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Simulation of ion implantation for Si using TCAD 
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To realize further high performance in semiconductor devices, the development of efficient 
processes and a reduction in the number of trial productions are indispensable. Therefore, the 
orientation of development plans and a reduction in trial production by using TCAD (Technology 
Computer Aided Design) are expected. In this study, the simulation of ion implantation for Si using 
TCAD were performed. Especially, the distribution of the impurity in Si was changed from deep to 
shallow area with the increase of tilt angle of ion implantation. 

TCAD симулация на йонно имплантиране в Si (Т. Адачи, Ю. Хитора, Ю. Накагучи, К. 
Такахама, К. Мукай, М. Ямаучи, Н. Окамитсу, Т. Танака). За да се реализира допълнително 
висока производителност в полупроводникови устройства, развитието на ефективни процеси 
и намаляване на броя на пробните продукции са незаменими. Затова се очаква ориентацията 
на планове за развитие и намаляване на производството изпитание с помощта TCAD 
(Technology Computer Aided Design). В това проучване, са извършени симулации на 
имплантацията на йони в Si, използвайки TCAD. По-специално, разпределението на примесите 
в Si бе променено от дълбока на плитка зона с увеличаването на ъгъла на наклона на 
имплантация на йони. 

 

Introduction 
Miniaturization of integrated circuits of 

semiconductor devices has progressed rapidly in order 
to realize high-speed and high-integration and high-
performance devices. Each unit of process in this 
miniaturize brings with it a number of technical 
hurdles that need to be overcome. In addition, the 
number of steps in each process unit has increased and 
the development period has been lengthened 
simultaneously. To shorten the development time of 
IC, efficient development of process and a decrease in 
the number of trial productions are essential, and the 
orientation of a development policy that reduces the 
number of trial productions by using TCAD 
(Technology Computer Aided Design) simulations are 
expected [1]. Moreover, in relation to global 
environmental issues, the importance of energy 
technology is growing more and more, and 
expectation for power electronics is especially high 
[2]. In power electronics, power devices play an 
important role. Wide-gap semiconductors such as SiC 
(silicon carbide) and GaN (gallium nitride) have been 
attracting attention as materials for low-loss devices in 
recent years. Thus, research on power devices and 
appropriate relevant education on power devices are 
vital. 

There are many education methods regarding 

circuits and control using power devices; however, 
there are only a few education methods that teach 
about the manufacturing stages. In addition, detailed 
information on the various semiconductor processes, 
such as ion implantation and annealing; and on device 
structure, such as impurity concentration and device 
size in general power devices are not publically 
disclosed. This presents a problem with respect to 
education on how we deal with these matters. 

To solve these problems, we use TCAD in our 
education system to nurture technology developers 
seeking to understand the complete picture of power 
devices. The merit of using TCAD lies in being able 
to understand semiconductor processes and device 
structures visually as well as their electrical 
characteristics. Our goal is to construct an education 
system that teaches students not only power device 
manufacturing processes but also device structures 
and their electrical characteristics. We reported on a 
case study using the Sentaurus TCAD package from 
Synopsys, Inc. for education on power electronics 
with an emphasis on the semiconductor processes of 
power devices [3].  For power device of SiC and GaN, 
an ion implantation technology using hot ion 
implantation is more complex compared with other 
processes. First of all, in this paper, the ion 
implantation for Si IC was studied using TCAD. 
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Ion Implantation 
Ion implantation is an essential technique used to 

form pn junction in semiconductor. In an ion 
implantation, each ionized element is collided at a 
high acceleration voltage, causing each element to 
move physically. The group 3 element that is used in 
ion implantation into silicon substrates is boron (B), 
the group 5 element is arsenic (As) or phosphorus (P). 
With a group 3 element, silicon becomes p type, while 
with a group 5 element, it becomes an n type. 

The projection distance (Rp) of the projected range 
(R) until implantation of ions eventually stops has a 
distribution of individual ions and so is discussed by 
taking the mean value (Rp

_____

). If the total injection 
amount is Q, distribution in the depth direction of the 
implanted ions can be approximated by Gaussian 
distribution as shown in Fig. 1. ∆Rp is the standard 
deviation. 
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Fig.1. Approximation by Gaussian distribution of ion  

Simulation Result of Ion Implantation 

 
Fig.2. a) implantation of Boron ion and (b) graph of boron 

concentration 

 

Figure 2 shows the simulation results obtained by 
ion-implanting of boron ion as an impurity in a silicon 
substrate. In Fig. 2 (a), it can be seen that the boron 
ion is implanted into the silicon substrate. In addition, 
it can be seen in Fig. 2 (b) that the concentration 
distribution is close to a Gaussian distribution. 

 
Fig.3. Relations of wafer and the tilt angle 

Fig. 3 shows relations of wafer and tilt angle θ.  
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(c)70° 

Fig.4. Impurities distribution  after the ion implantation 

Using TCAD, it is possible to visually check 
impurity distribution in Si (Fig. 4). 

 
Fig.5. The distribution of the impurities of B for Si at 

tilting angles of 0 to 60 degree.(Simulation result) 

The distribution of the impurities of B for Si at 
tilting angles of 0 to 60 was shown in Fig. 5. The 
distribution of impurity is shallow at tilting angle of 
60 degree. The position of peak at distribution of 
impurity was deepen with decreasing the tilting angle. 
Two peaks in distribution of impurity for Si was 
observed at tilting angle of 0 degree. The phenomenon 
of two peaks was caused with the channeling of 
impurity ion for Si at 0 degrees. 

The impurity concentration as a function of the 
depth at annealing temperature of 500 to 850 degree C 
was shown in Fig. 6.  The temperature dependence of 
the anneal process in the range of 500 - 850 degrees C 
was observed. 

The spread of distribution of impurity was started 
at annealing temperature of 700 degree C.  And the 
spread of distribution of impurity was increased with 
the increase of annealing temperature.  In order to 

study this phenomenon in detail, Spread of the 
distribution of the impurity for Si at the concentration 
of 1.0 x 1016 as a function of the annealing 
temperature was shown in Fig. 7. 

 

 
Fig.6 Impurity concentration as a function of the depth 

at annealing temperature of 500 to 850 degree 
C.(Simulation results) 

 
Fig.7.  Spread of the distribution of the impurity for Si 

at the concentration of 1.0 x 10 16 as a function of the 
annealing temperature. 

The spread of distribution of impurity for Si at the 
concentration of 1.0 x 10 16 was also constant till 700 
degree C.  When it exceeds 700 degree C, the spread 
of the distribution was increased with the annealing 
temperature till 800 degree C. And the spread of the 
distribution of impurity was decreased over 800 
degree C. It is for further study the meaning of the 
peak of the distribution at 800 ℃. 

Conclusions 
Miniaturization of integrated circuits of 

semiconductor devices has progressed rapidly in order 
to realize high-speed and high-integration and high-
performance devices. To shorten the development 
time of IC, efficient development of process and a 
decrease in the number of trial productions are 
essential, and the orientation of a development policy 
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that reduces the number of trial productions by using 
TCAD (Technology Computer Aided Design) 
simulations are expected Our goal is to construct an 
education system that teaches students not only power 
device manufacturing processes but also device 
structures and their electrical characteristics. We 
reported on a case study using the Sentaurus TCAD 
package from Synopsys, Inc. for education on power 
electronics with an emphasis on the semiconductor 
processes of power devices.  For power device of SiC 
and GaN, an ion implantation technology using hot 
ion implantation is complex compared with other 
processes. First of all, in this paper, the ion 
implantation for Si IC was studied using TCAD in 
detail. It shows the results obtained in this paper as 
follows. 

1) The distribution of the impurities of B for Si at 
tilting angles of 0 to 60 was simulated by using 
TCAD. The position of peak at distribution of 
impurity was deepen with decreasing the 
tilting angle; 

2) The phenomena of the channeling in ion 
implantation of B for Si was observed by using 
TCAD simulation; 

3) The spread of distribution of impurity was 
observed by annealing at the temperature over  
700 degree C. 

In the future, the simulation of ion implantation 
sophisticated using above mentioned. We are able to 
save costs and learning time by using TCAD because 
there was no need to actually produce prototype 
devices and measurement circuits. In addition, we 
were able to build an education system that could 
successfully deepen students’ understanding of the 
semiconductor manufacturing process as well as the 
structures and electrical characteristics of Si integrated 
circuits by performing simulations under various 
conditions. Our goal will be to build an education 
system aimed at high school students and college 
students and to introduce it into the education system. 
In addition, we want to help nurture technology 
developers who can handle TCAD and who have 
mastered the overall picture of power devices by 
building more specific and practical education 
systems. 
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