
 

 

 

 

 

 

 

Chapter 6 

 

 

 

BPSG FILM INDUSTRIAL CVD TECHNOLOGY 
 

 

In Chapter 2, some data were presented about BPSG film deposition tools and deposition 

methodology. We focused primarily on the brief characterization of CVD reaction chambers 

in order to demonstrate some important differences between their designs. Note that not all of 

them were adopted by the semiconductor industry. In this chapter, we designate industrial 

CVD methods as Method 2 to Method 9 depending on the tool used for deposition. The other 

mentioned CVD tools were issued as a pilot or small series tools and will not be consider 

below. Surprisingly, many types of the CVD tools were used for glass film deposition. This 

can be explained by the changes in technology requirements along with IC development that 

stimulated new requirements for the tools and CVD processes. For instance, thin film gap-fill 

issues at the end of 1980
th
 gave rise to new TEOS-ozone APCVD, SACVD, and HDP-CVD 

methods and production tools appearance. 

A summary of BPSG CVD production methods is shown in Table 1.4.The numbers in the 

round brackets represent a method number. Here we selected the deposition chemistry as a 

key factor of the method classification. All these CVD methods yielded BPSG films in which 

boron and phosphorus content was for about 6 – 8 wt % each. These methods were also 

suitable for the deposition of SiO2, PSG, and BSG films.  

 

Table 1.4. Summary of industrial BPSG thin film deposition methods 

 

Hydride-based 

SiH4, PH3, B2H6 

TEOS-based 

Silicic, boric, and phosphoric acid ethers 

O2 N2O O2 O3/O2 

APCVD (2) PECVD (6,7) LPCVD (3) APCVD (4) 

LPCVD (3) - PECVD (8) SACVD (5) 

HDP-CVD (9) - - - 

 

Briefly characterizing data in Table 1.4, we would like to note the following. Both silane-

based and TEOS-based processes can be implemented in a few versions. Some of them used 

SiH4 in combination with the other hydrides, chlorides, or esters at 350 – 450 °C at 

atmospheric or at low pressures. The others employed TEOS (silicic acid ether) in 

combination with ethers of boric, orthophosphorus, or orthophosphoric acid. Silane-based 
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methods were realized at APCVD, LPCVD, PECVD conditions. The last HDP-CVD method 

combines hydride-based LPCVD with argon sputter deposition using high density plasma 

(HDP). Although this approach was designed to make SiO2 or PSG films from hydrides, it is 

suitable for BPSG deposition. As for TEOS-based chemistry, it could not be realized at HDP-

CVD conditions because of the very low deposition pressure used. The TEOS-based 

processes were implemented in three versions: (1) LPCVD at 650 – 725 °C, (2) PECVD at 

about 400°C, and (iii) APCVD or SACVD at 400 – 500 °C using an oxygen-ozone mixture 

with 4 – 12 wt % of ozone. 

More data regarding industrial BPSG thin film deposition methods are combined in 

Table 1.5 and Table 1.6 for CVD and PECVD processes, accordingly. The author would like 

to note that he does not compare numerous characteristics of the tools, like substrate size, tool 

productivity, deposition uniformity, added particle density, boron- and phosphorus 

concentrations, and so on. In fact, as long as all these tools were dedicated for semiconductor 

production, their characteristics were optimized well. 

 

Table 1.5. Basic information about the most important industrial CVD processes 

 

Process parameter BPSG thin film deposition method 

CVD method No. Method 2 Method 3 Method 4 Method 5 

Condition APCVD LPCVD APCVD SACVD 

Reactor type  Continuous Multi-wafer Single-wafer Single-wafer 

Chamber sketch 

Company name 

“Tool name” 

Chemistry 

Oxidizer 

Td, C 

P0, torr 

W, Å/min 

[Example reference] 

Figure 1.4(c) 

WJ  

“WJ-1000” 

Hydride-based 

O2 

400 – 430 

760 

~ 5000 

[26,69,115] 

Figure 1.4(d) 

Thermco  

“VLTO” 

Hydride-based 

O2 

~ 350 – 450 

~ 1 

~ 100 

[58]  

Figure 1.7(a).  

Quester 

“APT-4800” 

TEOS-ozone 

O3/O2 

400 

760 

2000 

[101,122] 

Figure 1.7(b) 

AMAT 

“P 5000” 

TEOS-ozone 

O3/O2 

480 – 550 

100 – 200 

Up to5000 

[114,161,289] 

Chamber sketch 

Company name 

“Tool name” 

Chemistry 

Oxidizer 

Td,C 

P0, torr 

W, Å/min 

[Example reference] 

Figure 1.4(c) 

WJ  

“WJ-1000” 

TEOS-ozone 

O3/O2 

500 

760 

~ 5000 

[195] 

Figure 1.4(e) 

Anicon 

“FS CVD” 

Hydride-based 

O2 

350 – 450 

~ 0.1 

150 – 170 

[59 – 61] 

 

 

 

 

- 

 

 

 

 

- 

Notes: AMAT – Applied Materials; WJ – Watkins-Johnson.  

 

In these tables, we only summarize the deposition temperature and pressures. Typical 

deposition rate values were presented either by tool manufacturers or evaluated using 

reference data. Because there were many methods of BPSG deposition, these data allow us to 

find and to properly explain the differences between BPSG thin film structure, composition 

and properties. 
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Kinetic data presented in Chapters 3 – 5 clearly showed that hydride-based and TEOS-

based chemistries revealed opposite behavior when silicon dioxide films are deposited. 

Therefore, we can reasonably expect that the properties of the films, deposited using these 

chemistries, will significantly differ. However, we have analyzed the CVD acceleration 

phenomena caused by even small additives of phosphorus-contained substances used for PSG 

and BPSG film deposition. This chemical reaction feature decreases the differences between 

hydride-based and TEOS-based chemistries. In particular, the deposition rates of PSG and 

BPSG films deposited using different CVD methods and chemistries are very close to each 

other. Nevertheless, the properties of BPSG thin films deposited in different conditions and 

tools differ and will be discussed in detail in Part 2 of the monograph. 

 

Table 1.6. Basic information about the most important industrial PECVD processes 

 

Process parameter BPSG thin film plasma-enhanced deposition method 

PECVD method No. Method 6 Method 7 Method 8 Method 9 

Condition PECVD PECVD PECVD HDP-CVD 

Reactor type Multi-wafer Rotating plate Single-wafer Single-wafer 

Chamber sketch 

Company name 

“Tool name” 

 

Chemistry 

Oxidizer 

Td,C 

P0, torr 

W, Å/min 

[Example reference] 

Figure 1.5(a) 

ASM America 

“P-CVD” 

 

Hydride-based 

N2O 

350 – 415 

0.8  1.5 

250 – 500 

[24,25,51,52] 

Figure 1.5(b) 

Novellus  

“Concept 

One” 

 

Hydride-based 

N2O 

400 

2.4 

3500 – 4500 

[9,288,290] 

Figure 1.6(a)  

AMAT 

“P-5000” 

“Centura” 

TEOS-based 

O2 

380 – 420 

5 – 13 

Up to 10000 

[95,129] 

Figure 1.6(b) 

Novellus 

“Concept-2 

SPEED HDP” 

Hydride-based 

O2 

~ 625 

~ 510
-3

 

~ 3500 

[297] 

Chamber sketch 

Company name 

“Tool name” 

 

Chemistry 

Oxidizer 

Td, C 

P0, torr 

W, Å/min 

[Example reference] 

 

 

 

 

- 

 

 

 

 

- 

 

 

 

 

- 

Figure 1.6(b) 

AMAT 

“Ultima HDP-

CVD Centura” 

Hydride-based 

O2 

~ 520 

~ 510
-3

 

~ 3500 

[298] 

Note: AMAT – Applied Materials  

 

 

FINAL REMARKS ON PART 1 
 

Concluding Part 1, it is necessary to highlight that BPSG film growth can be performed 

by many CVD methods using a variety of tools, chemical compounds, and process 

conditions. Phosphorus compounds accelerate the thin film CVD process features, making the 
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oxidation process faster. However, this worsens the film step coverage and gap-fill and 

enhances the aerosol processes. The latter can be inhibited by special additives. These 

additives decrease the deposition rate and slightly improve the step coverage decreasing the 

aerosol formation processes. 

Obtaining the kinetic time curves for thin film CVD allows the acquisition of basic 

kinetic information about the process, such as optimized deposition rate, reaction time, and 

effective constant of the depsoition rate. Considering the need for stepped IC device 

structures, PECVD and silane-based CVD processes were found to be the worst case. 

However, TEOS-ozone based CVD processes, especially SACVD processes in single-wafer 

chambers, were recognized to be the best one. All accumulated CVD BPSG knowledge is 

nesessary for understanding of BPSG thin film composition, structure, and propertries in Part 

2 of the monograph. 



 

 

 

 

 

 

 

 

 

 

PART 2. BPSG FILM COMPOSITION, STRUCTURE,  

AND PROPERTIES 
 

 

Part 2 (Chapters 7 to 14) is devoted to a description of BPSG thin film composition, 

structure, and basic properties. As long as the CVD thin film technique is not the traditional 

glass forming technique, special attention is taken to find the links between BPSG film 

structures and properties with definitions of the classical glass chemistry. This allows us to 

see the relationships between glass film composition, structure, and properties with BPSG 

thin film CVD process features.  

Analyzing BPSG film composition, structure and properties, the author refers to the main 

BPSG film production processes, designated in Part 1 of this book as Method 1, Method 2, 

etc. This allows focusing on the most common CVD techniques used in the electronics 

industry.  

One more introductory remark is about terminology. As we have already mentioned 

above, being added to silicon dioxide to form the glass structure using any known method, the 

boron and phosphorus oxides form bonds like Si – O – B, Si – O – P. Therefore, they cannot 

be named “dopants” like many authors do. In order to simplify the text, we use the term 

“additives” below that include both boron and phosphorus, existing together in BPSG films. 

 


