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Surface modification of porous SiO2 thin film deposited by sol-gel technique has been examined in detail. The surface 
modification of porous films using hexamethyldisilazine (HMDS) has been carried out successfully to remove silanol (Si-OH) 
groups and thereby achieved a lower dielectric constant (k) of the deposited thin films. Surface profile, thickness and 
refractive index of low-k thin films have been analyzed through Ellipsometer. The deposited films are observed to be having 
low-k and good uniformity before and after modification. The chemical bondings of porous SiO2 films have been realized by 
using Fourier transform infrared spectroscopy (FTIR). The increase of carbon peak in film with increase in HMDS proportion 
reveals that, the most of the hydroxyl (–OH) groups get converted to methyl groups which makes hydrophobic surface of the 
film.  
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1. Introduction 
 
Meso and micro porous materials are in great demand 

because of its potential applications as low dielectric thin 
films, chemical and biological sensor membranes, catalyst 
supports and gas separation membranes [1]. Particularly, 
low-k interlayer dielectric (ILD) materials are in great 
demand in Ultra Large Scale Integrated Circuits (ULSI) as 
these materials minimizes the resistance – capacitance 
(RC) delay, crosstalk and power consumption. In last few 
years many low-k materials including inorganic, organic, 
hybrid and porous [2-4] have been developed. The 
inorganic and hybrid materials have their limitations to 
lower the dielectric constant. However, the organic 
materials are having dielectric constant 2.6-2.8 but their 
thermal instability, softness, low resistance to plasma 
processes make them incompatible with traditional 
technological processes [5]. Therefore, the porous 
materials with ultra low dielectric constant are attracting 
more attention for ILD applications [6]. Based on the 
literature study it has been observed that, the pores on the 
surface of film remain open and interconnected thus, the 
number of gases, chemicals, and water easily penetrate in 
porous structure during different processes like etching, 
resist removal, Chemical mechanical polishing (CMP) etc. 
which significantly affects to the properties of the material 
[7]. For example, unreacted Si-OH groups present on the 
porous surface of film easily adsorb water during various 
process of IC fabrication, and due to high polarizability of 
the water that may drastically increases the dielectric 
constant of the film. Thus, it is of great concern to achieve 
stabilized electrical properties of the film to increase it’s 
reliability for integration in IC. 

For the purpose of film’s stability, it is important to 
modify the surface of thin films, a better solution to this is 
to prepare hydrophobic surface of the film and seal the 

pores present on the surface. Here, we have surveyed 
different techniques for surface modification. Some of the 
techniques are plasma treatments, UV treatments and 
chemical treatment. The chemical treatment or liquid 
environment treatment is cost effective and simple in 
which the deposited film is kept in the 
trimethylchlorosilane (TMCS) or HMDS liquid, such 
surface treatment is also referred as ‘Silylation’ [8]. TMCS 
and HMDS both chemicals replaces surface silanol groups 
with less polar methyl groups. However, TMCS contains 
chlorine produces hydrochloric acid during processing that 
may corrode metal used for interconnects whereas HMDS 
doesn’t contain any chlorine [9]. In present work, the 
porous films were deposited and modified further using 
the hexane and HMDS solution. Ellipsometer and FTIR 
characterizations have been employed for refractive index 
determination and chemical analysis respectively. The 
experimental work carried out to study surface 
modification is described in second part of paper. Third 
part of paper has results and discussion, the fourth part 
concludes the paper. 

 
2. Experimental 

 
The porous SiO2 thin films have been deposited on 

precleaned p type Si (100) substrates using the 
Tetraethylorthosilicate (TEOS) as source of Silicon. The 
TEOS to water ratio was kept at 1:2, ethanol used as 
solvent and HF as catalyst. Further, the deposited films 
were baked in an oven at 200 0C and then the films were 
chemically treated by soaking them for 1 hour in the 
solution of hexane, hexane and HMDS with different 
proportion ratios. The proportion of HMDS was varied 
from 0, 20, and 40 % with hexane. The samples named as 
a, b, c, d for as deposited, 0% HMDS, 20 %HMDS, and   
40 %HMDS respectively. In surface modification the 
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surface silanol groups get replaced by methyl groups of 
HMDS as shown in reaction- 

 
2 Sis –OH+ (CH3)3-Si-NH-Si-(CH3)3  →  2 Sis-O-Si-(CH3)3 +NH3 

 
This step is necessary because porous films contain a 

large amount of silanol groups at the pore surfaces, they 
will readily absorb moisture from atmosphere, which 
increases dielectric constant and causes hole poisoning and 
other integration problems. Further, Ellipsometer and 
FTIR characterizations were used to study different 
properties of the deposited thin films. 

 
 
3. Results and discussion 

 
 The deposited films were characterized by the Nicolet 

380 FTIR spectrometer in range 400-4000 cm-1 with            
4 cm-1 resolution & 128 scans for both sample and 
background (Reference) and the spectra in absorbance 
mode is as shown in Fig. 1. The Fig. 1(a) shows the as 
deposited film spectrum, while in Fig. 1(b) the spectrum of 
0%HMDS i.e. film is soaked in hexane only. The figure 
1(c) and 1(d) are spectra of films soaked in 20% and 40 % 
HMDS/ Hexane solution. The most intense absorption 
peak of Si-O-Si bond at 1075-1082 cm-1 occurs due to 
asymmetric stretching which confirms the formation of 
SiO2 network. It is clearly revealed from spectra that the as 
HMDS% increases the peak at 3400 cm-1 and 960 cm-1 
decreases, due to higher concentration of –OH group. 
Further, it has been observed that the Si-C and C-H peak at 
850 cm-1 and 2930 cm-1

 [10] respectively appears in 
samples c and d and this confirms that, the increase in 
HMDS converts most of –OH bonds to methyl groups and 
makes the film surface hydrophobic [11].  

 
 

 

Fig. 1. FTIR spectra of porous SiO2 films (a) Without modified 
(b) modified in hexane at 0%HMDS (c) modified in hexane at 

20%HMDS (d) modified in  hexane at 40%HMDS. 
 
 
The Fig. 2 represents the FTIR spectra of sample d 

wherein, spectrum (a) was taken just after modification 
and (b) after 5 days of modification. Thus no moisture 
absorption occurs even after 5 days it reveals that, the 
hydrophobic surface remains stable in atmospheric 

conditions. From Fig. 3 it is observed that, the Si-O-Si 
stretching wavenumber increases with the increase in 
HMDS proportion from 1076 cm-1 to 1083 cm-1. This 
increase in stretching wavenumber of deposited films is 
due to the incorporation of carbon. The carbon combines 
with silicon and oxygen to make a Si-O-C chain. This 
bonding of carbon with oxygen reduces the dielectric 
constant of the spin on deposited thin films. 

 
 

 
 
 

Fig. 2. FTIR spectra of porous SiO2 films modified in  hexane  
at 40%HMDS Just modified (b) after 5 days of modification. 
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Fig. 3. Si-O-Si stretching wavenumber with as deposited 
 and various surface modified. 

 
 
The surface modification is much needed for the 

protection of the thin films from the environmental 
moisture and other impurities during different layer 
deposition process on the low-k deposited thin films. 
Therefore, we have carried out the surface modification of 
porous low dielectric films to achieve hydrophobic 
surface. Here, we have used HMDS with different 
proportion to realize the surface modification variation. It 
is observed that, the surface modification affects to the 
peak area of Si-OH and C-H bond where the Silanol 
groups get replaced by C-H groups from HMDS with 
increase in HMDS proportion from 0 to 40% as depicted 
in Fig. 4.  

(a) 
(b) 

(c) 

(d) 

a 
b
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Fig. 4. Peak area of C-H and O-H bonds with as  
deposited and various surface modified films. 

 
 
The Table 1 shows the different chemical bondings 

present in film with its corresponding wavenumbers. The 
presence of C-H bond in sample c and d shows surface 
modification of films. The as deposited and surface 
modified films were also characterized by ellipsometer 
(Philips SD-1000). From Table 2 it is clear that the 
refractive index, thickness and dielectric constant of 
surface modified film are observed to be increasing 
slightly that may be due to the sealing of pores with 
methyl group but, the dielectric constant is yet low 
compare to that of conventional SiO2. The dielectric 
constant is determined from the refractive index through 
the formula given by Jung-Kyun Hong et al [12]. 

 
 

Table 1. Chemical bonds present in as deposited film 
 and  films soaked in HMDS with variation 0% to 40%. 

 

 
 
 
Table 2. Ellipsometric characterization of as deposited  

and surface modified thin film. 
 

 

4. Conclusions 
 
The surface modification of deposited porous thin 

films has been carried out successfully. The increase of C-
H group with increase in HMDS concentration confirms 
the surface modification of deposited porous film. The 
dielectric constant of surface modified film is 2.77 which 
is very much less than that of conventional SiO2. Such 
surface modified porous films are suitable for interlayer 
applications in ULSI circuits. 
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