystal orientation as the sample 

was placed in the reference beam to eliminate substrate 
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absorption bands. 

4.2.1 Effect of thickness on Si-O-Si absorption band 

The infrared absorption, band position and intensity is 

a function of the thickness of the SiO2  thin film. The 

sample (J-31) was deposited at the flow rate of DES is 30 

sccm, a ratio of O2  to DES of 2, a pressure of 0.5 torr and 

a temperature of 450°C. The infrared spectra of J31 with 

different thickness are given in Figure 9. The spectra were 

taken after each etching at room temperature, which removed 

a thinner layer of film. The number on the curve indicated 

how many times of etching test. The thickness after each 

etching was determined by NanoSpec/AFT200 (see detailed at 

section 3.6, page 30). The data of thickness after each 

etching are given in the Left corner of Figure 9. 

From figure 9 it can confirm that the absorbed 

intensity decrease with the thickness decreasing, the band 

shift slightly to lower frequency, and the band width at 

half height decreasing. If only if there is no structure 

change. 
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Figure 9. Absorbance of Si02 film (J31) with different thickness after each etching, 
the number on the spectra indicated times of etching. 
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42.2- Effect of deposition temperature on absorption band 

Two samples (J95 and J101, thickness is 4461 A and 5380 

A respectively) were deposited at 3750  and 475°C respec-

ively, the other parameters were kept the same (see detailed 

in Table 3., page 13). However as shown in Figure 10, the 

infrared spectra have distinguishable difference. For these 

two samples, the strong stretching band is 1068 cm-1  and 

1075 cm-1  respectively, and the bending band is 819 and 815 

cm-1  respectively. Due to the lower deposition temperature 

at 375°C, the 1070 cm-1  band is broad and shifted to lower 

frequency (1068 cm-1), whereas the bending band at 800cm-1  is 

shifted to a high frequency. The band width at half height 

of sample J95 and J101 are 123 and 113 cm-1  respectively. In 

comparing CVD deposited silicon dioxide film with thermal 

oxides, which the stretching band is at a frequency of 1080 

cm-1  [15] (Figure 6, page 20). The band positions in the 

spectra of silicon dioxide film are a function of porosity 

and strain. Lower temperature deposited CVD silicon dioxide 

(J95) somewhat porous film shows greater difference of the 

band position with thermal dioxide than the higher 

temperature deposited film. The band of higher temperature 

deposited film (J101) is sharper than lower temperature 

deposited film (J95). This results is agreement with 

Pliskin's study [18]. It should be noted that both the 
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band positions and half widths of thermal oxide vary 

slightly with thickness [32]. 

4.2.3 effect of annealing temperature on Si02  thin film quality 

In this study, the annealing of the selected silicon 

dioxide samples from the flow rate series and deposition 

temperature series (refer Table 2 and Table 3) was carried 

out in a vacuum at temperatures of 6000, 7500, and 900°C 

respectively. The infrared spectroscopy, P-etch rate and 

refractive index measurement of these samples were performed 

after annealing. The discussion of the results in this 

section has been separated into three parts: 

i. The annealing effect on the stretching and bending 

vibration of the Si02 thin film. 

ii. The annealing effect on 3 um band of infrared 

spectra 

iii. The annealing effect on the weak band at the 

frequency of 890 cm-1. 

i. 	The annealing effect on the mainly stretching and bending vibration of 

the Si02 thin film. 

The shifting of Si-O-Si stretching band of silicon 

dioxide infrared spectra after annealing at different 

temperatures are given in table 8. As represented in Table 

8, the shifting of the Si-O stretching band depends on both 
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Figure 10. Infrared spectra of SiO2  at different deposition temperature. 
(A), J95, 375 °C; (B), J101, 475 °C . 
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both the temperature of deposition and annealing. The 

spectra of sample J101 and J95 (annealing at 600°C) is given 

in Figure 11 and 12 respectively. In Figure 11, spectrum A 

is that of silicon dioxide film formed at 475°C (J101) and 

spectrum B is the same film after having been densified in 

vacuum at 600°C for 1 hr. There is no shifting can be found 

in Figure 11 after annealing at 600 for sample J101. As 

expect, the Si-O-Si stretching band of sample J95 (deposited 

at 375°C) is shifted from 1070 to 1082 cm-1  after annealing 

at the same temperature (Figure 12 and Table 8. for sample 

J95). After thermal annealing it is found that the infrared 

spectrum of CVD deposited SiO2  film shows the stretching 

band shifting to higher frequency. As previously mentioned, 

the stretching band position of nondensified silicon dioxide 

films at lower frequency show porous (less dense) and the 

atomic arrangement is more irregular than that the same film 

after a annealing. 

Table 8. The annealing effects on infrared spectra of SiO2  films deposited at 
different temperatures. 

sample deposition 
ID 	temp (°C) 

annealing 
temp (°C) 

IR band 	at ~  1070cm-1  
before 	after 	shift(cm-1) 

J98 425 900 1070 1080 10 
J95 375 600 1070 1082 12 
J95 375 750 1070 1080 10 
J95 375 900 1070 1085 15 
J101 475 600 1070 1070 0 
J101 475 750 1070 1080 10 
J101 475 900 1070 1085 15 
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Figure 11. Infrared spectra of SiO2  film deposited at 475 °C (J101): (A) initial 
deposited film; (B) after annealing at 600 °C 1 hr. 
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Figure 12. Infrared spectra of SiO2  film deposited at 375 °C (J95); (A), initial 
deposited film; (B), after annealing at 600 °C 1 hr. 
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The degree of shifting is a function of annealing 

temperature for the same film (Table 8). The stretching band 

of sample J101 shifted 0, 10, and 15 cm-1  to higher 

frequency at the annealing temperature of 600, 750, and 

900°C respectively; and J95 shifted 12, 10, and 15 cm-1  over 

the same annealing temperature range. In Kobeda's the work 

[17], it shows that the frequency of the bond stretching 

vibration is approximated by 

v  = vosin θ 	 (1) 

where v is the stretching band frequency at - 1070 cm-1, vo  

is 1117 cm-1  [16], and 2θ  is bond angle as indicated in 

Figure 13. Considering the bonding arrangement in Figure 13 

the distance between the Si atoms, d, is related to the Si-O 

bond length, ro, by 

d = 2rosin θ 	 (2) 

Equation (2) shows that the distance between Si atoms in 

SiO2  depends directly on the bond angle 2θ  at the oxygen 

atom site, and a shift to lower or higher wave number can be 

interpreted in terms of a decrease or increase in the Si-O-

Si bond angle and the Si-Si distance. The bond angle was 

estimated to be 147° ± 10° for thermal oxide [15]. The 

untreated initial deposited SiO2  films result in related 

lower frequency and the broader width of the stretching band 

as a result of large distribution of bond angles. In the 

other words, the strain of the Si-O-Si molecule causes the 

band shifting to higher frequency and sharper. 
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Figure 13. The Si-O-Si bonding arrangement. 
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ii. The annealing effect on 3µ  band infrared spectra 

This section will discuss the results in higher 

frequency region of infrared spectra of SiO2. The higher 

frequency region (~  3µ) of spectrum where absorptions due to 

hydrogen bonded SiOH groups (3650 cm-1) and absorbed water 

(~  3330 cm-1) occur [28]. It is important because water and 

silanol groups are the impurity in low-temperature deposited 

silicon dioxide films. The intensity of these absorptions 

are an indication of the degree of porosity of the film. 

Figure 14, 15 represented a weak absorption in the 3µ  

region of sample J101 and J95 respectively. In spectrum A of 

Figure 14, sample J101 was deposited at 475°C , and spectrum 

B is that of the same sample was densified in vacuum at 

900°C for 1 hr. By comparison with the spectrum of initial 

deposited film in Figure 14, it shows that the densification 

was sufficient to remove the adsorbed water. The similar 

result of sample J95 which was densified at 600°C is given 

in Figure 15. 

Details on the characterization of silicon dioxide 

films in this region have been described in some early 

publishes [15, 18, 24, 28] . The similar results in this 

work indicated the presence of residual hydrogen in the form 

of OH and H2O. It resulted disappearing of the 3µ  band 

spectra and obtaining more dense of SiO2  films after 

annealing. 
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Figure 14 Infrared spectra around 3u band for sample 3101 (475°C deposited); (A), 
initial deposited film; (B), after heating at 900°C 1 hr. 
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Figure 15. Infrared spectra around 3u band for sample J95 (375 °C deposited); (A), 
initial deposited film; (B), after heating at 600 °C 1 hr . 
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iii. Me annealing effect on a weak band at the frequency of  890 cm -1  

From silicon dioxide films deposited at 375 and 475°C, 

the infrared spectra of these films represented the presence 

of another very weak band of at 890 cm-1  before annealing 

(Figure 11, 12), and disappear after annealing. Pliskin [18] 

found a similar band at 935 cm-1  from the spectrum of 

electron-beam-evaporated SiO2  which was taken after 24 days' 

exposure to 85% relative humidly at 85°C. He found that this 

band disappeared after densifying the film by heating for 

ten minutes at 983°C. Pliskin's result indicated that the 

935 cm-1  band is attributed to the Si-O-Si stretching 

vibration strongly hydrogen-bonded silanol (SiOH) groups, 

thus showing that water has reacted with the SiO2  to form 

SiOH (This band can be seen in rest of infrared spectra of 

our nondensified SiO2  films). In this work the dis-

appearance of this very weak band after annealing 

demonstrated that SiOH was removed, due to the more dense 

structure, the less area for the absorption of the water. 

Pliskin et al'  [33] study shows that the slower 

deposition rates and for the poor vacuum conditions films of 

higher oxidation states can be formed including an 

intermediate type of oxidate that produces a weaker 

intensity band near 870 cm-1. This is believed to be Si2O3, 

and it has a refractive index intermediate between those for 
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SiO2  (1.45) and SiO (1.99) [30]. In order to avoid oxygen 

deficiency, the oxygen to silane ratio should be greater 

than 10 [33], as in the case of low-temperature-oxidation of 

SiH4. When this ratio falls below four, Valletta et  al. [34] 

observed an absorption at about 870 - 880 cm-1, attributed 

to the oxide inter-mediate Si2O3. Generally, when this band 

is present, there is also an absorption band at 2170 cm-1  

due to Si-H. 

In this work, the presence of the weak band of SiO2  

spectrum at ~  890cm-1, it can be confirmed by the refractive 

index measurement before and after the densification with 

the same value of n = 1.45, shows that the film is exactly 

SiO2. The absence of the band at about 2170 cm-1  

substantiates that 890 cm-1  band is due to the extra water 

absorbed by SiO2. 

4.2.4 Effect of DES flow rate on Si-O-Si stretching band 

The amount of band shifting in infrared spectra for the 

DES flow rate series are given in Table 9. The band shifting 

in infrared spectra after annealing is independent of DES 

flow rate. This fact demonstrates that the structure of the 

CVD silicon dioxide films with different flow rates is 

almost the same. It agrees with the etch rate study (see 

details in section 4.3.1, page 51). 
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Table 9. The annealing effects on infrared spectra of Si02  films deposited at 
different DES flow rates. 

sample 
ID 

deposition 
temp(°C) 

annealing 
temp(°C) 

IR band 	at ~  1070cm-1 
before 	after 	shift(cm-1) 

J56 900 1075 1085 10 
J47 900 1075 1085 10 
J74 600 1070 1085 5 
J74 750 1070 1080 10 
J74 900 1070 1085 15 

4.2.5 Effect of annealing temperature on Si-O-Si stretching band 

(DES flow rate series ) 

Table 9 also shows that with the same annealing 

temperature (900°C), the amount of shifting of the Si-O-Si 

stretching band does not vary with DES flow rates. This 

attributed to the same molecular strain of SiO2  films with 

different DES flow rates. 
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4.3 ETCHING RATE 

A few samples were immersed in p-etch solution at room 

temperature for a short term (about 30 sec.), after which 

the thickness of the films were measured by Nanospectra. The 

etch rate was obtained from the slope of thickness verses 

etching time. (for example see Figure 16.) 

As the P-etch rate of silicon dioxide films were 

measured at room temperature, during the period of the 

experiments (from July to September) the room temperature 

was changed in a range of 21° to 26°C. The influence of this 

change on etch rate were examined and corrected (see section 

4.3.4, page 60). 

4.3.1 Etching rate of silicon dioxide films with varies DES flow 

rate 

The etching rates of the DES flow rate series SiO2  

samples (see Table 2 for the details) were obtained from the 

slope of the thickness vs etching time (Figure 16 and Table 

10). 
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Figure 16. The Si02 film thickness vs P-etch time for the DES flow rate series 
samples. The number following the curves indicate flow rate in sccm. 
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Table 10, Calculation data of  etch rate for DES flow rate series SiO2 films.  

sample ID .  J74 J63* J44 J60 J47 J52 J40* J56 

Flow rate 
of DES 	(sccm) 160 120 100 85 65 50 35 20 

P-etch rate 
(A/min) 900 900 900 900 900 920 920 900 

Double side deposition 

** 	See section 4.3.4 for etch rate correction 

For the DES flow rate series the etch rates have no 

significant difference with DES flow rates changing (see 

Figure 17, page 54). 

The similar etching rate around 900A/min for all of the 

samples were obtained. It agreed with the results in the 

infrared spectra of this series. 

4.3.2 Behavior of etching rate on deposition temperature series 

The etch rate of the temperature series were obtained 

from the slope of the thickness vs etching time are given in 

Figure 18 and Table 11. As shown in Figure 19, the etch rate 

of the temperature series varied linear with the deposited 

temperature. A comparison of the etch rates for the DES flow 

rate series, and the etch rates for the temperature series 

indicates that etch rate has a greater dependence on 

deposition temperature than the DES flow rate. 
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Figure 17. P-etch rate of silicon dioxide film is plotted with DES flow rates. 
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Figure 18. The SiO2  film thickness vs P-etch time for the temperature series 
samples. 
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Figure 19. P-etch rate of SiO2  film is plotted as a function of deposition 
temperatures. 
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Table 11. Etch rate of SiO2  films produced at various temperatures. 

sample ID J95 J92 J98 J104 J101 

Deposited 
temperature (°C) 375 400 425 4i0 575 

P-etch rate 
(A/min) 930 910 900 890 850 

* All of sample of temperature series are double sides 

deposition. 

** See detailed information at section 4.3.4 for etch rate 

correction. 

4.3.3 The different annealing temperature effect on etching rate 

of silicon dioxide films 

The selected SiO2  film samples underwent the thermal 

annealing at 600°, 750° and 900°C to vacuum for 1 hour res-

pectively. The etch rate measurement of SiO2  film shows 

quite different for all of these samples before and after 

densification (for example see Figure 20 for sample J95 and 

Table 12 for all samples). After annealing at 900°C, the P-

etch rate of silicon dioxide is about 1/3 of the original 

value. This result is in agreement with the results obtained 

from infrared spectra. 
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Figure 20. Effect of different annealing temperatures on etch rate of SiO2  film 
(J95). 
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Table 12. Effect of annealing temperatures on etch rate of SiO2  films 
(25°C) 

 
sample 

ID # 

 
etch rate (A/min.) 

original annealing 
at 600°C 

annealing 
at 750°C 

annealing 
at 900°C 

J95 930 530 380 280 

J98 900 500 360 	290 

J101 850 550 340 290 

J56 910 590 380 310 

J47 900 520 150 300 

J74 900 560 360 310 

4.3.4 Temperature effect on etching rate of Silicon dioxide films 

Temperature has an important influence on the etch rate 

of silicon dioxide films. The etch studies were performed at 

room temperature between 23° - 26°C. The influence of 

temperature on etch rate was examined under various well 

controlled temperatures at 30, 35, and 40 ± 0.02°C in a 

water bath. A plastic container (with a cover in order to 

avoid the vaporizing) with etchant was put in the bath. The 

experiments were started at room temperature (-25°C), heated 

for 5 minutes for each additional 5°C and left for 35 

minutes to achieve temperature equilibration. 

Three samples with different deposition conditions (see 
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detailed in Table 2 and 3) were examined at different 

temperature. At the same examined temperature the similar 

etch rates of were obtained for those samples (Table 13). 

The etch rate varying with temperature changing were 

obtained from the slope of the etch rate of silicon dioxide 

verse different temperatures (Figure 21). The average value 

of etch rate of silicon dioxide changing with the 

temperature varying per degree (Celsius) is 0.8 A/sec. The 

etch rates obtaining at different temperature were corrected 

by this factor to room temperature 25°C as shown in Table 

10, 11, 12. 

Table 13. Temperature effect of etch rate of silicon dioxide. 

sample 

ID # 
etch rate 	(A/sec) 

30 °C 35 °C 40 °C 

J92 15.83 21.26 26.22 

J44 16.03 18.79 22.06 

J60 15.65 19.69 23.41 
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Figure 21.P-etch rate of silicon dioxide as a function of measured 

temperature. 
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4.4 REFRACTIVE INDEX MEASUREMENT 

4.4.1 Refractive indices of deposition temperature series silicon 

dioxide films 

The result of the refractive index measurements of the 

temperature series SiO2  film samples is given in Figure 22. 

The refractive index was constant for all samples of this 

series. The refractive index has the same consistence for 

the samples in the DES flow rate series. 

4.4.2 Effect of wafer's position on refractive index measurement 

and thickness 

In the horizontal low-pressure reactor, the gases are 

inserted from one end of the reaction chamber, and flow 

along the wafer loading. For efficient utilization of the 

silicon containing gas, its partial pressure must decrease 

along the wafer loading. Unless compensated, this gas 

depletion causes the deposition rate to decrease along the 

wafer load, with variations in film thickness. The uni-

formity of the film at the different load position were 

examined by measuring the thickness, refractive index and 

calculated SiO2  density. The samples were selected in the 

run #25. The temperature was 450°C, the DES flow rate was 

150 sccm with the ratio of O2/DES was 2, and the pressure 
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was 0.5 Torr. The manner of wafers location in the chamber 

is given in Table 14, it also shows the thickness, 

refractive index, and the density of these SiO2  films. The 

thickness were measured in different manner, 5 points and 4 

points, with average infractive index of 1.45 respectively. 

The density were calculated with these different manner.The 

details is discussed in the following section. 
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Figure 22. Refractive index of silicon dioxide as a function of deposition 
temperatures. 
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Table 14. The refractive index, thickness, and calculated density of the SiO2  film 

from run #25. 

Position of wafers loaded in the chamber 

sample J71 J72 J73 J74 mean 

center index 1.452 1.455 1.447 1.444 1.45 

mass deposi. 28.4 26.8 25.4 15.1 	 (mg) 

T(5 points)A 8499 8108 7865 7244 	 

dens.(g/cm3) 2.10 2.07 2.02 2.64 2.01 2.05+0.04( A1 	) 

T(4 points)A 8352 7976 7752 	 7786 

dens.(g/cm3) 2.16 2.13 2.08 	 2.07 2.11+0.04( 	A2 	) 

dens.(g/cm3) 2.28 2.25 2.20 	 2.19 2.23+0.04( A3 	) 

* single side deposition 
Al Average density calculated from 5 points measurement. 
A2 Average density calculated from 4 points measurement. 
A3 Density calculated with the thickness ratio of front/back 
side = 1.12 from Run #50 wafer # J139, from 4 points 
measurement. 
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4.4.3 density of CVD deposited SiO2  film (uniformity of film) 

In Table 16 it can be seen-  that the wafer position in 

the chamber effects a changing of the film properties, such 

as thickness, refractive index, and the density. This effect 

comes from the concentration gradient of the reactant gas in 

the tubular. The thickness is decreasing as the wafer 

position increasing from the gas inlet, in the decreasing 

concentration direction. The refractive index changed in the 

same direction. Deposition using a double sides polished 

wafer yield a front (Tf) and back side (Tb) thickness which 

vary little, the ratio of Tf/Tb  is 1.12. (wafer J139). This 

ratio indicates the presence of a somewhat difference of the 

reactant gas concentraion in front and back side of the 

wafer. The face to the gas inlet direction has a slightly 

higher concentraion than the back side. The value of density 

obtained after the thickness correction with this ratio is 

2.23 g/cm3, the same as in early work [18]. 

The uniformity of the film across the whole wafer was 

examined. The thickness measured upon the whole wafer in the 

different direction is given in Figure 23 and 24 for the 

horizontal and the vertical direction respectively. It can 

be seen clearly from these two graphs, that the thickness 

changed quite much in either horizontal or vertical 

direction. It is going thicker from the center to the edge 

of the wafer. 
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Usually, the diameter cif the chamber 	slightly large 

than that the size of the wafer and the loading boat 

together. This desired size of the reactor and the loading 

wafer resulting good uniformity of the film. But in this 

experiment as previously mentioned in chapter 3, section 3.1 

(Page 12), the inner diameter of the reactor is 19.1 cm, but 

the total size of the wafer and the boat together is 11 cm 

in one direction. As the wafer and boat were put at the 

bottom of the reactor, the more space above and aside the 

loaded boat and wafer affects the flow pattern of the 

reactant gas. So that the ununiformity film formed. 

In this study the thickness were obtained from the 

average of 5 points measurement (as indicated in Figure 24). 

As can be seen from the profile of the whole wafer's 

thickness, the 5 point thickness measurement has 3 points on 

the "thicker" edge. If the average value of two horizontal 

points (point 3 and 4 in Figure 24) is used instead of two 

points, the end result by using the mean value of 4 points 

instead of 5 points, can obtain the value of the thickness 

(Table 14). The better statistic weight resulted the 

calculated density of CVD deposited silicon dioxide close to 

the literature value of 2.2 g/cm3 [18]. The influence of the 

calculation of density can be found in Table 14. 
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Figure 23. Thickness profile of SiO a film (in horizontal direction). 

- 68 - 



Figure 24. Thickness profile of SiO 2 film (in vertical direction). 
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5. CONCLUSION 

On the basis of the described results, the following 

conclusions can be made: 

I. Silicon dioxide films can be characterized on the 

basis of refractive index, etch rate, infrared spectra, and 

thermal densification. 

II. Films formed by low temperature have generally 

inferior properties to those formed by high temperature. 

However, deposition temperature has more influence than 

others. 

III. Porous and strained oxides can be densified to be 

indistinguishable from thermal oxides. 

IV. Surface of silicon dioxide reacted SiOH can be 

removed by densification. 

V. For a proper evaluation and differentiation of 

similar silicon oxide films, all of the described techniques 

must be accurately utilized. 
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