
 

 

 

 

 

 

 

Chapter 16 

 

 

 

BPSG FILM COMPOSITION OPTIMIZATION 
 

 

In order to use BPSG films in IC technology successfully, these films must be carefully 

optimized. This means the film composition needs to be defined based on both device 

technology and film property requirements. BPSG films can be deposited by several 

techniques and, therefore, the properties of these films differ. To optimize BPSG film 

composition, the author selected three major BPSG film properties, which must be considered 

for VLSI and ULSI device technology: (1) a film capability to flow at thermal anneal; (2) an 

ability to interact with ambient moisture, and (3) an ability to form the BPSG film defects. In 

order to optimize the film composition properly, all these major properties must be 

comprehensively characterized and quantitatively described. In Chapters 12, 13 and 15, 

quantitative characteristics of these basic BPSG film properties have been presented. To 

define an optimized additive concentration range in any type of BPSG film, an approach for 

quantitative description of BPSG film was developed by the author and published or 

presented in [192,213,224].  

 

 

16.1. A QUANTITATIVE APPROACH FOR BPSG FILMS  

COMPOSITION OPTIMIZATION 
 

An example of the optimized range of BPSG additive concentrations is shown in Figure 

3.23. In this example, the optimized additive composition area drops in between the curve for 

FA condition at a temperature of 850 °C (this anneal provides sufficient enough angle of film 

on the device step of about Af = 15 degrees) and the curve for 24-hours defect free-area in as-

deposited BPSG films. The first curve was calculated using Eq.(3.5) introduced in Chapter 

15. Concentration limits of this equation [B]/[P], previously summarized in Eq.(3.6), are also 

taken into account and shown in Figure 3.23.  

The second curve for defect-free BPSG boundary was defined by equation (12.1) in 

Chapter 13. The addition limitation for boron content in BPSG film [B]  [P] should also be 

taken into account to reduce the moisture absorption ability of BPSG film and, therefore, to 

make BPSG films highly reliable. This limitation was discussed in Chapter 12 and it restricts 

the film’s ability to absorb moisture from ambient into the film depth (see Figure 2.61). 

Quantitatively all these ranges were characterized by a set of the following empirical 

equations (3.1)-(13.3): 
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55.5]/[][35.0  PB   (3.15) 

 

6.9][19.0][17.0][023.0][39.14.30 2  BBPTB a  (3.16) 

 

][4.0~][ PB    (3.17) 

 

where the additive concentrations are presented in elemental weight percent and Ta is the 

temperature of film anneal in Celsius degrees.  

Comparison of data for 20 types of empirically optimized BPSG films presented in [207] 

showed that almost all of them dropped into the above defined area presented in Figure 

3.24.This coincidence confirms the validity of the approach. The summarized BPSG film 

defect data showed that the total additive content in BPSG films cannot exceed a certain limit, 

which can be chosen based on device and technology needs. Eqs.(3.15)-(3.17) allow the 

definition of the optimized range of additive concentrations, which predict good BPSG film 

flow for device planarization with reduced moisture absorption and defect problems. Any 

other optimized additive concentration ranges for different initial conditions of film step 

coverage or film anneal can be easily obtained using related equations, as shown in detail in 

[192,213,224]. As an example of other initial conditions, an agreement between calculations 

and experimental data for 900 C thermal anneal can be seen in Figure 3.24. It should be 

noted that for TEOS-ozone BPSG films, which revealed more pronounced defect formation 

effects, a similar calculation can be used. However, the time for the defect-free area was 

estimated to be about 18-hours after film deposition and the beginning of film exposure to air. 

 

 

Figure 3.23. Example of optimized range of additive concentration calculation in BPSG films [213]. 

Limits for boron and phosphorus content are presented in elemental wt %. 
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Figure 3.24. Correlation of experimental data and calculations for different BPSG film compositions 

and FA anneal conditions [207]. Limits for boron and phosphorus content are presented in elemental wt 

%. 

 

16.2. OPTIMIZATION OF THE ADDITIVE CONTENT IN 

MULTICOMPONENT GLASS FILMS  
 

It is strongly believed that a similar logic and approach for additive range optimization 

can be used for multicomponent films, which can flow at significantly lower temperatures as 

compared to BPSG films. Among these films are germanium-doped BPSG films [239,240], 

which were considered a few times as a good option for advanced ULSI technology. In this 

case, for three separate additives a three-dimensional diagram need to be used instead of two-

dimensional presented in Figure 3.23. The lines for film flow will transform into planes and 

curves for defect-free boundaries will transform into a curved surfaces. Thus, an optimized 

GeBPSG film composition would be expected to be somewhere in the space between these 

surfaces. Unfortunately, at the moment, multicomponent glass films have not been studied 

sufficiently and there is no data to draw such diagrams quantitatively. Nevertheless, we 

believed that relatively simple approaches presented in this chapter will allow obtaining 

optimized additive concentration ranges in multi-components films in a future.  
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