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Introduction 
 

The influence of different processes to the MOS 
transistor output parameters is different. It is therefore 
important to know optimal technological parameters in the 
production of different manufacturing types of MOS 
transistors, especially if the purpose is to achieve the same 
channel length. 

In this work, the models of technological processes 
for the production of different technological routes of 
MOS transistors are prepared. The main attention is 
focused on the channel formation, its structural problems 
using the ion implantation (II) technological process. 
Effects of II technological modes to the transistor output 
characteristics. The simulation results are presented.  
Athena and Atlas software are used for the simulation. 
Technological problems of structure of the selected types 
of MOS with the channel length L of less than 90 nm 
obtained during the simulation are analysed. 
 
Selection and preparation of the mathematical model 
 

In the production of MOS transistors where the L is 
less than 90 nm, it is important to determine the 
appropriate and optimal modes of technological operations. 
II process operations are important in ensuring the 
accuracy of the L, in reducing the width of the source and 
drain areas with the gate.  

 The mathematical model is done for two MOS 
transistor structures with different manufacturing routes. 
These are the MOS with the original channel length of 
L=90 nm. The cross-sectional diagram of MOS transistors 
with lateral impurity implantation is presented in Fig.1. 
[1,2]. In this particular case the gate area is first shaped, 
then the n- region is formed, followed by the “spacer“ 
oxide and then the main source and drain areas n+ are 
formed. The cross-sectional diagram of the transistor with 
local side "pockets" is presented in Fig. 2. [1,2]. In this 

case, the n+ areas are first formed, then the gate is shaped, 
“spacer“ oxide, and n- “pockets” are locally formed.  In all 
cases, MOS transistor simulation, which is usually carried 
out at the design stage, is crucial to the quality parameters 
such as transconductance S [2]. 

We will use the Pearson IV function model (1) for 
the simulation purposes [3]. 

 

 
Fig. 1. Cross-sectional of the MOS transistor with lateral 
impurity implantation 
 

 
Fig. 2. Cross-sectional diagram of the MOS transistor with lateral 
"pocket" formation by way of ion implantation 
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here f(x) – frequency function, a, b0, b1, b2 are moments of 
the f(x) function which are expressed in (2,3,4) equations 
[3]: 
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here Rp – projected range, ΔRp – projected range straggling 
or standard deviation, γ ir β – skewness and kurtosis, 

181210 2 −−= γβA [3]. 
Rp, ΔRp, γ and β, and make four moments of the f(x) 

function. After the evaluation of ion dose φ we can 
describe the distribution function of impurities according 
to the Pearson model (5). However, much more accurate is 
the Dual Pearson (DP) model in which the function of 
concentration of impurities can be expressed as a 
combination of two Pearson functions (6) [3]: 

 

( )xfxC ϕ=)( ,   (5) 

( ) ( )[ ]xfxfxC 21 1)()( ξξψ −+= ,  (6) 

 
here 21 ϕϕψ += is the total implantation dose, and the 
dose variation ψϕξ /1= . 

 
Structure of the model 
 

Thus, the purpose of simulation is to compare the 
dependency of the output characteristics of the two 
different technological routes of MOS transistor structures 
with the induced channel with L<90 nm, of the main 
technological operations (TO) of the ion implantation n1 
and n2. The drain and the source areas are formed with 
these two ion implantations. n1 –TO with the introduction 
of phosphorus (P) impurities, n2 – TO with the introduction 
of arsenic (As) impurities. Transistors of both technologies 
of NMOS type with polysilicon gate. 

TO n1 and n2 are used in both transistors, but in 
different process stages. Certainly, in this case we will use 
the regular method and will consider other TOs of the 
manufacturing route as constant. Each of the ion 
implantation TOs depends on technological modes, the 
main of which are the ion dose φ and energy E. We will 
consider other parameters to be stable. In this way, the 
parameters of these two technological parameters 
determined for the investigation facilitate the task of 
determining the impact of these TOs to the channel length 
L and NMOS transistor output characteristics. 

Each selected ion implantation TO can be described 
as a function of two variables n(x,y), and the function of 
the effect of both implantations G can be expressed as (7). 
In this case, x is the ion implantation dose φ, and y is the 
energy E: 
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We see that in the general case, the II function 

depends on k TO and on k+2 variables (8). In addition, 
each of the nk+1 of the TO II operation must be evaluated 
with the previous ion-implantation effect factor ωk-1. Then, 
the expression would be (9). It should be noted that in this 
case the impact of other factors in the TOs production 
process are not assessed. Due to the number of variables 
and their mutual relationship it is difficult to assess the TO 
impact on the final electronic product, and thus on its 
characteristics. We see that in this case the search of 
optimum is very difficult. 

Structural changes determined during the 
simulation can provide guidance to manufacturers, and 
predict the characteristics of the final product, in this case, 
the NMOS transistor output parameters. 

In the NMOS transistor selected for simulation the 
end-ion implantations TO implant doses and energy are 
changing at the same mode interval. During the 
phosphorus implantation (for the n- field formation) the ion 
dose ranges between 1013 cm-2 and 1014 cm-2, and the 
energy from 1 keV to 50 keV. During the implantation of 
As (for the n+ field formation) the ion dose ranges between 
1015cm-2 and 1016cm-2, and the energy from 1 keV to 50 
keV.  
 
Results of the simulation 
 

In the first case the II simulation results of the 
NMOS transistor’s n- area formation are presented in Fig. 
3. We see that during the formation of the n- area, II 
technological modes must be chosen with great precision 
because in the entire examined II dose range, from 1x1013 
cm-2 to 1x1014 cm-2, the active induced channel length L 
remains limited at 5 keV and at 10 keV. If the II dose does 
not exceed 2x1013 cm-2, L is observed also at 15 keV of 
energy. Thus, we observed the impurities underrunning the 
gate area, Fig. 4. However, the overlap ΔL is growing 
proportionally when the II energy is increased. Thus we 
see that during the formation of "pockets" in case of the 
first implantation, the orthogonal component of ion 
penetration R0 is increasing, and therefore already at 
2x1013 cm-2 above 40 keV we obtain the convergence of 
the n- areas in the bottom section of the "pockets". 

The As II is used in the formation of the main drain 
and source areas in the n+. Simulation results are presented 
in Fig. 5. We see that in the entire selected As II dose 
range the channel length does not change as long as the 
energy does not exceed 40 keV. Upon exceeding 40 keV, 
the channel L is destroyed. In this case we see the 
impurities underrunning the gate area, as shown in Fig. 5. 
At high doses of As II at peak energy values we observe 
that the impurities underrunning under the gate area is very 
significant and in this case reaches 28 nm. 
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Fig. 3. Changes in structure of the NMOS transistor with lateral 
implantation of impurities depends on the energy for the 
implantation of P ions when the dose is 1x1014 cm-2 

 
 

 
Fig. 4. Fragment of the section of the structure of the NMOS 
transistor with lateral implantation of impurities depends when 
the P implantation dose is 4x1013 cm-2, and energy 35 keV. 
 

 
Fig. 5. Dependency of the pn depth of the simulated structure of 
the NMOS transistor with lateral implantation of impurities on 
the energy for the implantation of As ions when the ion dose is 
1x1016 cm-2 
 
  In the second case (with local side "pocket" 
formation) the II simulation results of the NMOS structure 
n- area formation are presented in Fig. 6. and Fig. 7. In this 
case, during the implantation of P it is important not to 
exceed 30 keV in the entire dose range since the channel is 
not yet destroyed then. However, like in the first case, 
when the amount of energy is increasing in the NMOS 
structure, the overlapping with the gate areas is increasing 
and this increases the parasitic volumes of the structure. 
During the As II it is important not to exceed 35 keV in the 

entire dose range – then, the L is maintained. During the 
introduction of As impurities at a high dose of ions at 
maximum energy values the underrun of impurities under 
the gate reaches the depth of 30 nm, Fig. 7. 
 

 
Fig. 6. Dependency of the pn depth of the structure of the NMOS 
transistor with local lateral "pocket" formation on the energy for 
the implantation of P ions when the ion dose is 1x1014 cm-2 

 
According to the variations of the simulated 

structures the transistor’s output characteristics have the 
standard nature of change. However, in this case, it id more 
important to analyse the characteristics of gradient 
changes. In Fig. 9 we see the evolution of the saturation 
current in the simulation of the transistor II modes. We see 
that increasing the channel, the NMOS transistor saturation 
currents increase as well. In addition, it should be noted 
that with the NMOS channel less than 90 nm the saturation 
current ranges from 0.45 mA to 4.5 mA. 

 

 
Fig. 7. Dependency of the pn depth of the structure of the NMOS 
transistor with local lateral "pocket" formation on the energy for 
the implantation of As ions when the ion dose is 1x1016 cm-2 
 

 
Fig. 8. L changes of the NMOS transistor with local "pocket" 
formation and NMOS transistor with lateral implantation of 
impurities depending on the II energy and dose. (Pi – the i-th type 
NMOS P implantation, Asi – the i-th type NMOS As 
implantation) 
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Fig. 9. Saturation current changes of the NMOS transistor with 
local "pocket" formation and NMOS transistor with lateral 
implantation of impurities. (Pi – the i-th type NMOS P 
implantation, Asi – the i-th type NMOS As implantation) 
 
Conclusions 
 

1. The structure with the lateral introduction of 
impurities is more sensitive to the n- area formation II TO 
modes. At ion doses from 1x1013 cm-2 to 1x1014 cm-2, the 
active induced L remains at only 5 keV and at 10 keV. 
Alternatively, the impurity underrunning under the thin 
gate oxide is observed.  

2. For the NMOS transistor with local side “pocket” 
formation in the n- area formation in the II method the TO 
energy in the entire range of implantation doses can not 
exceed 30 keV. Upon exceeding it, the induced channel L 
is destroyed. 

3. In the formation of the main drain and source areas, 
n+ we see that in the selected As II dose range L does not 
change as long as the energy does not exceed 40 keV. If 
exceeded, the impurities underrun under the thin gate. 

Then we can consider that the installed channel was 
formed with a depth of up to 30 nm for both NMOS 
simulated cases. 

4. During the As implantation the active channel 
length L remains stable in a larger range of the II energy. 

5. The simulations showed that when the ion 
implantation dose and energy are increased, the NMOS 
transistor’s saturation current increases, which in the 
NMOS channel less than 90 nm varies from 0,45 mA up to 
45 mA. 
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