
 

 

 

 

 

 

 

Chapter 14 

 

 

 

INTERRELATION OF BPSG FILM DEPOSITION, 

COMPOSITION, STRUCTURE, AND PROPERTIES 
 

 

Thin silicon dioxide and glass films were deposited using a variety of gas-phase 

deposition methods and chemical compound combinations. Despite a number of published 

survey papers describing thin film CVD processes and film properties [7-14, 27-34], they 

cannot be considered to be adequate. For instance, there were no monographs or focused 

summaries devoted to the correlation of glass film composition, structure, properties with gas-

phase deposition features. To a certain extent, the author attempted to perform such 

summaries earlier [2,3,224,269,270].  

Chemical bonding and structures of thin CVD vitreous films were found to be close 

enough to those of bulk glasses with similar glass composition. Therefore, knowledge of 

classical chemistry of the vitreous materials can be applied for the explanation of structural 

features and differences in thin glass film properties and structures. The major common 

feature of the CVD thin films is that the formation of the glass structure occurs directly during 

thin film synthesis. Therefore, the glass film composition and properties should be strongly 

defined by the compound types used and the deposition conditions. The film deposition 

temperatures for IC technology applications are normally high enough (> 350 °C), excluding 

the formation of amorphous polymeric compounds. Therefore, we can reasonably assume that 

as-deposited glass thin film structures can be considered to be fixed after CVD and relatively 

stable. This conclusion was confirmed by FTIR spectra of different as-deposited glass films. 

In fact, all types of BPSG films deposited at temperatures in the range cited already contained 

the same peaks for Si – O, B – O, Si – O – B, P = O bonds. As long as practically used PSG, 

BSG, and BPSG films preferably contained a SiO2 component, these complex vitreous 

materials can be analyzed using a silica structural network base where the other oxides are 

assumed to be additives. Changes in FTIR spectra after the post-deposition film anneal were 

attributed to a certain glass structure improvement, but not glass structure forming. At the 

same time, the temperature of post-deposition film anneal was normally lower (< ~ 900 °C) 

than that of the glass crystallization temperature. This fact always causes some concerns 

regarding the film structure and its stability. 

This chapter is devoted to the analysis of the relationships between CVD features and 

silicon dioxide and silicate glass film properties and structures.  
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14.1. A BRIEF SUMMARY OF CONSOLIDATED MATERIAL 
 

Glass film deposition kinetics. Detailed summary of glass thin film deposition kinetics 

and gas-phase deposition processes can be found in Part 1. CVD processes were realized at 

APPCVD, SACVD, LPCVD, PECVD, HDP-CVD conditions. It was shown that silicon 

dioxide CVD processes can occur according to surface or gas-phase reaction limited 

mechanisms depending on the chemical compounds used. It was found that all studied 

phosphorus compounds accelerate oxidation reactions of the silicon compounds, indicating 

the common character of this phenomenon. This effect was explained by a development of 

chain-brain, i.e. free-radical reactions, when phosphorus compounds were added to the silicon 

compound and strong oxidizers. In other words, all phosphorus-contained glass film CVD 

processes seem to have a similar type of reaction mechanism. Boron compounds, such as 

boric acid ethers, were found to accelerate oxidation reactions of silicon organic compounds, 

such as TEOS. This was also an indication of a change of the SiO2 CVD reaction mechanism. 

An opposite type of CVD reaction mechanism change was that the boron ethers were prone to 

decrease the deposition rate of the silane-oxygen reaction, which was explained by the 

inhibition of chain-brain oxidation reactions.  

It was concluded that the film deposition rate could be considered the only important gas-

phase deposition process parameter. It allows calculating the so-called “effective constant of 

the deposition process, keff“, which has been used for an effective quantitative evaluation and 

comparison of the gas-phase film CVD (see more details in Chapter 5). Generally, a lower keff 

value corresponds to a slower gas-phase deposition process and vice versa. 

Reaction schemes and classification of CVD processes. Observed thin glass film 

deposition kinetic features were explained with a simplified multi-route and multi-step kinetic 

scheme of the silicon-based thin film gas-phase deposition processes (see Chapter 5 for 

details). The proposed reaction scheme included three reaction routes: a heterogeneous route 

(I), a two-step reaction route (II) of thin-film formation, and a route of particle (aerosol) 

formation in the gas phase (route III). This simplified reaction scheme has been capable of 

explaining all of the basic experimental data on CVD glass deposition kinetics. According to 

this scheme, the reaction route differed depending on the compound combination and the 

deposition conditions. For instance, CVD features of the TEOS pyrolysis reaction can be 

explained using the heterogeneous reaction route. We have also chosen the heterogeneous 

route to explain very specific so-called “surface-sensitive” TEOS-ozone CVD process. In 

fact, despite some differences, very good film thickness uniformity as well as excellent step 

coverage and gap fill were the common features of this TEOS-based deposition process.  

By contrast, typical so-called gas-phase reactions (such as silane APCVD/LPCVD 

oxidation and PECVD processes) were explained with the two-step reaction route including 

two consecutive reactions. Differences in the observed CVD kinetic features were explained 

by the limiting step of the deposition process. The latter was assumed to be either a step of 

homogeneous formation of intermediate product (1
st
 step), or a step of its heterogeneous 

consumption (2
nd

 step).  

To find links and relationships between the observed gas-phase deposition process 

features, we have made an attempt to classify those features (see Table 1.3). A certain fixed 

reaction route or a limiting step of the kinetic scheme was also attributed to every selected 

CVD process group. Changes of the deposition kinetic features with deposition conditions or 
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gas-phase additives, like phosphorus- or boron compounds, meant that a certain deposition 

process “shifts” from one group to another group, as shown by arrows in Table 1.3. This was 

explained by the change of the reaction route and/or the limiting step of the CVD reaction. 

Glass film properties review. We have investigated the thin glass film deposition 

temperature range from about 350 °C to about 520 °C; the most preferred temperature is 

about 400 °C. In order to analyze the experimental data in more detail, we can divide the 

accumulated data into two sections: the film property commonalities and the film property 

differences.  

Despite the differences in the film deposition techniques and compound combinations, a 

set of thin film parameters was found to be similar to all film types deposited at the optimized 

CVD conditions. Among these parameters are the following: refractive index values, P
+5

 state 

of phosphorus in the film (that indicates the full phosphorus oxidation with the formation of 

phosphorus oxide P4O10 or P2O5), uniform phosphorus and boron distribution in the film 

depth, low film defect density and low impurities content (such as carbon and hydrogen) in 

the film.  

The basic differences in as-deposited films were found to be a surface roughness and a 

wet etch rate WER (or wet etch rate ratio WERR - a wet etch rate of the film divided by that 

of thermal silicon dioxide). The latter indirectly indicated the differences in the film density. 

A film anneal at relatively high temperatures and a film exposure to a wet ambient allowed 

obtaining greater differences in the glass film properties, such as film shrinkage and a film 

ability to interact with ambient water vapor. The highest film wet etch rate ratio and film 

shrinkage (up to 7 %) were registered for CVD TEOS-ozone silicon dioxide and BSG films 

that went along with so-called “surface sensitivity” effect. The lowest film etch rates and 

shrinkage (less than 0.1%) were registered for PECVD and, especially, for HDP-CVD films. 

For BPSG films deposited by the same method, higher density of the phosphorus-rich films 

comparing to the boron-rich films was confirmed by the fact that the shrinkage of the former 

was found to be about two times higher. 

For PSG and ternary BPSG films, most of the features were related to the total 

phosphorus and boron concentrations, as well as to their ratio in the films. Generally, FTIR 

spectra of the as-deposited and annealed BPSG films reflect a known set of bonding 

characteristics of the films. The interaction of a BPSG film with air water vapor caused the 

appearance of so-called “hydroxyl” groups, i.e. the peaks of the total bonds  OH in the glass 

film. We showed that for similar PSG and BPSG film compositions, the quantity of absorbed 

moisture depends on the CVD method. The worst case of moisture absorption was observed 

for CVD TEOS-ozone BPSG films deposited by Method 4 and Method 5. The best results 

were found for PECVD and especially so for HDP-CVD deposited silicon dioxide and glass 

films. After thermal anneal, all these films revealed a decrease in moisture-related peaks, and 

a slight increase in the Si – O peak and P = O peak. 

Another feature of BPSG films was a strong relation between the film composition and 

moisture interaction. We observed that the strong increase of moisture-related areas in FTIR 

spectra went along with the increase of the boron concentration in BPSG films deposited by 

Methods 4 and 5, when boron content exceeded a level, defined by an empirical equation 

(2.11). This observation correlated with the data obtained by Yoshimaru et al for APCVD 

autoclave-treated silane-based BPSG films (Method 1) [178].  
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Figure  2.62. Simplified diagram of relationship between an effective constant of the deposition rate. 

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

 

 

14.2. RELATIONSHIPS BETWEEN A GLASS FILM STRUCTURE AND THE 

CVD FEATURES  
 

The following trend was detected when the gas-phase deposition processes were 

characterized using keff values. The films deposited using fast gas-phase deposition processes 

with keff ~ 1.5 cm/sec (like chain-brain oxidation CVD or PECVD) were normally known to 

have low shrinkage and a low wet etch rate ratio. Therefore, they had a relatively high film 

density. To date, the densest CVD films are known to be the HDP-CVD films. In fact, for 

unbiased HDP-CVD processes (i.e., for the film deposition without simultaneous argon 

sputtering) keff values were estimated to be as high as ~ 10 cm/sec and above. In contrast, the 

films deposited using very slow low-temperature CVD TEOS-ozone process with keff ~ 0.3 

cm/sec (and which kinetic features were explained with heterogeneous reaction mechanism) 

are known to have high shrinkage and high WERR values, indicating relatively high film 

porosity. Other gas-phase deposition processes with intermediate keff values seem to be 

between these two poles and the respected films revealed close enough density-related 

properties.  

We explain the observed film features with a term “structure disordering”. In a scheme in 

Figure 2.62, the only low-temperature deposition processes (400 – 450 °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 process. It produces the glass film with the disordered structure.  

On the other pole of the scheme in Figure 2.62, we place high-speed CVD processes, 

conventional PECVD and HDP-CVD processes. The kinetic scheme of these processes 

assumes intermediate products formation in the gas phase followed by their diffusion to the 

wafer surface. This type of deposition process provided high film density. Therefore, these 

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

with a heterogeneous reaction mechanism. Here it is necessary to mention that studied 
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phosphorus compounds enhance the rate of CVD oxidation processes. Therefore, according to 

the diagram in Figure 2.62, this effect additionally improves the structure ordering. All the 

rest of the CVD processes can be placed between these two selected poles, which can explain 

the relatively small difference between these glass film properties. Thermal anneal allows 

improvement of the structure ordering. This can be seen as changes in shrinkage values, etch 

rate ratio, FTIR spectra, etc. However, this effect depends strongly on the anneal temperature, 

which is intentionally lowered more and more with every further generation of ULSI devices.  

To confirm the adequacy of the term ‘‘structure disordering”, it is useful to mention the 

following information from classical glass chemistry. In terms of structure, these materials 

were characterized using so-called short-range order, which was a consequence of the 

chemical bonding between atoms. The length of short-range order (in terms of its radius) was 

estimated by Nemilov [338] to be about 1.6 – 2.8 Å. However, the structures of real glass 

materials are far enough from perfection. For instance, besides an “ideal” tetrahedral silica 

structure, it can be a number of the other polyhedra structures. This type of structures was 

characterized using the so-called medium-range order. This term characterizes the structural 

disordering, showing the reason for porosity of a vitreous material. The radius of medium-

range order was estimated to be 2.8 – 5.5 Å. 

Among the other conclusions taken from the scheme in Figure 2.62, one is the most 

important for glass film IC device applications. This is about the structural disordering 

changes, which are opposite the film step coverage and, therefore, the film gap fill. This 

generally indicates that slow low-temperature CVD processes would produce a conformal, 

but inherently disordered glass film that is very important for the practical semiconductor 

device technology applications.  

 

 

Figure 2.63. A summary of CVD process film features expected to be along with a change of BPSG 

film composition inside a “defect-free” BPSG film area. 

The summary of basic relationships between thin glass film CVD processes and BPSG 

film features is presented in Figure 2.63. An area of “potentially good BPSG film” is outlined 

by the dashed line. Inside this area, the block arrow indicates a change of BPSG film 

composition and summarizes adequate changes of basic CVD processes and film properties. 
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14.3. CORRELATION OF THE STRUCTURE DISORDERING AND THE 

PHOSPHORUS- AND BORON SILICATE GLASS FILM COMPOSITION  
 

Previous considerations have been done mostly for vitreous silica (SiO2) films. However, 

the structures of silicate glasses are more complex compared to that of silica. The main 

conclusion of the film property studies was that there were serious differences in the physical 

and chemical properties of BPSG films deposited by different CVD techniques. To explain 

the possible reasons for such differences, it was essential to analyze the information about the 

film structure. As long as phosphorus and boron oxides structures differ from SiO2 structure, 

the addition of phosphorus oxide and, especially, the boron oxide to the silica network 

enhances the glass film structural disordering.  

The glass structure of boron-rich compositions consists of triangles and boroxol groups. 

As mentioned in Chapter 9, in both cases boron reveals threefold coordination with respect to 

oxygen atoms. In this case, strong structural differences between elementary structure groups 

reflected as tetrahedra SiO4/2 and boroxol 2(BO3/2) groups lead to the glass structure 

disordering. Threefold boron coordination explains the well-known high activity of the boron-

enriched BSG films with respect to the moisture, for instance, producing a group with a weak 

water bonding [( Si – O -)3B]H2O. CVD method features also affect this disordering. For 

example, the TEOS-ozone BSG CVD process (performed in the presence of boron ethers) 

was found to reveal a “surface sensitivity” effect [122]. This was explained previously in 

terms of heterogeneous reaction mechanism. Therefore, the density of these films is lower as 

compared to the other types of BSG films. In fact, by contrast, PECVD BSG films are 

significantly denser. 

Along with the increase of the ratio of phosphorus compound concentration to the boron 

compound concentration in the gas phase, the heterogeneous reaction mechanism of BSG 

process TEOS-ozone CVD process changes to gas-phase BPSG chain-brain reaction 

mechanism. Adding P2O5 to boron-rich compositions resulted in the decrease of the boron 

share in BPSG film and changes in the glass structure. Namely, the boron oxide network 

becomes broken and the boron changes coordination from threefold to fourfold. Following 

the previous discussion, it means that more and more boron atoms in the film network 

become fourfold coordinated with oxygen, therefore improving structure ordering. This 

certainly increases the film density and decreases the ability of BPSG film to react with 

moisture. The lowest capability of BPSG film to react with water vapor was found to 

correspond to the ratio [B] ~ 0.4 [P], where additives concentrations are presented in 

elemental wt %. Re-calculation of this value shows that such BPSG films contain the equal 

quantity of B2O3 and P2O5 (oxide) molecules that is represented in Figure 2.14 by a straight 

dashed line. Eventually, the corresponding boron phosphate BPO4 glass structure was 

characterized as a tetrahedral PO4 and BO4 based network. Therefore, in these glass films all 

glass-forming oxide species are supposed to exist as tetrahedra SiO4, BO4, and PO4. They 

form the structural groups ( Si – O –)2OP – O – B(– O – Si )3 confirming significant 

improvement of glass film structural ordering. Further, at [B] << 0.4 [P], the glass structure 

consists primarily of SiO4 and PO4 tetrahedra and the quantity of BO4 tetrahedra can be 

ignored. Figure 2.14 represents a summary of the structural features of BPSG films, expressed 

using Myuller’s structural group symbols, clearly demonstrating the differences in the BPSG 

film structures caused by coordination of the glass-forming atoms.  
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14.4. CORRELATION OF THE BPSG STRUCTURE DISORDERING AND 

MOISTURE ABSORBANCE AND DEFECT FORMATION PROCESSES 
 

Along with the worsening of the BPSG film structure ordering, the increase of the boron 

concentration in BPSG films was found to enhance the moisture penetration depth in the film 

[178]. At the same time, the increase of phosphorus concentration provides a limit of water on 

the film surface. These data give us a possibility to compare defect formation and moisture 

absorption phenomena quantitatively in terms of boron share [B]/([B]+[P]) in the total 

additive concentration in BPSG films. Thus, a correlation of 24-hours defect-free area 

boundary from Figure 2.42 and the moisture penetration depth [178] was shown in Figure 

2.61. The data show that the increase of boron share above ~ 30 % ([B] ~0.4 [P]) causes a 

sharp increase in moisture penetration depth during PCT (see open symbols). At the same 

time, above this boron to phosphorus ratio we can see a gradual decrease of the defect 

formation boundary to the lower total additive content. The latter means the enhancement of 

defect formation processes at higher boron content in BPSG films. 

This summarized graph with data, taken from totally different research groups and from 

different research approaches clearly confirms that boron to phosphorus ratio ~ 0.4 revealed 

the basic BPSG material feature, namely, complete structure ordering. 

 

 

14.5. SPECIFIC ADDITIVE FEATURES IN BPSG FILM STRUCTURE 
 

Taking all of the above into consideration, in this section we discuss two schemes of 

BPSG film, which generalized all accumulated information regarding the film features. These 

schemes were introduced for the first time by Vassiliev et al in Ref. 214. It was assumed that 

additive concentrations were equal, for instance, close to 4 wt % of each element that was 

close enough to the BPSG film composition mainly used in VLSI and ULSI technology. To 

equalize the additive content, the author excluded BPSG structure differences related to the 

difference in the film composition. Therefore, it allowed to consider the only differences in 

BPSG films, which could be due to the CVD processes features, or thermal anneal features.  

According to the author’s long-term research, the most interesting set of BPSG film 

properties was obtained for TEOS-ozone BPSG films deposited either at atmospheric, or 

subatmospheric CVD conditions, i.e. by Methods 4 and 5. The scheme of CVD processes 

presented in Chapter 5 shows that the TEOS-ozone based CVD process is the most 

complicated one due to the differences in TEOS-ozone oxidation reaction (assumed to have a 

heterogeneous reaction mechanism) and phosphorus compound oxidation (assumed to have a 

chain-brain reaction mechanism). Thus, it was believed that these TEOS-ozone BPSG films 

can be taken as the best example of specific structural features of the film. 

An “ideal”, i.e. highly-ordered BPSG thin film can be defined as a glass matrix with 

typical bonds: Si – O – Si, Si – O – B, Si – O – P and P = O. This glass structure is assumed 

to have “ideal” glass properties, including an equal dependence of the film glass viscosity on 

the both boron and phosphorus additives (in terms of their oxide weight percent). The real 

properties of BPSG films differ from the ideal scheme because of differences in compounds, 

oxidizers and deposition conditions used. The main reason for the difference of the glass 

property seems to lie in the additive state of the film. For instance, there were found to be at 
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least four principal differences in TEOS-ozone SACVD BPSG film properties as compared to 

other types of BPSG films.  

First, there was a higher deviation of additive concentration in the film depth indicated by 

the SIMS profiles (see Chapter 8, Figure 2.10(a,b)).  

Second, the observed non-uniformity of the defect appearance on the film surface as well 

as a high wet etch rate and net charge deviation data were explained by high film porosity.  

Third, a higher moisture absorption and additive out-diffusion of PCT treated TEOS-

ozone BPSG films was observed as compared to PECVD BPSG films (see Figure 2.27(a,b)). 

Large liquid droplet formation on the surface of BPSG and high phosphorus content PSG 

films, obviously show the role of phosphorus in inducting these surface defects. In general, 

SACVD BPSG films, as well as TEOS-ozone APCVD films were prone to form surface 

defects at total concentrations as low as 8 wt %.  

Fourth, there were differences in flow properties between SACVD BPSG and other types 

of BPSG films (detailed consideration will be presented in Part 3). It was shown that SACVD 

BPSG film flow capability revealed significantly higher additive concentration dependence 

with respect to that of the other types of BPSG films deposited either at APCVD or LPCVD 

conditions [223]. It was proposed that this could indicate that a significant share of the 

measured phosphoric oxide content was not included in the glass matrix and thus, probably 

existed as local additive-rich clusters in film.  

The first scheme of relatively disordered, i.e. porous BPSG film, has been presented in 

Figure 2.59(a). In this structure, additive atoms exist both in a glass matrix and in randomly 

distributed additive-contain clusters, which contain mainly phosphoric oxide in the form of 

[nP4O10]. The density and size of clusters were believed to be a function of the total 

phosphorus concentration in film and the deposition condition. The proposal about higher 

porosity in TEOS-ozone BPSG films as compared to other types of BPSG films has been 

made based on the following features:  

 

(a)  kinetic studies and the proposed mechanism of CVD SiO2 and glass films, which 

assume a parallel formation of the film and clusters in the gas-phase (see Fig1.26 for 

more details), including a conclusion about a possibility of gas phase phosphorus 

oxide clusters formation discussed previously for PSG and BPSG films by 

Yoshimaru et al [178].  

(b)  accumulated results of BPSG film property studies;  

(c) accumulated results of the BOSG film net charge value monitoring using the SCA 

technique.  

 

The second film scheme shown in Figure 2.59(b) is the scheme of relatively ordered, i.e. 

non-porous film with randomly distributed additive atoms in glass matrix. This scheme was 

assumed to be valid for CVD processes with high keff, for instance, for silane-based CVD, 

PECVD, HDP-CVD. It is believed to be true for relatively high temperature deposited films 

as well as for thermally treated and flowed BPSG films.  

Applying these schemes for the explanation of the SCA data obtained for long-stored 

TEOS-ozone BPSG films, the following was concluded. During the long exposure to ambient 

air contained moisture, the porous structure of the film with chemically active clusters was 

believed to be prone to form the solutions of boron- and phosphorus-contained acids inside 

the film pores. The processes of formation of these solutions were relatively slow and, in 
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general, one could conclude that as-deposited TEOS-ozone BPSG films were always in a 

certain electrically equilibrium state. As a result, there were no significant changes during 

long-term SCA monitoring of as-deposited BPSG films (see Figure 2.36(a)).  

However, abrupt changes of SCA values in these films were seen after vacuum pumping 

or water rinsing of films resulting in the fast removal of additive solutions from the pores. 

This was assumed to be the result of the creation of a new electrically non-equilibrium state 

of the film. Logically, as long as the concentration of the solution in the pores depends on the 

total additive concentrations, the changes of the total film charge after fast pumping should be 

a function of the total additive concentrations in films. This assumption was confirmed by the 

experiment (see Figure 2.36(b)). 

The process of moisture absorption into the as-deposited non-porous (dense) film was 

very slow. For instance, it took about a month to see a little moisture-related peak in FTIR 

spectra of PECVD and, especially, HDP-CVD films. Therefore, there were no obvious 

changes in the state of additives inside these films. SCA values were stable even after vacuum 

pumping and water rinsing of as-deposited films, see Figure 2.36(a). Some small enough 

liquid droplets on the film surface were believed to be formed due to the interaction of 

additives with moisture on the film surface. 

 

 

FINAL REMARKS ON PART 2 
 

In Part 2 of the monograph, BPSG film composition, structure, properties and 

interrelations between glass film properties and CVD process features are reviewed and 

analyzed. Analysis made in Part 2 of the monograph allows the explaination of almost all 

CVD glass thin film features, obtained during 30 years of BPSG investigations. The basic 

physical and chemical properties of thin glass films are explained in terms of glass film 

structural disordering, which defines the oxide film density, as well as wet etch rate, 

shrinkage, intensity of film-moisture interaction, defect formation phenomenon, etc. 

For the silicon dioxide films, the cause of structural disordering is CVD features, which 

were characterized using the effective constant of the deposition process keff. The low 

deposition rate CVD processes, such as TEOS-ozone CVD (Methods 4 and 5), reveal the 

worst cases of the film density. In contrast, high-speed PECVD processes provided the best 

film density and, therefore, the best thin film structure ordering. Observed features and 

structural disordering were explained by using a simplified multi-route and multi-step kinetic 

model of the silicon-based thin-film gas-phase deposition processes and with a classification 

of the studied silicon-based CVD processes. 

To analyze the property features and structural disordering of phosphorus- and boron-

contained silicate glass films, the total boron and phosphorus content and the boron share in 

the film should be taken into account along with the gas-phase deposition features. It was 

assumed that the latter plays a less important role because all studied CVD oxidation 

reactions in the presence of phosphorus compounds were found to accelerate and proceed 

according to a common chain-brain reaction mechanism. As a result of such acceleration, all 

these reactions features become quite similar. BPSG film properties were affected by the 

quantity of boron atoms with threefold coordination with respect to the oxygen atoms. The 

best BPSG structural ordering and the best film properties correspond to the boron 
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concentrations defined by an empirical equation [B] < 0.4 [P] and this glass film structure is 

supposed to consist of SiO4, PO4, and BO4 tetrahedra.  

The properties of the borophosphosilicate glass films studied were determined by several 

factors. Among them were: (a) the kinetic features of the chemical vapor deposition methods, 

which were responsible for the porosity of the synthesized glass films; (b) the occurrence of a 

certain number of boron atoms in the threefold coordination with respect to oxygen in the 

glass structure; (c) the total oxide concentration in the glass; (d) and the concentration and 

sizes of phosphorus oxide clusters embedded into the glass structure.  

One more feature of the phosphorus-containing glass films prepared by CVD was the 

possibility of forming anomalous structures of phosphorus oxide in glasses. The assumption 

regarding these anomalies offers an explanation for the specific features of BPSG films 

synthesized by Method 5. They were the following: (a) a multifold increase in the deposition 

rate with the suppression of the “surface sensitivity” effect and multifold decrease in the film 

roughness upon introduction of phosphorus compounds; (b) fluctuations of the phosphorus 

and boron concentrations in glass films; (c) a higher reactivity with respect to water vapors; 

(d) strong leaching of phosphorous and boron; (e) weak effect of the phosphorous 

concentration on the glass flow; (f) strong change in the charge in the glass films upon heat 

treatments. These features were taken into account when constructing the glass structure 

models proposed in the author’s works. It was assumed that the sizes and concentration of 

clusters were proportional to the total concentration of phosphorus and boron in the glass 

films. The occurrence of pores in the glass films resulted in an increase in the rate of 

interaction with the air moisture. 

The heat treatment of glasses at temperatures above their softening point leads to a 

decrease and/or disappearance of pores, as well as incorporation of clusters into the glass 

structure and/or their evaporation from the film. After heat treatment at high temperatures, 

BPSG films having identical compositions but prepared by different CVD methods become 

similar in properties. 


