
 

 

 

 

 

 

 

Chapter 5 

 

 

 

GLASS FILM CVD SCHEMES 
 

 

Experimental data presented above were explained in a number of reports, including the 

author’s publications and reviews [1-3,224,269]. In this chapter, we briefly summarize the 

simplest and effective explanations of silicate glass CVD commonalities, differences, and 

schemes of thin film CVD processes. 

 

 

5.1. GENERAL THIN FILM CVD PROCESS SCHEME 
 

The observed glass thin film CVD features were explained with a simplified multi-route 

and multi-step kinetic scheme developed for silicon-based thin film CVD processes. Repinski 

[42] proposed a multi-route approach for CVD processes for the first time in 1985 

considering as an example silicon nitride thin film CVD. This scheme was expanded by 

Vassiliev on polysilicon, silicon dioxide and glass thin film CVD processes [1,2,224,269]. 

Figure 1.25 represents a proposed general CVD thin film kinetic scheme with three reaction 

routes: a heterogeneous route (Route 1, HTG 1), a two-step reaction route (Route 2) of thin-

film formation, and a route of particles (aerosol) formation in the gas phase (Route 3) Route 2 

includes two first-order consecutive reactions of formation of an intermediate reaction 

product (IMP, 1
st 

step) and its further consumption (2
nd

 step). 

A simple scheme of consecutive reactions is expressed as follows: A  IMP  P. Here 

A represents a silicon-based compound, IMP is an intermediate product, and P is a silicon-

contained thin film. A homogeneous IMP formation (HMG) is assumed to occur in the gas 

phase, and a heterogeneous IMP consumption (HTG 2) with the film formation is supposed to 

occur on the substrate surface. This very general and simplified scheme is capable of 

explaining all of the basic experimental data. According to the scheme, the reaction route 

differs depending on the compound combination and the deposition conditions. For instance, 

the CVD features of the TEOS pyrolysis reaction can be explained using the heterogeneous 

reaction route HTG 1. Despite a few explanations of a possible reaction mechanism of TEOS-

ozone CVD process (see, for instance, [313]), we have also chosen the heterogeneous route 

HTG 1 to explain this very specific “surface-sensitive” process [122]. In fact, despite some 

differences, a very good film thickness uniformity as well as excellent step coverage and gap 

fill are the common features of these TEOS-based deposition processes.  
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In contrast, silane-based APCVD/LPCVD oxidation and PECVD processes were 

explained with the same scheme but with a two-step reaction route. Their differences in the 

observed thin film kinetic features were explained by the difference in the limiting step of the 

two-step reaction route II. The latter is assumed to be either a step of homogeneous formation 

HMG of intermediate IMP (1
st 

step), or a step of its heterogeneous consumption HTG 2 (2
nd

 

step). For silane-based oxidation processes and PECVD processes, the reactions are supposed 

to be limited by the 1
st
 step, i.e., step of gas-phase intermediate product formation (HMG). In 

this case, little pieces of the glass material forming in the gas phase diffuse to the surface and 

build-up into the growing thin film. Therefore, the basic reason for bad film thickness 

uniformity and non-conformal film step coverage for these processes is the following. The 

ratio between the IMP diffusion rate and the rate of IMP consumption on the surface causes a 

non-uniform IMP distribution in the CVD reactors (as well as in the narrow gaps). We 

believed that this model is more suitable for the explanation of the gas-phase deposition 

reactions as compared to the traditional explanation based on a mean-free path and surface 

migration considerations. Therefore, the acceleration of the oxidation reactions with 

phosphorus compounds could be explained in most cases as a change of reaction route. For 

instance, the TEOS pyrolysis process was explained by the heterogeneous route I (HTG 1) 

after acceleration switched to the two-step route II with the 1
st
 IMP-formation-limiting step of 

the accelerated TEOS oxidation (HMG). Furthermore, the strong acceleration of the oxidation 

reactions by the phosphorus compounds initiated route III of an aerosol formation in the gas 

phase. 
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Figure 1.25. Proposed general multi-route and multi-step kinetic scheme of the silicon-based thin-film 

gas-phase deposition processes (see text for details). 

 

5.2. CVD THIN FILM DEPOSITION PROCESSES CLASSIFICATION 
 

To find links and interrelations between observed gas-phase deposition process features, 

the author classified those features. A classification of the silicon-based CVD thin-film gas-
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phase deposition processes was discussed in [1-3,257] and presented in simplified form in 

Table 1.3.  

Classification of the studied reactions is done using a few groups, named A-F. Each of 

these groups summarizes the studied gas-phase deposition processes with close enough 

kinetic trends, keff values, the basic LPCVD process features, typical step-coverage numbers, 

etc. A certain fixed reaction route or a limiting step of the kinetic scheme is also attributed to 

every selected group. Changes of the deposition kinetic features with deposition conditions or 

gas-phase additives, like phosphorus- or boron compounds, mean that a certain deposition 

process “switches” from one group to another group of processes, as shown by the arrows. 

This is explained by the change of the reaction route or the limiting step of the deposition 

reaction. Our assumption regarding the possibility to extend the proposed classification for 

the conventional PECVD and unbiased HDP-CVD processes were found to be not in contrast. 

These processes are highly activated and their estimated keff values significantly higher, by 

about ten times, as compared to those values of conventional CVD processes. If they are not 

carefully optimized, they show the worst numbers of film step coverage and gap-fill in IC 

technology. These non-optimized processes, therefore, should be placed in a group F together 

with the non-optimized APCVD silane-based processes, which show similar deposition 

process features. At the same time, an optimization of APCVD and PECVD processes, 

mainly due to a reduction of keff, allows improvement of the process characteristics and the 

placement of these optimized processes in group E. 

 

 

5.3. THIN FILM SIO2 AND SILICATE GLASS DEPOSITION  

PROCESSES SCHEMES 
 

As for silane-based thin film CVD processes, their schemes can be simply explained by 

chain-brain chemical reaction (see reviewed material in [3]). In terms of the generalized 

scheme in Figure 1.25, these CVD reactions can be described by the reaction route II with 

homogeneous limiting step. TEOS-based deposition kinetics is more complicated. Figure 1.26 

illustrates how the above scheme works in the TEOS deposition of SiO2 and glass films 

[224]. This process is notable for the largest number of compounds and the highest 

acceleration.  

Route I represents the formation of SiO2 and is implemented as either the high-

temperature pyrolysis of TEOS at the surface or the low-temperature reaction between 

adsorbed TEOS and adsorbed ozone. The latter method yields SiO2 films of less 

homogeneous structure (with higher roughness and porosity) compared with ones produced 

with oxygen serving as the oxidizing agent. If boron and phosphorus compounds are added to 

the source gas, CVD follows route II. It involves phosphorus radicals (labeled R*), the 

homogeneous formation of the intermediate products IPX and IPY, and their heterogeneous 

conversion to the glass. The homogeneous formation of IPXis believed to be the rate-

determining step of CVD for PSG and BPSG, whereas the heterogeneous conversion of IPY is 

believed to play the same role for BSG. With route III, the aerosol is thought to be produced 

as clusters, some of which should contain boron and phosphorus oxides. 
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Table 1.3. Classification of studied silicon-based thin-film gas-phase processes 
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Figure 1.26. Application of general CVD process scheme to the TEOS deposition of SiO2 and glass 

films (simplified schematic based on Figure 11 presented in [224]). 

In the scheme in Figure 1.27, only low-temperature deposition processes (~ 400 –

 500 °C) are considered. The TEOS-ozone CVD process can be placed on the left side of the 

scheme, reflecting an example of a very slow (low deposition rate) CVD process. It produces 

the glass film with the disordered structure. On the other pole of the scheme in Figure 1.27 we 

can place conventional high-speed CVD, PECVD and HDP-CVD processes. The kinetic 
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scheme of these processes assumes IMP formation in the gas phase followed by diffusion to 

the wafer surface. This type of deposition process provides high film density; therefore, these 

films are significantly less disordered as compared to the films deposited by CVD processes 

with a heterogeneous reaction mechanism. Here it is necessary to mention that the studied 

phosphorus compounds enhance the rate of CVD oxidation processes and according to the 

diagram in Figure 1.27, and additionally improve the structure ordering. 
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Figure 1.27.Simplified diagram of relationship between an effective constant of the deposition rate. ( 

and ) reflect decrease or increase of process characteristic, respectively.


