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MODELLING AND SIMULATION OF THE IMPURITY 

DIFFUSION AND RELATED PHENOMENA IN SILICON AND 

POLYSILICON SYSTEMS IN MICROFABRICATION AND 

MICROMACHINING TECHNOLOGIES 

Florin GAISEANU 

Abstract - In this paper there are presented our results concerning the modelling and 

simulation diffusion of the boron, phosphorus, antimony, arsenic as doping impurities in 

silicon and polysilicon layers and gold diffusion as a recombination centre in silicon and 

its influence on the forward characteristic of the p-n junction, as well as some related 

phenomena like the generation of the misfit dislocations induced by the doping impurities 

and the gettering process of metallic impurities, with application in the microfabrication 

technologies. The results on the boron diffusion were used in the simulation of the self-

limited etching process of silicon boron doped layers for the bulk micromachining 

fabrication and the powerful methods as XTEM and SIMS were used for the 

characterizations of the polysilicon layers, allowing to propose a doping – restructuring 

mechanism of polysilicon during the phosphorus diffusion in the surface micromachining 

technology for the thin membrane achievement.  

Keywords: Impurity Diffusion, Modelling and Simulation, Misfit Dislocations, Gettering, Etching, 

Silicon and Polysilicon, Doping-Restructuring Model, Micromachining and Microfabrication 

1. Introduction  

The knowledge of the material properties of the semiconductor in the delimited 

specific regions of the semiconductor both before and after processing is one of 

the fundamental tasks for the achievement of the microelectronic and microsystem 

devices in order to accurately design their configuration and to control on this way 

the desired useful parameters [1]. The fulfilment of these fundamental 

requirements explains the considerable efforts to investigate the material 

properties at the atomic scale [2] and to formulate in physical and mathematical 

terms the intimate atomic processes in the semiconductor lattice [3]. 

In this paper there are presented our contributions to the description of the atomic 

diffusion in silicon of boron as a p-type impurity in silicon and of phosphorus, 

antimony and arsenic as n-type impurities, by using conventional (thermo - 

chemical) and non-conventional (doped polysilicon, multilayer systems, 

implantation, laser - assisted annealing) techniques, as well as the gold diffusion 

and its influence on the forward characteristic of p-n junction and the gettering 

phenomena induced by the diffusion in silicon wafers. As a related process during 

the phosphorus and boron diffusion in silicon at high concentrations, the 

generation of the misfit dislocations, defined in terms of the critical conditions 

and the corresponding variation of the characteristic parameters (critical diffusion 

time and temperature) is calculated and expressed in analytical form.  
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There are presented also the main investigations results concerning the chemical 

etching of boron doped layers and doping – restructuring of polysilicon layers 

during the phosphorus diffusion, as a key processes in bulk and surface 

micromachining technology respectively, for the fabrication of the silicon 

membranes.  

2. Modeling and simulation of the impurity diffusion by thermo-chemical 

method 

The thermo-chemical method is the most frequently used for the silicon doping 

and is performed under a constant temperature maintained in the diffusion tube of 

the furnace and a permanent contact between the silicon wafer surface and the 

chemical doping agent, which is usually a BBr3 liquid source or boron nitride 

(BN) solid source for the p-type doping and a liquid POCl3 source for the n-type 

doping. The knowledge of the variation with the depth of the impurity is essential 

for the design and fabrication of the semiconductor devices, so that it is a very 

important to determine not only the concentration distribution with the depth after 

the diffusion, but also if the entire quantity of the doping impurity is fully 

electrical active.  

2.1. Experimental determination of electrically active and inactive boron 

and phosphorus profiles in silicon 

For this purpose, it was used the sheet resistivity method, consisting in the 

measurement of the sheet resistivity with the four point method after successive 

removal of thin silicon doped layers, by using a mixture of HF and K2Cr2O7 and a 

mixture of HF, HNO3 and CH3COOH to determine the electrically active impurity 

profile for phosphorus and boron respectively and two chemical method to 

determine the full impurity profile, electrically active and inactive of phosphorus 

[4] and boron [5, 6] in silicon. It was reported for the first time in the literature the 

use of these chemical methods for the impurity profile determination: the 

spectrographic emission dosing for the determination of the total boron 

concentration profile after diffusion in silicon and the spectrophotometric dosing 

method for the determination of the total phosphorus diffusion profile. The 

spectrographic emission dosing consists in the determination of the emission 

spectrum of the chemical solution step, submitted to a suitable preparation after 

each etching step, and a comparative analysis of the spectral lines. The 

spectrophotometric method for the phosphorus dosing is similar with the 

spectrographic emission dosing, but the final determinations are made by a 

photospectrometer. 

The results are presented in Fig.1 (a) and (b), where are shown the boron diffusion 

profile after diffusion from a BN source at the temperature T=1100
o
C for 120 min 

and the phosphorus diffusion profile after the diffusion from a liquid POCl3 
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source at T = 1000
o
C for 30 min respectively, in comparison with the theoretical 

profile (erfc type) deduced from the diffusion equation if a diffusion coefficient 

independent of concentration would operate in the two cases. As it can be seen 

from Fig.1, both the boron and phosphorus profile is very different of the 

theoretical profile. Another conclusion from Fig. 1. is that the entire quantity of 

the boron diffused in electrically active, while an important quantity of 

phosphorus is electrically inactive after the diffusion, so our next objective of the 

investigation was to try to describe correctly this specific behavior, as it is 

presented in the following sections.  

 

Fig. 1. Experimentally determined (a) boron diffusion profile and (b) phosphorus diffusion profile 

by an electrically and chemical method and the comparison with the theoretical ERFC profile. 

2.2. Modeling and simulation of boron diffusion in silicon 

Representing the distribution along the depth x of the boron concentration C in 

silicon after the diffusion from infinite source as so called universal profile, i.e. 

C/Co (Co being the surface value of C) as a function of a quantity x/2√(Dot), 

where Do is the surface value of the diffusion coefficient and t the diffusion time, 

we shown for the first time [7] that this one can be suitably described on the 

concentration range C>ni (extrinsic region), where ni represents the intrinsic 

carrier concentration, by a solution of the diffusion equation 

 )]/)([// xCCDxtC   (1) 

with a diffusion coefficient D depending on the boron concentration as: 

 D=Do(C/Co)
 ½ 

(2) 

instead of a simple linear dependence, which would be typical for diffusion by a 

vacancy mechanism [8], as it can be seen in Fig. 2. The depth x1 in Fig. 2 (a) 
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corresponds to a concentration of 10
18

 cm
-3

, taken as a reference limit value in 

order to analyse the experimental data only on the extrinsic range. 

 
Fig. 2. Boron diffusion profile represented as:  

(a) normalized quantity C/Co vs. x/x1 (universal profile) [7];  

(b) variation of x/√t vs. f(C/Co), which is the right side of the solution of the diffusion equation 

(rel. (3)), depending only on C and Co [9] (the experimental data were collected from [10]). 

We deduced [11] a proper solution of the diffusion equation (1) with the diffusion 

coefficient described by the relation (2) as a following polynomial form: 

 Dotx 33.2/ )/(737.01 CoC 1/2 – 0.181(C/Co) - 0.082(C/Co) 3/2 (3) 

which express the diffusion depth as a function of the impurity concentration with 

accuracy better than 3%. A very good agreement between the experimental data and 

our theoretical results can be noticed from Fig. 2., allowing the accurate simulation 

of the boron diffusion profile by means of rel. (3) on the extrinsic range. Moreover, 

the form (3) represented by x/√t vs. f(C/Co) as a right line in Fig. 2 (b) permits an 

accurate evaluation of the surface diffusion coefficient Do and of the surface 

concentration Co by an adequate extraction procedure of the interest parameters [9], 

resulting:  

 Do=0.4648 exp(-3.08 eV/kT) (4) 

and Co=1.43x10
22 

exp(- 0.44 eV/kT) (5) 

over the experimental data on the range 900
o
C - 1050

o
C collected from [10].  

By using relation (3) it was possible also to express the boron atom amount  

 Q(t,T) = 0.9 Co Dot  (6) 

diffused in silicon from a BBr3 source [11, 12], in agreement with the 

experimental data from [12] (Fig. 3 (a).).  



Modelling and Simulation of the Impuritiy Diffusion 

 and Related Phenomena in Silicon and Polysilicon Systems 

 in Microfabrication and Micromachining Technologies 45 

 

Fig. 3. (a) Simulated boron amount as a function of  the square root of the diffusion time comared 

with experimental data [12]. Simulated Rs as depending on the reverse of the square root of the 

diffusion time, compared with experimental data from [10]. (b) Our theoretical curve Co vs. 

average conductivity σm compared with the curve Co vs. σom earlier proposed [8] and with 

experimental data [10]. 

Relation (3) permits to calculate also in an explicit way the sheet resistivity Rs of 

the boron doped silicon layers [9], which is a material parameter measurable by 

using the four point method. This is practically one of the most commonly used 

parameter not only to control the doping after diffusion but also to design the 

silicon semiconductor devices, so that its predictability as a function of the 

diffusion conditions is of major practical interest in the silicon semiconductor 

technology. Taking into account rel. (3), Rs was calculated on the high 

concentration range [13] as Rs=[qCoμm(Dot)
1/2

]
-1

, where μm  represents an average 

value of the hole mobility on the variation range of concentration, between Cb, 

which is the bulk concentration, corresponding to the junction depth and Co (in 

the most common cases Cb  Co) (Fig. 3(b)). In a similar way it was calculated 

[14] the average conductivity σm of the boron doped layer as σm = 0.39 qμoCo + 

0.59 qCo
1/4

Nref 
3/4

Δμ ≡ σom + σcm , where Δμ is the difference between the 

maximum and minimum value of the hole mobility on the C variation range in the 

empirical formula used in SUPREM process simulator [15], σom is a fundamental 

term earlier deduced [12] considering that the average conductivity would be 

entirely represented by a layer near the surface concentration (C > 510
19 

cm
-3

) and 

σcm represents our correction term, contributing to the full description of σm on the 

entire concentration range (Fig. 3(c).). 

The full diffusion profile, including the variation of C in the intrinsic range 

(C < Ci = ni) was simulated taking into account that D=Di (Di is a temperature 

dependent quantity only for a certain impurity), so that the following 

corresponding solution of the diffusion equation, represented in Fig. 3. (a) as an 

extension of the extrinsic profile it was obtained [16]: 

 C=Ci(erfc(x/2 Dit ))/(erfc(xi /2 Dit ) (7) 
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Fig. 4. (a) Simulated boron diffusion profile in silicon both on the extrinsic (universal curve) and 

intrinsic region for various diffusion temperatures after diffusion from BBr3 and for T=1100C 

after diffusion from BN source. (b) The corresponding junction depths described by rel. (7), well 

supported by the experimental data [10]. 

Whereas the boron diffusion from a BBr3 source system (including a reactive 

component (oxygen) into the furnace tube) can be accurately described 

considering a dependence D~C
1/2

, we shown [6] that the boron diffusion from a 

boron nitride (BN) source (non oxidizing conditions) is suitably described by D~C 

(Fig. 5(a) and (b)) and a corresponding solution of the diffusion equation on the 

extrinsic range as follows: 

  Dotx 6.1/ )/(78.01 CoC  – 0.152(C/Co)2  (8) 

which can be extended in the intrinsic range on a similar way as in the previously 

discussed case, as it can be seen in Fig. 4(a). 

 

Fig. 5. (a) Experimental boron diffusion profile in silicon after diffusion from BN source (non 

oxidizing conditions). (b) Simulated profile corresponding to D~C (rel. (8)) compared with the 

profile after the diffusion from a BBr3 source. 
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Our reported results [6] suggests that the surface atomic processes (oxidation, 

as a generator of self-interstitial atoms [17]) during the boron diffusion from 

BBr3 source should be responsible for the modification of the profile shape 

observed after the diffusion from the BN source (under non oxidizing 

conditions), which is typical for a vacancy mechanism.  

These results were taken as a reference to develop a new diffusion model 

including the self-interstitials as a co-participating transport current for B 

atoms [18] and successfully contributed to B diffusion modeling according 

both to Fair´s concepts on the transport agent (vacancies) [8] and to Gösele’s 

ones (self-interstitials) [17].  

2.3. Simulation of phosphorus diffusion in silicon 

Considering the previous results [19] on the three distinct regions of the 

phosphorus diffusion profile, D ~ C
2
 on the flat region near the surface, 

delimited by the electrically active phosphorus concentration (ns, n1), then 

D~C
-2

 on the next transition region delimited by the concentration range 

(n1, n2) and D = Di in the bulk (intrinsic) region after the diffusion by thermo – 

chemical technique (POCl3 source), an analytical solution on each range of 

three coupled nonlinear diffusion equations we found both for shallow [20] 

and deeper junctions [21] (for instance corresponding to diffusion temperature 

of 1100C), able to accurately describe the phosphorus profile, as it is shown 

in Fig. 6 (a) and (b), as follows: 

 N1 = ns{[1-(1 - n1
3
)X/2Xe1}

1/3
 (9a) 

 N2 = ne1(Xe2 - Xe1)/[(Xe2 - n2Xe1) + (n2 - 1)X] (9b) 

 N3 = ne2ercfcX/erfcXe2 (9c) 

where  

Xe1 = xe1/2 ( t3D ), Xe2 = xe2/2 ( t3D ), X = x/2 ( t3D ), n1 = ne1/ns, n2 = ne1/ne2, 

and the concentration of the electrically inactive phosphorus atoms is given by the 

empirical relation [19]: 

 C = n + 2.0410
-41

 n
3
 (10) 

The value of the concentration ne2 has to be computed from the implicit relation: 

 Xe1exp(-Xe1
2
)/erfcXe1 = (  /6){(ne2/ne1)[(ns/ne1)

3 
– 4] + 3} (11) 
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Fig. 6. (a) Simulated phosphorus profile on the three regions (our results [20,21]),  

defined by the corresponding depths xe1 and xe2, ns = N1(x=0), ne1=N1(xe1), ne2=N2(xe2),  

N being the active phosphorus concentration, compared with experimental data [21].  

(b) Simulated phosphorus profiles for various temperatures, compared with experimental data [19]. 

The very good agreement of our theoretical results with the experimental data on 

the usual concentration range well support the simulation analytical relations, 

which become a versatile and rapid set of expressions to describe accurately the 

phosphorus diffusion profile. 

2.4. Simulation of antimony diffusion in silicon 

Although it has been believed that Sb diffusion in silicon has been occurred by a 

vacancy mechanism, there were not clear evidences reported in the literature to 

demonstrate this situation.  

Analyzing the Sb diffusion profile after the diffusion in 100% Ar (not 

oxidizing atmosphere) at the temperature of 1250

C for 4 hours reported in 

[22], we demonstrated that the Sb diffusion coefficient depends on the 

concentration as D~C, as it can be seen in Fig. 7 (a) and then it is possible to 

describe accurately this profile in extrinsic range of the concentration by an 

equation of the form (8) [23].  

Moreover, comparing the experimental data with our theoretical results on the 

intrinsic range, described by an equation form of (7), the agreement between these 

data is very good, well supporting our theoretical model [24]. 
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Fig. 7. (a) Experimental Sb profile after diffusion at T=1250
o
C for 4 hours in 10%Ar [22] compared 

with classical (erfc type profile); inside of this graph are inserted the results of Boltzmann-Matano 

analysis of the experimental profile, demonstrating that D~C. (b) The simulated Sb diffusion profile 

both in the extrinsic and intrinsic range according to our theoretical relations [23, 24]. 

We demonstrated in this way that Sb diffusion profile after the conventional 

diffusion shows a dependence D~C, which is characteristic for a vacancy 

diffusion mechanism and can be accurately described both in the extrinsic and 

intrinsic range of the concentration.   

2.5. Assessment of the impurity redistribution after the oxidation process 

In Fig. 8(a) there are presented our experimental results on the redistribution 

profiles after boron diffusion at T = 950C for a time period of 15 min from a BN 

source and a second oxidation step at T = 1150C for 10 min in oxygen 

atmosphere and 10 min in neutral nitrogen flowing gas.  

In the same figure is shown the phosphorus profile after the doping (diffusion) 

step at 800
o
C for 10 min from POCl3 source and the oxidation at 1200

o
C for 

10 min in oxygen and 10 min in nitrogen flowing gas, compared with the classical 

Gauss profile.  

These profiles were obtained by the successive removal of thin silicon doped 

layers and the measurement of the sheet resistivity, as it was described for the 

determination of the high concentration phosphorus diffusion profile described 

earlier [4]. 
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Fig. 8. (a) Experimentally determined boron and phosphorus diffusion profile after a first doping 

(diffusion) step and redistribution during a second step in oxygen and nitrogen ambient as indicated 

in the inserted data. (b) Simulated boron concentration profiles (C2) near the silicon/SiO2 interface 

after oxidation cycles at T=1000

C for 0.3 h and 1h with respect to the bulk uniform value (CB) and 

the recovery of C2 during the redistribution step in a nitrogen ambient [25] (inserted graph). 

As it can be seen in Fig. 8(a), the boron diffusion profile after the two steps of 

diffusion shows an important deviation from the Gauss type profile near the surface, 

consisting in a decrease of the boron concentration on an extended region with 

respect to the bulk Gaussian profile, as a consequence of the oxidation process. As 

the fabrication of the field effect transistors is sensitive to the concentration profile 

in this zone, it is of real importance the control the redistribution profile in this 

region, the interest being in a uniform distribution of the concentration. This 

problem was solved as a solution of the diffusion equation [25] and it was assessed 

the recovery redistribution profile as it is shown in Fig. 8(b), were it can be seen 

that the initial uniformly distributed boron concentration is modified by a 

concentration decreasing near the silicon/SiO2 interface after the oxidation 

processes and the recovery is quite slow at low temperatures (smaller than 1000
o
C) 

and becomes significant at temperatures of the order of 1200
o
C after the boron 

redistribution in neutral nitrogen ambient (inserted graph in Fig. 8(b)). 

3. Simulation of the impurity diffusion from implanted layers  

The diffusion from the implanted layers is one of the most advantageous alternatives 

to the thermo-chemical doping taking into account the better control of the amount of 

the impurities and the uniformity and reproductivity of the process. However, the 

implantation process is associated with an obligatory annealing step necessary not 

only to redistribute the implanted impurity to obtain a desired junction depth but also 

to anneal satisfactorily the damages produced by the implantation process. 
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We approached the description of the diffusion profile after post-implantation thermal 

annealing and after laser-assisted annealing, as it will be shown as follows.  

3.1.1. Simulation of the post-implantation antimony diffusion profile 

In Fig. 9 (a) it is shown the Sb simulated profile after an implantation at low dose 

(N = 10
14 

cm
-2

) and energy (E = 20 keV) assuming that there were not impurity 

losses during the post annealing process at the temperature T = 900
o
C for various 

annealing time. The agreement between the simulation and the experimental data 

shown in Fig. 9 (b) well supports the proposed theoretical model, allowing the 

extraction of the constant value of the diffusion coefficient during the post-

implantation process [26]. 

 

Fig. 9. (a) Simulation of Sb annealing process for 5 min, 15 min and 30 min at T=700C  

after an implantation process with a dose N = 19
14 

cm
-2

 and an energy E = 20 keV.  

(b) Comparison of the simulated Sb profile after a post-implantation annealing at T = 700C for 

20 min with the experimental data [26], under the conditions of the implantation data of Fig. 9 (a);  

Rp is the projected range and ΔRp is standard deviation of the profile after the implantation. 

3.1.2. Simulation of the diffusion from the buried and surface 

implantation local sources 

The specific profile after the implantation, showing a maximum of the doping 

concentration in the silicon bulk and a rapid decreasing concentration near the 

silicon surface depending on the implantation energy is favorable to avoid the 

self-doping of the silicon substrate before the epitaxial growth process in the 

integrated circuit manufacturing for the realization of the isolation walls by a 

buried and/or surface doping source [27-30] and we simulated it under various 

conditions [31-33] in order to describe a large range of useful applications as 
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multisequential annealing, with and without impurity losses, laser – assisted 

annealing, surface and buried source redistribution process, redistribution with 

fixed boundary or during a moving boundary process like the epitaxial growth. 

In Fig. 10 (a) it is shown a schematic representation of a silicon microstructure 

isolation realized by the boron diffusion from a buried and a surface implanted 

source allowing the concomitant epitaxial growth and the boron diffusion during 

the thermal process and the substantial reduction on this way of the fabrication 

time. However, in order to optimize this process (to avoid concomitantly the 

lateral self-doping of the silicon layer with boron atoms from the local implanted 

source and the loss of a significant quantity from this source during the pre-

epitaxial etching process), it was necessary to dispose of a solution of the 

diffusion equation to describe the post-implantation redistribution during the 

multi-sequential thermal processes, taking into account also the possible ex-

diffusion and the displacement of the silicon surface due to the etching pre-

epitaxial process (moving boundary), as it was presented in [31-33]. A simulation 

example to obtain the optimal process conditions with respect to the implantation 

energy E, the implantation dose N, the etching process with the rate v, on the base 

of our analytical results is shown in Fig. 10 (b), considering the etching pre-

epitaxial time t as a parameter.  

 

Fig. 10. (a) Schematic representation of a silicon microstructure cross section isolated by the 

surface and buried local implantation source.  

(b) Simulated boron diffusion profiles as a function of the optimizing process parameters: dose N 

and pre-epitaxial etching time t after a boron ion implantation with the energy E=300 keV [33]. 
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3.1.3. Simulation of the laser-assisted redistribution after the 

impurity implantation in silicon 

As an alternative technique for the recovery after the impurity implantation in 

silicon, the laser-assisted annealing presents the advantage of shorter process [34]. 

However, the use of pulsed-laser for the post-implantation annealing of 

semiconductors (particularly of dopant impurity implanted in silicon) requires the 

knowledge of the laser-induced thermal regime, i.e. the spatial and temporal 

evolution of the laser-induced temperature in the irradiated solids, with respect of 

the material characteristic parameters. We deduced the induced temperature as a 

solution of the heat transport equation in solid under certain conditions, as 

presented in Fig. 11 (a), describing the distribution of the temperature in solid as a 

function of the heat diffusion length both in the turn-on and turn-off stage for a 

pulse duration τ=10
-4

 sec and the process time t as a parameter in the case on the 

silicon is not melted.  

 

Fig. 11. (a) Simulated temperature depth distribution in silicon [35] during 

a pulsed ruby laser turn-on stage (left vertical axis) and a turn-off stage (right vertical axis) with time as 

a parameter during and after a pulse of 10
-4

 sec. (b) Simulated boron diffusion profiles  

after various values of the energy density of a ruby pulse laser [36]. 

In Fig. 11. (a) D is the heat diffusion coefficient, α the absorption coefficient of 

the radiation,  ΔT is the temperature variation with respect to the ambient one and 

Φo is the absorption irradiation flow depending on the energy density of the laser 

and on the material parameters [35]. 

A substantial redistribution of the main doping impurities (B, P, As) in silicon has 

been observed after the post-implantation annealing process performed by using a 

ruby pulsed laser for short time (of the order of 10
-7

-10
-8

 sec.) [34], which can be 

explained by the impurity diffusion during a melt-phase of the implanted silicon 

layer [36].  
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We succeeded to describe analytically the impurity redistribution after ionic 

implantation and laser post implantation annealing (pulsed laser melting and re-

crystallization process) [36] by surpassing of the theoretical complications coming 

from the time dependence of the pulsed laser temperature and corroborating with 

our approached form for the impurity post implantation redistribution [32], so that 

a very good agreement with the experimental data represented in Fig. 11 (b) and 

12 (a) it was obtained.  

 

Fig. 12. Simulated redistribution profile in [100] oriented silicon [36] after a pulsed ruby 

laser annealing (radiation length λ=0.69µm) with a density of energy in the range 1.5 -1.7 J/cm
2
 

corresponding to: (a) boron implanted impurities; (b) phosphorus implanted impurities. 

Similar results we obtained to simulate the phosphorus, arsenic and antimony 

redistribution after a ruby pulse laser annealing, as it is shown in Fig. 12 (b) and 

Fig. 13 (a) and (b) respectively. 

 

Fig. 13 (a). Simulated arsenic redistribution profile silicon after a pulsed ruby laser annealing [36]. 

(b) Simulated antimony redistribution profile with and without surface impurity losses [37, 38].  
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The profiles of Sb after the post implantation laser annealing with and without 

impurity losses through the external silicon surface were also well described by 

suitable analytical approximations, as it is shown in Fig. 13 (b) [37, 38]. In this case a 

suitable solution of the diffusion equation was necessary to be deduced including in 

an explicit form the Sb out-diffusion from the silicon surface during the annealing 

process in order to correctly describe the redistribution profile (Fig. 13 (b)), by 

including a parameter H of the out-diffusion in the surface diffusion conditions and a 

redistribution length Ɵ which includes, besides the standard deviation ΔRp of the 

implanted profile, an integrated redistribution coming from the time-dependent 

diffusion coefficient, so that a close approximation useful for the full description of 

the laser–assisted post-implantation process was successfully obtained  [36-38]. The 

very good agreement of our theoretical considerations and results with the 

experimental data, well support our modeling and simulation, by a successful ability 

to describe in this way the phenomena intervening in such a complex redistribution 

process (pulsed laser melting and re-crystallization process, time-dependent diffusion 

coefficient of the heat transmission in silicon). Successful results were obtained also 

on a modelling of heat transmission in multilayer solids with cylindrical symmetry in 

a microstructure power heating system for industrial application [39]. 

3.2. Simulation of the impurity profile after the diffusion from polysilicon layers 

Extending our researches to the diffusion from polysilicon sources, we had shown 

that a suitable analytical description of the boron and arsenic diffusion profile in 

silicon [40] is obtained taking into account rel. (3) and (8) respectively, the 

diffusion coefficient of the arsenic exhibiting a concentration dependence on the 

form D~C. The comparison between our theoretical results and the experimental 

data [41] well supports our models (Fig. 1). Our results constitute therefore a 

valuable alternative to the complicated numerical computation software models 

included in SUPREM and ICECREM simulators [42].  

 
Fig. 14. (a) Boron and (b) arsenic simulated diffusion profiles in silicon after diffusion  

from polysilicon doped source [40] compared with experimental data [41]. 
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Due to the low defect density induced in the processed bulk, the implanted 

polysilicon layers sources are useful for the fabrication of the integrated circuits 

with shallow junctions and are suitable for the microfabrication of high efficiency 

bipolar transistors and MOS type devices [42]. 

3.3 Simulation of the impurity diffusion in multilayers systems 

Versatile analytical results able to describe the impurity diffusion from [43, 44] 

and through [45] a multilayer system on silicon (and on GaAs for Zn diffusion), 

as non-conventional diffusion techniques with applications in the shallow junction 

technology were also obtained, useful both for further theoretical developments 

(simulation of diffusion in regions with D=D(x), for instance near the 

Dielectric/Si interfaces) and for the simulation of the diffusion from a 

SiO2/Doped-SiO2 source in silicon.  

In Fig. 15 (a) is shown an example of the simulation of the impurity diffusion 

from an infinite source (not consumable during the diffusion process) into a 

system of three components, the last one being a semi-infinite semiconductor 

[43]. The variation with the depth of the impurity concentration in each of the 

system component results as an infinite series of erfc-type functions, but in the 

practical cases only a few first terms contribute significantly (depending on the 

desired accuracy) to describe the impurity diffusion profile (Fig, 15 (a)), even the 

first term only Fig. 15 (b)). 

 

Fig. 15. Simulation of the impurity diffusion in a system with three components including 5 terms 

of the convergent series (a) and only the first one (dashed line), compared with a calculated profile 

including 4 term contribution (solid line) [43] (b), showing a rapid convergence of the series. 

An interesting situation is the diffusion in a multilayer system consisting in an 

external local deposited source deposited onto the semiconductor surface, which 

can be protected or not [44, 45], the protection consisting in an external layer 

(for instance SiO2).  
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The protected source can be a SiO2/(Doped SiO2)/(External Protection SiO2) 

system deposited during the same technological process into the same tube on the 

silicon or GaAs wafer (or other type of semiconductor compounds), the protection 

referring to the oxide barrier properties against the impurity out diffusion from the 

local doped source layer during the thermal processing [46, 47].  

As the impurity still can escape from the local source (Doped SiO2 layer) to the 

external ambient through the protection SiO2 layer, depending on the diffusion 

length with respect to the thickness of the protection layer, this would be a Partially 

Protected (PP) source, in opposition with the Entirely Protected (EP) source [45]. 

Solutions of the diffusion equations were given for Unprotected Sources (UP), EP 

and PP systems and simplified forms suitable for rapid evaluations were deduced in 

that cases [45].  

Such sources are widely used for the fabrication of thick doped layers of the high 

power transistors and/or for isolation wall of the integrated circuits.  

Special applications are also noticeable for low doped layers and for the fabrication 

of GaAs luminescence diodes [46, 47].  

In Fig. 16 (a) is demonstrated that D = const (D does not depend on concentration) 

on the intrinsic range considered in our modelling [45] is a realistic assumption and 

in Fig. 16 (b) the possibility to obtain very close performances by using PP sources 

(easier to be obtained during a continuous process in the tube, as discussed above) 

instead of an EP source (ideal from the protection point of view).  

 

Fig. 16. (a) Simulated diffusion profiles of phosphorus and antimony in silicon on the intrinsic range 

by using the typical erfc function, denoting that D=const. (b) Comparison between the close 

performances of a partially protected (PP) source and of an entirely protected (EP) source represented 

as normalized concentration (Cpp/Cs, Cep/Cs where Cs is the surface value) vs. the diffusion depth. 
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Fig. 17. Our experimental results on Zn diffusion in GaAs through a SiO2 layer:  

(a) Zn profile fitted by an ercf type theoretical profile (D=const.); 

(b) Zn depth dependence on the square root of the diffusion time in GaAs  

and in SiO2 layer (inserted graph). 

In Fig. 17 (a) is shown the variation of the Zn concentration with the depth in 

GaAs which we obtained by successive removals of thin doped GaAs layers and 

sheet resistivity measurements after Zn diffusion from a local doped source 

through a SiO2 layers in the GaAs wafer, demonstrating that this profile follows 

an erfc type variation (D = const) [45].  

In Fig. 17 (b) are presented our experimental results on Zn diffusion in the same 

system, showing a dependence of the junction depth on the square root of the 

diffusion time [47], which is characteristic for the assumed model [45].  

By a suitable extrapolation procedure there were obtained similar results showing 

the behaviour of Zn diffusion in the SiO2 layer (inserted graph in Fig. 17 (b)) [47].  

4. Misfit stress and misfit dislocations induced by the impurity diffusion 

in silicon  

Due to the mismatch between the radius of the impurities diffusing in silicon and 

that of the host atoms, an elastic stress is induced in the silicon wafers, which can 

generate under some critical conditions a dense area of misfit dislocations, 

affecting the quality of the electrical junction properties like the reverse current 

through a p-n junction, the breakdown voltage [48], the recombination current 

[49], specifically observed after the fabrication of the pnp-type switching 

transistors and integrated circuits due to the precipitation of the electrically active 

metallic impurities like gold [50] and not only. 
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4.1 Evaluation of the misfit elastic stress induced by the impurity 

diffusion in silicon 

Focusing our investigations on the critical conditions for the generation of the misfit 

dislocations in silicon induced by the impurity diffusion in silicon, we dedicated an 

especial  attention to the suitable techniques to reveal the dislocations [51] both on 

the fabricated microstructure of the integrated circuits after the boron diffusion and 

on the processed silicon wafers (Fig. 18 (a)), and on the evaluation of the misfit 

elastic stress induced by the diffusion in silicon, specifically after the boron 

implantation and post-implantation annealing [52, 53] (Fig. 18 (b)). 

 
Fig. 18. (a) Boron diffusion induced dislocations revealed by preferential etching technique on an 

integrated circuit microstructure (superior side) and on the silicon wafer (inferior side of the figure) [51]. 

(b) Simulation of the misfit elastic stress induced by boron implantation with a dose N = 10
14 

cm
2
 and 

with the energy E = 80 keV (full line) and E=150 keV (dashed line) and post-implantation annealing at 

the temperatures T = 600
o
 C and T = 1150

o
C for a time t = 30 min in typical silicon wafers of 

250 µm thickness used for microstructure fabrication [52, 53]. 

Calculating the elastic stress induced by the boron implantation in silicon, we 

shown [52] that the variation of the stress perpendicular on the diffusion direction 

σ┴  in a silicon wafer of the thickness 2a follows mainly the doping profile 

variation (Fig. 18 (b), the terms expressed as a function of (L/a) and (L/a)
2
, where 

L is the effective diffusion length, representing corrections of the first and second 

order respectively [52] because in the most applicable cases L/a1. These results 

allow calculating the elastic stress induced in the silicon wafers by ion 

implantation and subsequent annealing at a function of the process conditions: 

implantation dose, implantation energy and the diffusion time and temperature. 

On this basis we explained the drastic reduction with two orders of magnitude of 

the density of the boron implantation dislocations loops after a second step of 

annealing, [53] by the contribution of the driving force induced by the mismatch 

stress to the dislocation climbing or gliding process to the silicon surface, where 

these dislocations are annihilated by a relaxation mechanism.  
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4.2 Critical conditions for the generation of misfit dislocations induced 

by boron diffusion in silicon 

Due to the mismatch between the impurity and the silicon lattice atom radius at high 

boron concentration, a dens misfit array of boron induced dislocations is generated 

within a region near the surface limited in the silicon bulk by the plane of maximum 

gradient [54], and based on that our assumption, we calculated the critical 

conditions of the generation of misfit dislocations by means of rel. (3) and we 

expressed these conditions in terms of variation Co vs. diffusion depth (Fig. 18 (a)), 

Co vs. the critical diffusion time (Fig. 19 (a)) and critical time vs. temperature (Fig. 

19 (b)), and we analysed by secondary ion mass spectroscopy (SIMS) and the 

bevelled angle selective chemical etching (BASCE) advanced techniques the boron 

induced misfit dislocations after diffusion from BN source [55] with further 

applications on the control of the boron induced stress in thin silicon membranes 

obtained by bulk micromachining technology [56].  

 
Fig. 18. (a) Surface boron concentration as a function of the critical diffusion depth according to 

our model [54] (full line) compared with our experimental determinations [55] and with the 

phosphorus critical conditions (dashed line) [59]. (b). SIMS determined boron diffusion profile 

after a diffusion from BBr3 source at T=1100
o
C, t=60min and the BASCE corresponding misfit 

dislocations (inserted photo) determined under an angle of 53´. 

In Fig. 18 (b) is shown a typical boron profile after 1 hour diffusion from BBr3 

source at 1100
o
C determined by SIMS technique and the corresponding misfit 

dislocation area (inserted photo) revealed by BASCE technique [55], allowing the 

extraction of the useful data to compare our theoretical model with the 

experimental evidence, as shown in Fig. 18 (a) for various conditions of diffusion 

time and temperature.  

The agreement between the experimental and theoretical results well support our 

model. 



Modelling and Simulation of the Impuritiy Diffusion 

 and Related Phenomena in Silicon and Polysilicon Systems 

 in Microfabrication and Micromachining Technologies 61 

 

Fig. 19. (a) Surface boron concentration as a function of the critical diffusion time [54]. 

(b) Calculated critical diffusion time as a function of the diffusion temperature necessary for 

the generation of the boron misfit dislocations in silicon. 

In order to optimize the boron diffusion process by the minimization of the misfit 

stress induced in the silicon membranes for the micromachining fabrication by 

bulk technique of the silicon capacitive pressure sensors for biomedical 

applications [56], we performed some adequate experiments consisting in boron 

prediffusion from BN source (a first diffusion step) and an oxidation at high 

temperature in oxygen gas, applying then SIMS and BASCE determinations to 

observe the correlation between the diffusion conditions and the misfit 

dislocations. 

The long-time diffusion (60 min) at high temperature (1150C) was necessary to 

define sufficiently thick micromechanical elements after the chemical etching in 

alkaline solutions performed by the bulk micromachining technology.  

A typical result is shown in Fig. 20 (a), representing the depth distribution of the 

dislocation density and the corresponding BASCE revealed dislocations in the 

inserted photo.  

As it can be seen from this graph, the extended density distribution in the entire 

doped region after the diffusion is converted in a localized distribution with a 

maximum value near the maximum gradient of concentration, explained as a 

result of the annealing process associated with the relaxation of the induced stress. 
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Fig. 20. (a) The distribution with the depth of the density of misfit dislocations after the boron 

diffusion performed in two steps: T1 = 900
o
C, t1 = 45 min, T2 = 1150C, t2 = 60 min and 

the corresponding BASCE aria of misfit dislocations (inserted photo). (b) Simulation curves 

describing the critical conditions of the misfit dislocations generated by the phosphorus 

diffusion in silicon in terms of phosphorus surface concentration vs. critical diffusion time for 

various diffusion temperatures [57]. 

4.2 Critical conditions for the generation of misfit dislocations induced 

by phosphorus diffusion in silicon 

We calculated also in an analytical way the critical conditions for the generation 

of the misfit dislocations induced by the phosphorus diffusion in silicon at high 

concentration [57, 58], taking into account the results of our analytical model 

describing the phosphorus diffusion profile in silicon (rel. (9a)) and a previous 

model on the misfit dislocations showing that these dislocations are generated in 

the high concentration region near the silicon surface [59] (where the phosphorus 

diffusion coefficient depends on second power of the doping concentration) and 

the critical conditions are shown in Fig. 18 (a), compared with the corresponding 

experimental data [59]. Our model allowed to calculate therefore the critical 

conditions for the generation of the misfit dislocations during the phosphorus 

diffusion in silicon in terms of phosphorus surface concentration as a function of 

the critical diffusion time for various diffusion temperatures [57, 58] (Fig. 20 (b)) 

and on this way a allowing a very close control for the fabrication of high quality 

(low density of diffusion pipes) in npn transistors and integrated circuits. 

5. Simulation of gold diffusion in silicon and gettering phenomena 

Gold is an impurity acting as a recombination centre in both p and n-type silicon 

and is intentionally introduced in silicon wafers by a diffusion process for the 

fabrication of the fast switching transistors with computer applications.  
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The gold diffusion in silicon can be described by a dependence D~C
-2

 and by a 

corresponding diffusion profile shown in Fig 21(a), so that this non uniform 

profile modifies the ideal forward current density Ji through a p-n junction, 

converting it in a current density J dependent on the junction depth xj and on the 

gold diffusion conditions (time and temperature) [60], as it is illustrated in Fig. 

21(b) and 22(c). The correction factor J/Ji is expressed as a ratio between two 

Bessel’s functions, Ko (of zero order) and K1 (of the first order): 

])1())0(/2[()1(/])1())0(/2[(/ 1  mwmLKmwmwmLKoJiJ  where L(0) 

is the minority carrier length corresponding to the junction depth and w the 

thickness of the depleted region.  

In Fig. 22 (b) is represented the generating reverse current density of a p-n 

junction with diffused gold calculated according tour model as a function of the 

specific parameter of the gold diffusion profile ln(1+mw), where w represents the 

width of the depletion region, the very good agreement between our model and 

the experimental data allowing the extraction of the parameter m of the gold 

profile for the two conditions of the gold diffusion at the temperatures T = 900
o
C 

and T = 950C. 

We calculated also and reported the modifications of the forward current density 

in the p-n junctions fabricated by ion implantation where the generated defects are 

electrically active due to the local trapping of the metallic impurities within the 

implanted layer [62]. It was shown that the shape of the forward characteristic I-V 

of the p-n junction is not modified by the spatial distribution of the recombination 

centres, but the value of the forward current density is modified by a factor 

depending on the parameters of the their distribution profile [62]. 

 

Fig. 21. (a) Au, P, B and Sb schematic representation profile and corresponding Si self-interstitial 

concentration. (b) Variation of J/Ji (V) with Au diffusion time. 
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Fig. 22. (a) Variation of J/Ji with xj and TAu. (b) Variation of the generation current density Ig 

with the parametric relation ln (1+mw) in p-n diodes diffused with gold at 900

C and 950C 

for 15 min, the arrow marking the start of the breakdown state. 

In opposition to the previously described situation, the objective of the gettering 

process is to trap the metallic impurities in the highly doped layers, in order to 

increase the minority carrier life time in the electrically active silicon bulk regions 

and to improve consequently the efficiency of the photovoltaic cells or other 

sensitive devices. By a careful analysis of the diffusion profiles of P, B, Sb and As 

doping impurities with respect to that of Au in silicon and of the corresponding Si 

self-interstitial currents injected by the diffusion, we shown [61] (Fig. 8 (a)) that 

the self – interstitial current generated by P and B diffusion is favorable to 

enhance the transport and gettering of Au and Pt near the silicon surface, while As 

and Sb diffusion in silicon do not induce a similar transport and gettering process 

because their corresponding dominant diffusion mechanism is done by means of 

vacancies.  

The interstitial current induces a drift of 3d metallic elements (cobalt group) near 

the surface, because the substitution component has a significant concentration 

only in the highly P doped layer. In highly B doped silicon, the 3d elements 

exhibit an increased solubility of their interstitial component and therefore the 

interaction with the Si self-interstitials is not an operative transport mechanism in 

that case. 

Such accurate results were included in process simulators or in our patents 

dedicated to the fabrication technologies of various types of silicon devices as J-

FET transistors, electroluminescent diodes, MESA power diodes, photovoltaic 

devices (solar cells), phototransistors, planar epitaxial diodes and integrated 

circuits [27-30, 46, 62-66]. 
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5. Simulation and modelling of specific processes in silicon and 

polysilicon layers for membrane achievement 

We started or researches on both the bulk and surface micromachining technology 

to optimize the specific processes for the fabrication of silicon membranes for 

capacitive pressure sensors for biomedical applications within the CASE 

European Project CASE [67]. In the bulk micromachining technology is necessary 

to control the etching process on the highly boron doped silicon layers to control 

the final thickness of the membrane and also to diminish the internal stress 

induced by the mismatch into the silicon lattice [56]. The surface micromachining 

technology is based on the etching of the SiO2 layers bellow the phosphorus 

doped polysilicon layers so that the optimization of the annealing process during 

the phosphorus diffusion in polysilicon is necessary to reduce or eliminate the 

internal stress [67]. 

5.1 Simulation of the etching process after the boron diffusion in silicon 

for the achievement of the silicon membranes by bulk micromachining 

technology 

Our researches devoted to the silicon membrane achievement by bulk 

micromachining technology for the capacitive pressure sensors for biomedical 

applications within the frame of CASE European project [67], started from the 

observation that the specific boron profile redistributed after the implantation [68] 

or after thermo-chemical diffusion [69] in the bulk micromachining technology will 

determine a variation of the chemical etching rate R with respect to the rate Ri in 

weakly doped silicon in 10% KOH (LiOH, NaOH) or EDP (ethylene-diamine-

pyrocatechol) solution at the etching temperature Te = 60
o
C for which a = 4 and in 

24% alkaline type solutions for which a=2 in the relation R/Ri=1/[1+C/Co)
a
]
4/a

 [70].  

 
Fig. 23. (a) Variation with the depth of R/Ri in silicon layers doped by implantation.  

(b) Δt/τ vs. depth during the etching of the implanted layer. 
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The results of our simulated boron doping profiles, chemical etching rate and 

corresponding etching time Δt, allowing a correct control of the etching process, 

are shown in Fig. 23 (a) and (b) for a boron implanted layer and in Fig. 24 (a) and 

(b) for a boron doped layer by diffusion from BN source [56, 69]. 

 
Fig. 24. (a) Variation with the depth of the boron diffusion profile with (full line) and without 

(dashed line) contribution in the intrinsic range. (b) Corresponding R/Ri and Δt/τ vs. depth during 

the etching of the BN diffused layers as described in Fig. 24 (a). 

5.2 Modelling of the doping – restricting process during the phosphorus 

diffusion on polysilicon layers for the achievement of the silicon 

membranes by surface micromachining technology 

 
Fig. 25. (a). Capacitive sensor structure for biomedical applications fabricated by our 

micromachining technology. (b) SIMS and SRP phosphorus diffusion profiles showing the 

electrical activation of phosphorus atoms after diffusion. 

The main objective of the researches to obtain silicon capacitive sensors by 

surface (polysilicon based) micromachining technology (Fig. 25 (a)) was to 

reduce or eliminate the internal stress or stress gradient induced by the atomic 

mismatch in the polysilicon layers doped by phosphorus diffusion and for this 
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purpose we used the secondary ion mass spectroscopy (SIMS) and spreading 

resistance profiling (SRP), correlated with cross-section electron transmission 

spectroscopy (XTEM) to analyse the structure of LP-CVD polysilicon after the 

deposition and after the diffusion steps (Fig. 25 (b)) [71].  

We proposed a doping – restructuring model [72-75] of the polysilicon layers to 

explain the mechanism of the restructuring processes [76] as follows: the P 

diffusion in polysilicon and the oxidation during the P thermo-chemical process 

(POCl3) inject Si self-interstitials which determine an enhancement of the grain 

growth. During the growth, the surface of grain boundary decreases 

correspondingly and thereby the inactive P amount segregated there. The 

enhancement of grain growth determines an enhancement of P atom incorporation 

in the grains, so that their diffusion in Si bulk furthermore generates self- interstitial 

atoms which additionally contribute to the growth enhancement, in a continuously 

self-promoted doping-restructuring process. We proposed also a mechanism 

implying the atomic transport of the oxygen by means of the mobile SiO species to 

explain the degradation of the SiO2 layer during the phosphorus diffusion and the 

formation of the SiO2 precipitates near the SiO2/Silicon interface [77], as it can be 

seen in Fig. 26 (b). These mechanisms well explains the restructuration of the initial 

columnar type structure (Fig. 26 (a)) to a large grain one (Fig.26 (b)) and the 

reduction/ elimination of the internal stress by applying the optimal conditions of 

drive-in diffusion process for the fabrication of the silicon membrane for the 

capacitive pressure sensors with biomedical applications [71]. 

Fig. 26. (a). The columnar structure of the initial LP-CVD polysilicon layer.  

(b) The large grain structure after the drive-in thermal process (T = 1030C, 20 min). 

To obtain the full information on this technology we studied the 

polysilicon/SiO2/silicon system under oxidizing conditions in oxygen gas (Fig. 27 

(a)), and we explained the enhancement of the phosphorus diffusion coefficient in 

silicon observed by the fitting of our SIMS measurements on the diffusion profile 

with the default values used by SUPREM IV simulator by the excess of self - 
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interstitials atoms due to the dynamics of the reaction Si + O  SiO and 

2 SiO2 Si +O2, where SiO is a mobile species in silicon [77, 78]. 

We studied also the formation of thin poly-SiC layers for micromechanical 

applications starting from the poly-Si layers implanted in multiple cycles with 

carbon with a dose in the range 2.5-10  10
17

 cm
-2

 suitable that the solid solubility 

of the carbon concentration in silicon to be exceed and energies in the range 

40-120 keV and subsequent annealing at high temperature for a long time in order 

to assure the recrystallization process [79] (Fig. 26 (b)). 

 

Fig. 27. (a). Simulated phosphorus diffusion profile (dashed line) in a Polysilicon/SiO2/Silicon 

system under oxidizing conditions at T = 900C, t = 30 min in oxygen gas compared with 

experimental SIMS profile (full line); the inserted photo is an XTEM micrograph of the analyzed 

system and the inserted graph represents various fitting values of the diffusion coefficient in 

silicon for a value of the segregation coefficient m = 3. (b) As implanted carbon profile in silicon; 

the inserted photo represents an XTEM micrograph of the carbon rich and poly-SiC formed region 

of the polysilicon layer. 

The simulated profile was correlated with XTEM micrographs (inserted in Fig. 26 

(b)), showing a very close relation between the poly-SiC formation on the high 

carbon concentration region of the implantation carbon profile and a carbon rich layer 

in the region of lower carbon concentration near the polysilicon external surface [79]. 

6. Conclusions 

We proposed as non-electrical new profiling methods to determine the entire 

impurity concentration diffused in silicon, electrically active and not active, the 

spectrographic emission dosing for the determination of the total boron 

concentration profile and the spectrophotometric dosing method for the 

determination of the total phosphorus diffusion profile, showing that after the 

boron diffusion in silicon from a solid BN source the all quantity of boron is 

electrically active, while after the phosphorus diffusion from POCl3 liquid source 

a significant quantity of phosphorus atoms is electrically inactive. 
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We show by a careful analysis of the spread experimental data on B diffusion in 

silicon that the B diffusion coefficient D varies as the square root of the boron 

concentration (D~C
1/2

)
 
during the diffusion from BBr3 source, suggesting that the 

Si self-interstitial atoms contribute to the diffusion mechanism, while during the 

diffusion from a BN source (D~C) do not.  

A complete set of analytical relations where deduced to adequately describe the 

boron diffusion profile in these cases, both on the extrinsic and intrinsic 

concentration range, as well as the interest material parameters like the boron 

diffused quantity as a function of the diffusion time, the surface concentration and 

surface diffusion coefficient as a function of the diffusion temperature, the sheet 

resistivity and the average conductivity of the doped layers, explicitly expressing 

the corrections which we applied to the fundamental curves currently used in the 

planar technology for the evaluation of the electrical conduction of the 

doped layers.  

To simulate the phosphorus diffusion in silicon we solved a non-linear partial 

derivate equation system on the three regions of the profile, where D~C
2
, D~C

-2 

and D = const. respectively and we obtained explicit expression on each 

that region, adequately describing the phosphorus diffusion profile for the usual 

range of the diffusion temperature (800C - 1100C), well-fitting with 

experimental data. 

B, P, Sb and As diffusion in silicon were adequately simulated under various 

conditions after the diffusion by using conventional (thermo-chemical) and 

non-conventional techniques (implantation and laser – assisted annealing, 

polysilicon sources, doped oxide) with direct application in the transistor and 

integrated circuit fabrication technologies.  

Thus, we shown that the Sb diffusion from thermo-chemical procedure can be 

adequately simulated taking into account a variation D~C on the extrinsic range 

and D = const. on the intrinsic range and that the boron and arsenic diffusion from 

the polysilicon doped sources can be described considering a variation D~C
1/2

 

and D~C respectively. 

We simulated the temperature variation in silicon induced by a pulse laser both 

during the irradiation of the exposed silicon surface and after the stop of the 

irradiation process for values of the temperature not exceeding the melting 

silicon point.  

The redistribution of boron, phosphorus and arsenic in silicon by a pulse ruby 

laser annealing during a melting and recrystallization process was simulated by a 

convenient procedure to avoid the extreme complications arising from the 

temperature and time dependence of the diffusion coefficient.  
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Moreover, by an adequate additional procedure we expressed the redistribution 

profile during the laser – assisted annealing of Sb both with and without impurity 

losses at the external silicon surface.  

We calculated and analysed in detail the concentration profile after diffusion in a 

multilayer system with three and four components, showing that simplified 

solutions which can be reduced to the first terms only could adequately describe 

the impurity diffusion in silicon in some practical cases.  

We calculated and analysed also the impurity diffusion profile after diffusion 

from doped layers distinguishing the behaviour of entirely protected and partially 

protected sources.  

A particular interest was focused on Zn diffusion in GaAs as an application of the 

impurity diffusion from and through the multilayer systems, allowing proposing 

new diffusion techniques for the fabrication of the electroluminescence diodes. 

Accurate profile experimental data obtained after the redistribution of the 

phosphorus and boron diffusion in silicon including the oxidation process shown 

the behaviour of these impurities near the silicon/SiO2 interface and we calculated 

the recovery boron diffusion profile during the post-oxidation annealing with 

application in MOS fabrication technologies. 

We deduced suitable approximations of the diffusion equation to describe 

adequately the boron redistribution during the post-implantation multisequential 

thermal processes, particularly for the modelling and optimization process of the 

buried diffusion source for the fabrication of the isolation walls of the integrated 

circuits according to one of our patent, during the chemical etching process before 

of the epitaxial growth, described by a moving boundary problem and during the 

epitaxial growth itself.  

We also described adequately the diffusion during subsequent thermal process 

after the boron implantation to form the surface diffusion source, necessary to 

complete the isolation wall by the touching of the two diffusion fronts.   

As the stress induced by the misfit between the atom impurity radius and the host 

atom radius could affect the properties of the semiconductor devices especially by 

the generation of the misfit dislocations in the electrically active microelectronic 

structures and the mechanical properties of the micromechanical elements realized 

by micromachining technologies, we calculated the stress induced after the boron 

implantation in silicon, showing that it could contribute to the recovery of the 

primary implantation defects and the significant reduction of the dislocation loop 

density especially after the multisequantial thermal annealing. 

We explicitly deduced in terms of technological control parameters (time and 

temperature) the conditions of the generation of misfit dislocations, both for boron 
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and phosphorus diffusion in silicon at high concentrations, offering a suitable 

model for the generation of the misfit dislocations during the boron diffusion in 

silicon related by the maximum gradient of the concentration in the silicon bulk. 

We applied the bevel angle selective etching (BASC) technique and the secondary 

ion mass spectrography (SIMS) method to compare our theoretical calculations 

with accurate suitable experimental data, which proved the proposed model.  

We found also that after the boron diffusion in silicon from BN source followed 

by an oxidation annealing process useful for the fabrication of the 

micromechanical elements by the bulk micromachining technology the density of 

the misfit dislocation is reduced and localized near the maximum gradient of 

boron concentration, in agreement with our model.   

The influence of Au diffusion on the forward and reverse I-V characteristic of a 

p-n junction was analytically expressed and we proposed a gettering contributing 

mechanism by self-interstitial injection to explain the behaviour of Au, Pt and 

other metallic impurities in silicon.  

We calculated also the influence on the forward I-V characteristic of the 

electrically active defects after the boron implantation in silicon. 

These results on the impurity diffusion in silicon permitted innovative solutions 

included in fabrication patents and process simulators. 

The optimization of the polysilicon drive-in processing by a doping – 

restructuring model and the simulation of etching process of the boron doped 

layer were successfully applied for the membrane achievement for the capacitive 

pressure sensors fabricated by surface and bulk micromachining technology.  

We successfully extended our researches on the simulation of the phosphorus 

diffusion in silicon during the oxidation process from the polysilicon layers 

finding the correct fitting parameters used in SUPREM IV simulator and the 

formation of poly-SiC layers by carbon multisequantial implantation and 

subsequent annealing for micromechanical applications.  

Taking into account our presented results and future developments, we plan to 

prepare a Romanian simulator for microfabrication and micromachining 

technological processes.  
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