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Abstract 

In this paper, we report our KMC study on the 
enhancement of boron activation by Si pre-implant process.  
We investigated the activation of boron during thermal 
process after the silicon pre-implant and found that the 
activation has been enhanced due to the presence of a 
vacancy rich region close to the surface.  In this paper, we 
also report our numerical study on the effect of the silicon 
pre-implant (PAI) on the reduction of boron transient 
enhanced diffusion (TED). 

 
1. Introduction 

With increasingly stringent requirement on the depth 
scaling of the source/drain junction in CMOS devices, 
pre-amorphization has also been used prior to low energy 
implant to generate shallower junction depth.[1-3] 

It is well known that boron atoms experience so-called 
transient enhanced diffusion (TED) during post-implant 
annealing process due to their interaction with the silicon 
interstitials and that the activation of dopants is limited by 
the thermal solid solubility. [4-6] High energy ion 
implantation provide a unique method to separate the spatial 
distribution vacancy-rich region close to the surface [6]. 
There are some technical reports on the mechanism of 
diffusion in silicon pre implant relying on the macroscopic 
diffusion model.  For better understanding the physics of 
boron diffusion, however, an atomistic modeling approach 
is essential due to the inherent limit of the continuum model 
for nano-scale devices. In this work, we investigated the 
effect of Si pre-implantation on the low energy B implant 
and boron activation enhancement during the post-implant 
annealing process using kinetic Monte Carlo (KMC) 
approach. 
 
2. Kinetic Monte Carlo Implementation  

In the KMC method, a physical system, which consists of 
many possible events, evolves as a series of independent 
event occurring.  Each event has its own event rate. Event 
rate is calculated from the equation (1). Here, Eb presents 

the migration energy for the barrier against the jump event 
of the mobile species or a binding energy for clusters. In 

addition, is the attempt frequency, which is simply the 
vibration frequency of the atoms. Typically, the attempt 
frequency is of the order of 1/100 fs. These parameters can 
be obtained from ab-initio calculation or experimental data 
[7]. 
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Our problem is the consideration about the thermally 

activated events in a thermal-annealing simulation after ion 
implantation. If the probability for the next event to occur is 
independent of the previous history, and the same at all 
times, the transition probability will be a constant, which is 
called Poisson process. To derive the time dependence, we 
can consider a single event with a uniform transition 
probability r. Let f be the transition probability density, 
which gives the probability rate at which the transition 
occurs at time t. The change of f(t) over some short time 
interval dt is proportional to r, dt and f, because f gives the 
probability density that the physical system still remains at 
time t. 
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Further, the solution is given by the following boundary 
conditions. 

)3(.)0(,)( rfretf rt == −

 
Therefore, the simulation time is updated for (t = t + Δt) 

according to event rates as follows, because an ensemble of 
independent Poisson processes will behave as one large 
Poisson process: 
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Here, u is a random number and R is the total sum of all 

possible event rates. We select an event according to the 
event rates, and KMC is suitable to simulate non-uniform 
time evolution processes. Figure 1 shows above work flows 
shortly. Cluster model is important in investigating TED. 
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Clusters, including silicon interstitial clusters (In), vacancy 
cluster (Vn) and boron silicon complex (B IB

n

n

1

m n) are defined as 
the compound of single particle. All the combination actions 
of clusters are as follow: 

1nI I I ++ ⇔
                   (5)                                                   

                                  (6)                                                                    1nV V V ++ ⇔

1m n i m nB I B B I+ ++ ⇔
                          (7)                                                           

1m n m nB I I B I ++ ⇔                               (8)                                                           
where for In and Vn, n < 100 and for B IBm n, n < 5 and m < 5. 

The annihilation and combination are assumed to occur 
whenever two concerned particles are close enough to each 
other. To obtain coordinates of all point defects and dopants 
with Ge PAI, we used BCA code (UT-MARLOWE 6.0). 
Obtained profile of interstitials, vacancy, and boron with Ge 
PAI is imported to KMC simulator for annealing process. 
Also, simulation box size is defined as 60 x 60 x 600 nm for 
annealing process.  

  
4. Experimental Design  

In order to investigate silicon pre-implantation effect, Si 
implantation is performed with dosage of 3 x 1014 /cm2 and 
with implantation energy of 200keV. Further, B 
implantation is performed with dosage of 4.5 x 1015/cm2 and 
implantation energy 2keV, followed by an annealing 
process is performed at 790 C for 18 sec.  
 
5. Results and discussion 

Figure 1 is a diagram illustrating the comparison between 
the Si pre-implant boron profile with non silicon 
pre-implant boron profile.  Figure 1 demonstrates that 
boron tail has been tremendously reduced for the junction 
due to the silicon pre-implant.  It has been reported that 
this phenomenon is due to the defect imbalance [7].   It 
has also been reported that one of the reasons for the boron 
activation enhancement is due to vacancy rich region by 
high energy ion implant. In order to confirm the 
above-mentioned explanation, we performed some 
simulations using KMC code.  First of all, we performed 
the diffusion simulation using KMC with same spatial 
distribution of interstitial and vacancy. Figure 2 shows 
as-implant profile of interstitial and vacancy, which has an 
identical spatial distribution.  Thereafter, we simulate 
annealing process with I-V profile which have vacancy rich 
region.  Figure 3 shows as-implant profile of interstitial 
and vacancy which has a vacancy rich region.  

 
In order to confirm boron activation enhancement, we 

simulated boron diffusion during the annealing process 

using above two I V profiles. Also we calculated 
substitional boron concentration. Figure 4 shows the boron 
substitional profile in terms of implant and annealing time. 
In this figure, we can obseve that more boron is activated in 
the case of vacancy rich region than no vacancy rich region. 
From this results, we can conclude that enhancement of 
boron activation is due to surface vacancy rich region. 
Figure 5 shows the boron total, substitutional, complex 
profiles. In this figure, we observe that there exists a 
difference in total profiles with I-profiles in the boron 
complex region.  Therefore, we can also conclude that non 
activated boron exists as boron complexes. In our KMC 
simulations, the parameters were obtained either from 
ab-initio calculation or from experimental data. Figure 7 
shows the migration and binding energies employed in this 
study. 

 
6. Summary 

In this work, the enhancement of boron activation has 
been numerically investigated in the silicon pre-implanted 
silicon substrate, which has a vacancy rich region in the 
atomistic scale. Our KMC simulation reveals that boron 
activation enhancement seems to be due to the presence of a 
vacancy rich region.  Also, we can conclude that 
non-activated boron exists as boron complex. Our KMC 
study convinces us that these techniques are useful for 
solving problem of boron activation limit due to solid 
solubility.  
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Fig. 1 Work flow of the KMC calculation. 
 
 

 
Fig. 2 Comparison si pre-implant with no si pre-implant data and 
reducing TED effect; boron 2 keV, 4.5 ⅹ 1014/cm2, silicon 200 
keV, 3ⅹ 1015/cm2 and 790 ℃ 18s ( RTA ). 
 

 
Fig. 3 Intersitial and vacancy as implanted profile  ; Si 200keV, 3 
ⅹ 1015/cm2 ; No vacancy rich region. 
 
 
 

Fig. 

Fig. 5 Sim oron 

 

Fig. plex 

 

 
4 Intersitial and vacancy as implanted profile  ; Si 200keV, 3 

15ⅹ 10 /cm2; Vacancy rich region. 
 
 

 
ulated time evolution of the substitutional boron ; b

2 keV, 4.5 ⅹ 1014/cm2,silicon 200 keV, 3ⅹ 1015/cm2 and 790 ℃ 
18s ( RTA ). 
 

 
6 This figure shows boron total, substitutional, com

14profiles; boron 2 keV, 4.5 ⅹ 10 /cm2,silicon 200 keV, 3ⅹ 
1015/cm2 and 790 ℃ 18s ( RTA ). 
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Fig. 7 Migration and binding energies of BmIn clusters use in this 
work. 
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