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ABSTRACT 

This paper reports new deposition model of boron impurity considered formation of oxide film during 

deposition process. Finally, we have considered the impurity concentration change in silicon surface and found 

that diffusion coefficient in the thin oxide film increases more 100 times than the thick oxide film. The result 

contributes to get the accurate simulation value. This new boron deposition model will apply to find the 

formation condition of base layer in fabrication process of high-frequency transistor. 
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INTRODUCTION 

It is able to simulate the deposition process through oxide film by SILVACO TCAD (semiconductor process 

simulation tools), but the simulation results did not give the accurate values. 

The impurity deposition is progressing after formation of the thin oxide film [1-3]. 

Recently, many research results about the boron deposition process reports [4-18], but the simulation results 

about sheet resistance, junction depth and impurity quantity as control factor of the fabrication process of 

semiconductor device have not correctly calculated in deposition process simulation of boron impurity.  

Therefore, we proposed the deposition model of boron impurity and the diffusion factors of oxide film using to 

calculate have changed for the accurate simulation. 

New Model 

At silicon surface, always exists the natural oxide film or oxide film formed during boron deposition process, 

and boron impurity diffuses through the oxide film into silicon 
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Fig.1 Impurity flow in deposition process of boron impurity 

In silicon surface, boron impurity concentration is not fixed, it increase gradually and oxide film thickness is 

increased. Therefore, we have shown intuitionally the impurity concentration in atmosphere, oxide film and 

silicon as Fig.1. Where Natm is impurity concentration in atmosphere, NSiO2 is impurity concentration in oxide 

film, Nsi is impurity concentration in silicon. The corresponding mathematical model can write as follows. If 

thickness is very thin, impurity diffusion in oxide film can approximate linearly as follows; 
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Where kINC- increase coefficient of diffusion coefficient in oxide film  

DSiO2-diffusion coefficient in oxide film 

NSiO2-impurity concentration in oxide film surface 

dSiO2- oxide film thickness 

We suppose that the impurity flow diffused through the Si-SiO2 interface is equal with impurity flow in oxide 

film. 

Then, at the Si-SiO2 interface, the impurity concentration relationship in oxide film and silicon determined by 

segregation coefficient as follows equation (2). 
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Here m is function of temperature as a segregation coefficient. 

Here, we used the condition that the ratio of impurity concentration in oxide film and silicon is constant under 

defined temperature. In silicon bulk, the peak’s diffusion law is applied. 
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Here NSi- boron impurity concentration in silicon 

DSi- diffusion coefficient of the boron impurity changing due to concentration in silicon 

t - deposition time  

Ω- internal region of silicon 
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Then, if the impurity concentration at relatively far region from the silicon-oxide film interface is not change 

with distance, it can write as follows equation (4) 





X

X

N si ,0
                            (4) 

Starting condition (impurity concentration before the deposition) is as follows 

)~0(,0),()0,(  XtXNXN sisi
  (5) 

Finally, we can find out the concentration distribution of boron impurity in silicon by these equations (1)-(5). 

We have used that vacancy diffusion mechanism is fundamental in boron diffusion. The boron diffusion 

coefficient in silicon and oxide film did used from literature [2, 5]. 

Simulation results by SILVACO TCAD 

The impurity concentration of the starting wafer is 4×1012cm-3, major facets is {111} plane and substrate is n-

type silicon. As shown in Fig.2, since surface impurity concentration is about 1014cm-3, junction depth is 

0.077μm and sheet resistance is 1.3×109Ω/□, the difference between simulation result and actually 

measurement value is very large. Because diffusion coefficient used in simulating is incorrect. 

 

Fig.2 Deposition simulation (concentration distribution) result by SILVACO TCAD(950℃) 

The diffusion coefficient in oxide film explained as follows: 

)/exp(0 KTEDD                (6) 

Where D is diffusion coefficient(cm2/s), D0 is 7.23×10-6 as the coefficient of exponent term, E is 3.5eV as the 

activation-energy. The difference between simulation result of boron deposition process with default value and 

the actually measurement values is very large. So we have assumed that kinc is 100, impurity concentration is 

3×1021cm-3 in gas phase-SiO2 interface. The simulation result at 950℃ shows in Fig.3. 
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Fig.3 Impurity concentration distribution of boron deposition by simulation 

 

Fig.4 Calculation result of the impurity mass after boron deposition 

The impurity mass was obtained by integral of concentration graph, as shown in Fig.4. The simulation result 

about deposition process at difference temperature gives in table 1. 

Table 1 The calculation result of sheet resistance and the impurity mass due to deposition temperature 

Deposition temperature 

(℃) 

Sheet resistance 

(Ω/□) 

Impurity 

mass(cm-2) 

Activity impurity mass 

(cm-2) 

Junction 

depth (μm) 

850 317.45 1.22×1015 3.89×1014 0.15 

900 113.56 2.63×1015 1.05×1015 0.27 

950 43.88 6.21×1015 2.66×1015 0.49 

970 30.50 8.77×1015 3.82×1015 0.62 

975 27.93 9.65×1015 4.17×1015 0.66 
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980 25.54 1.10×1016 5.09×1015 0.70 

990 21.42 1.25×1016 5.42×1015 0.78 

1 000 18.06 1.48×1016 6.42×1015 0.88 

1 020 12.86 2.23×1016 1.04×1016 1.10 

1 030 10.89 2.472×1016 1.06×1016 1.23 

1 050 7.89 3.55×1016 1.59×1016 1.53 

1 060 6.72 4.04×1016 1.71×1016 1.71 

1 070 5.75 4.70×1016 1.99×1016 1.91 

Experimental verification of boron deposition process 

We compared the exactly experiment results and the simulation at the difference temperature for accuracy of 

simulation results. Comparison item is sheet resistance and junction depth. Finally, measurement result was a 

very approximation to the simulation result. 

Table 2 Experimental verification result of sheet resistance and junction depth due to the deposition 

temperature 

Deposition 

temperature(℃) 

Simulation result Measurement result 

Sheet 

resistance(Ω/□) 

Junction depth(μm) Sheet 

resistance(Ω/□) 

Junction depth(μm) 

850 317.45 0.15 329 0.11 

900 113.56 0.27 110 0.3 

950 43.88 0.49 45.3 0.45 

970 30.50 0.62 32 0.59 

975 27.93 0.66 27.1 0,64 

980 25.54 0.70 23.5 0.69 

1 000 18.06 0.88 18.9 0.91 

1 050 7.89 1.53 7.76 1.46 

1 070 5.75 1.91 5.70 1.89 

CONCLUSION 

Firstly, the new boron deposition model considered on oxide film is proper within deposition temperature 

range and it gives more right simulation result about sheet resistance and junction depth. Secondly, in 

deposition process simulation of boron impurity, when the impurity concentration is 3×1021cm-3 and kINC is 

100, simulation result is equal with measurement result. Therefore, it shows that diffusion coefficient in the 

thin oxide film increases more 100 times than in the thick oxide film. This new boron deposition model will 
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apply to find the formation condition of base layer in fabrication process of high-frequency transistor. 
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