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ABSTRACT 

The effect of a Si separator layer in the bottom 
dielectric isolation (BDI) process for forksheet field 
effect transistors (FSFETs) has been numerically 
investigated by an in-house topology simulator based 
on the 3D multi-level-set method. From the simulation 
result, it is clearly seen that the geometric profile of 
Si0.8Ge0.2 sacrificial layer can be improved by adding 
the Si separator layer.  

INTRODUCTION 

The FSFET has emerged as a next generation device 
architecture with its N/P space scaling potential [1], [2]. 
The reduced N/P space in the FSFET can cause 
difficulty in an opposite polarity doping for the 
junction-based substrate isolation, and the challenging 
process can be eliminated by introducing the BDI [2]. 
However, the Si0.8Ge0.2 sacrificial layer may be 
damaged in the BDI process, causing problems in the 
gate contact formation process. Therefore, it is essential 
to examine the geometric profile of the device after the 
BDI process. The multi-level-set method can accurately 
represent and evaluate the boundary evolution of the 
multiple materials [3]. Hence, it is suitable to 
investigate the geometric profile of the FSFET after the 
BDI process.  

In this work, we numerically simulate the BDI 
process of the FSFET with an in-house topology 
simulator based on the multi-level-set method and the 
effect of the thin Si separator is investigated with the 
simulation results. 

MULTI-LEVEL-SET METHOD IMPLEMENTATION 

In the multi-level-set method, several materials are 
represented by the multiple level-set function. In the 
method, the upper level-set contains the lower level-set
and the topology change over time is calculated based 
on the top level-set function [3]. The surface velocity of 
top level-set is determined as the surface velocity of the 
exposed material, as shown in Fig. 1. Since the 
boundary of the material is extracted unsuitably for the 
device representation with the corresponding level-set 
function alone, the boundary extraction is performed by 
considering not only the corresponding layer level-set 
but also the lower layer level-set for the proper 

boundary extraction, as shown in Fig. 2 (a). And, since 
time evolution scheme of the multi-level-set method 
may generate the unphysical thin layer, the thin layer 
correction scheme is employed for accurate boundary 
representation, as shown in Fig. 2 (b).  

SIMULATION RESULT 

The BDI process is simulated with the relevant 
process flow reported in [2]. The flow of the BDI 
process is shown in Fig. 3 and Fig. 4. The simulation 
has been conducted for the processes without the Si 
separator and with the Si separator, which are shown in 
Fig. 3 and Fig. 4, respectively. In the case without the 
Si separator, the Si0.8Ge0.2 sacrificial layer is etched 
with a sloped profile during the Si0.5Ge0.5 release 
process due to its low selectivity (7:1), which could 
cause difficulty in the gate contact formation process. It 
can be addressed by introducing a Si separator 
protecting the Si0.8Ge0.2 layer during the release process 
[2]. The case with the Si separator is represented in Fig. 
4. In the process, it is seen that the Si0.8Ge0.2 layer 
exhibits a flat profile owing to the Si separator layer 
that has a high selectivity to Si0.5Ge0.5. 

CONCLUSION 

In conclusion, the BDI process of the FSFET has 
been simulated by using our in-house topology simula-
tor based on the multi-level-set method. In the simula-
tion, the effect of Si separator was successfully investi-
gated and the results suggest that this method could be 
useful in the design of 3D logic device processes. 
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Fig. 1. Schematic of the multi-level-set method. It is shown 
in which surface velocity is used in the time evolution based 
on the top layer level-set. 

Fig. 2. (a) Closed boundary extraction based on the multiple 
level-set functions. (b) Correction of a unphysical thin 
layer. 
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Fig. 3. (a)-(g) The BDI process simulation about the device without the Si separator. The process simulation was conducted 
by following the represented process flow. (h) Cross section of the simulated device structure. 
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Fig. 4. (a)-(g) BDI process simulation about the device with the Si separator.  The process simulation was conducted by 
following the represented process flow. (h) Cross section of the simulated device structure. 

International Workshop on Computational Nanotechnology

Barcelona, June 12-16 2023 45


