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Abstract - As scaling down the DRAM cell size, the conventional MOSFET degrade device performance in terms of short 
channel effects. A solution for these issues is the Silicon-on-Insulator (SOI) MOSFET. However, it suffers from low threshold 
voltage, back gate interface issue, floating body effect such as kink effect, and high price, even though it shows low power 
consumption, self-limited shallow junction, improved Drain Induced Barrier Lowering (DIBL). To overcome the problem, a 
new device partial SOI type isolation MOSFET has been introduced [1]. The structure of this device is obtained by penetrating 
the insulator below the N type doped region near the drain region. And the lateral encroachment length of the buried insulator 
is controlled by isotropic etch time. This device can effectively improve short channel effects while improving the 
disadvantages of the conventional MOSFET and the SOI MOSFET. In the paper, the partial SOI type isolation MOSFET 
having 100nm node of gate channel length is investigated using Sentaurus TCAD 2-D device simulator [2]. And This study 
was conducted to investigate the performance of partial SOI type isolation MOSFETs according to the dielectric constant. The 
results show that the low-k dielectric of the buried insulator increases the threshold voltage and improves the DIBL 
characteristic due to decrease in the depletion region width near the drain region. Also, it is confirmed that the kink effect 
disappears unlike the SOI MOSFET due to the difference in structure. 
 
Index Terms - Drain Induced Barrier Lowering (DIBL), Silicon-On -Insulator (SOI), Short Channel Effect (SCE) 

 
I. INTRODUCTION 
 
As the design rule of the DRAM cell decreases, it 
becomes very difficult to obtain sufficient data 
retention time. One of the main reasons is the decrease 
of Vth by Drain Induced Barrier Lowing(DIBL) and 
the increase of off-current by gate induced drain 
leakage (GIDL). To solve these problems, SOI 
MOSFET through the SOI process has appeared. In 
general, SOI MOSFET is known to have short channel 
effect smaller than that of a bulk MOSFET [3],[4]. 
Due to the structural characteristics of the SOI 
MOSFET, it has high integration and low parasitic 
capacitance due to isolation by an insulator [5]. But, 
despite the advantages such as low power 
consumption, self-limited shallow junction, and lower 
subthreshold slope(SS), SOI structures still suffer 
from low Vth, back gate interface problem, floating 
body effect and high price [6],[7]. A partial SOI type 
isolation MOSFET has been proposed to overcome 
this disadvantage of SOI MOSFET. It can be 
fabricated without using SOI process because the 
insulator is penetrated to a certain depth under the 
drain region of the MOSFET. Therefore, since the 
channel region is not fully depleted, the kink effect by 
the floating body effect, which is one of the biggest 
weaknesses of the SOI MOSFET, is structurally 
completely blocked. In addition, the short channel 
effect can be improved through the penetration effect 
of the insulator without decreasing the Vth in the low 
drain voltage state [8]. In this paper, we fabricated a 
partial SOI type isolation MOSFET with a gate 
channel length of 0.1 um using Sentaurus TCAD 2-D 

device simulator and analyzed the electrical 
characteristics according to the dielectric constant of 
the buried insulator. It is found that the width of the 
depletion region between the drain and channel 
changes due to the penetration of the buried insulator. 
We also confirmed on-current, DIBL, and Vth 
characteristics as the dielectric constant of the buried 
insulator. 
 
II. DEVICE STRUCTURE 
 
To study the buried insulator effect on the partial SOI 
type isolation MOSFET, a schematic cross-sectional 
view of the partial SOI type isolation MOSFET is 
simulated using Sentaurus TCAD 2-D device 
simulator. As shown the fig 1, The peak doping 
concentration of S/D region is kept at 1.210-19cm-3 
and Peak channel doping concentration is kept 
910-17cm-3. The analyzed partial SOI type isolation 
MOSFET has a gate channel length of 100nm and the 
gate channel length for Fig 1 is only 200nm. The gate 
oxide thickness, The S/D junction depth, and buried 
insulator thickness are 6nm, 110nm, 210nm 
respectively. We assumed metal gate workfunction of 
4.17eV in the paper. The planar MOSFET and the SOI 
MOSFET in this paper is benchmarked with the same 
parameters using Sentaurus TCAD 2-D device 
simulator. The buried insulators of different dielectric 
constant were used, including SiO2(k=3.9), 
Si3N4(k=7.5), HfO2(k=25) to investigate the change of 
depletion region width near the drain region on the 
partial SOI type isolation MOSFET. For the reliable 
simulation, the mobility model based on the 
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drift-diffusion model and mobility saturation model in 
the high electric field are considered. These models 
were applied to the sdevice provided by the Sentaurus 
TCAD 2-D device simulator. 

 

 
Fig 1. Ids-Vds characteristic for SOI MOSFET and partial SOI 
type isolation MOSFET at Vgs=1.2V. The silicon film thickness 

of SOI MOSFET and partial SOI type is 30nm respectively. 

 
Fig 2. Illustration of simulated structure of partial SOI type 

isolation MOSFET 

 
III. SIMULATION RESULTS AND 
DISCUSSION 
 
First, Partial SOI type isolation MOSFETs do not have 
a kink effect, which is one of the disadvantages of SOI 
MOSFETs, because the channel is not fully depleted. 
As shown in Figure 2, the SOI MOSFET generates the 
kink effect near Vds=4V while the partial SOI type 
isolation MOSFET remains saturated current [9]. Fig. 
3 (a) and (b) respectively shows the Vth and DIBL of 
the partial SOI type-isolation MOSFETs.  It is shown 
that the threshold voltage of the partial SOI type 
isolation MOSFET having buried insulator material of 
SiO2(k=3.9) is the highest, while the threshold voltage 
of the SOI MOSFET is the lowest. The DIBL 
characteristics were excellent for the partial SOI type 
isolation MOSFET having buried insulator material of 
SiO2(k=3.9). The DIBL is estimated based on the 

conventional equation, (Vth,lin-Vth,sat) / (Vd,sat-Vd,lin), 
where the constant current(~10-7A/um) method is used 
for Vth, lin and Vth,sat. In order to understand the 
physical details of Vth and DIBL improvement in the 
partial SOI type isolation MOSFET, device 
simulations have performed using Sentaurus tool as 
shown Fig. 4. The improvement of DIBL depends on 
the magnitude of the electric field penetrated to the 
source. As shown in Fig. 4 (a), when a high voltage is 
applied to the drain, the planar MOSFET forms a wide 
depletion region between the drain and the substrate. 
This means that the electric field at the drain is well 
transferred to the source. However, Fig. 4 (b) shows 
significantly smaller depletion region width than the 
planar MOSFET due to the large electric field near the 
drain region by the buried insulator having low 
dielectric constant. Namely, this means that a small 
electric field penetrates the source junction. Fig. 4 (c) 
shows the depletion layer width of a partial SOI type 
isolation MOSFET with k = 25. A partial SOI type 
isolation MOSFET with a large permittivity has a wide 
depletion layer width between the drain and the 
substrate. 

 
(a) 

 
(b) 

Fig 3. (a), (b) Simulation result for threshold voltage and DIBL 
for planar MOSFET, SOI MOSFET and partial SOI type 

isolation MOSFETs having silicon film thickness of 15nm. The 
buried insulators having different dielectric constant were used, 

including SiO2(k=3.9), Si3N4(k=7.5), HfO2(k=25). Vd,sat is 
1.6[V] and Vd,lin is 0.1[V] 

Figure 5 shows the Ids-Vgs characteristic for 
Vds=1.6[V]. Since the buried insulator partially 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-10, Oct.-2018, http://iraj.in 

2-Dimensional Analysis of the Partial SOI Type Isolation MOSFET with Different Buried Insulator Dielectric 
 

82 

removes the drain doped region, the transconductance 
of the partial SOI type isolation MOSFET is slightly 
reduced. However, since the source region which is 
the source of most electrons, is maintained, the 
transconductance is not significantly reduced 
compared to planar MOSFETs. 
Also, Fig. 6 shows the drain current as a function of 
drain voltage for the different buried insulator 
materials. Since the partial SOI type isolation 
MOSFET has a small depletion region width near the 
drain region, the phenomenon of channel length 
modulation is minimized. Therefore, a saturation 
current slope with the gentle slope appears in the 
structure having SiO2(k=3.9) as the buried insulator. 
And Fig. 7 shows DIBL characteristics according to 
gate channel length. As the gate channel length 
becomes shorter, the DIBL of the planar MOSFET 
deteriorates sharply. On the other hand, the partial SOI 
type isolation MOSFET having buried insulator of a 
low dielectric constant has a gentle slope due to small 
depletion region width near drain region. 

 

 

 
Fig 4. Two-dimensional cross-sectional view of planar MOSFET 

and partial SOI type isolation MOSFETs having different 
dielectric constant and its doping profile. The white lines of the 
view are Depletion region. There are the arrows for depletion 

region with near drain region in (a) planar MOSFET, (b) 
SiO2(k=3.9) and (c) HfO2(k=25). The silicon film Thickness of 
the devices is 15nm respectively. Vgs is 0[V], and Vds is 1.6[V] 

 

 
Fig 5. Ids-Vgs characteristic for planar MOSFET and partial 
SOI type isolation MOSFETs. Vds is 1.6[V]. The silicon film 

thickness of partial SOI type isolation MOSFET is 15nm 
respectively. 

 

 
Fig 6. Id-Vds characteristic for planar MOSFET and partial 
SOI type isolation MOSFETs. The silicon film thickness of 
partial SOI type isolation MOSFET is 15nm respectively. 

 

 
Fig 7. DIBL characteristic according to the gate channel length 
for planar MOSFET and partial SOI type isolation MOSFETs 

 
 
CONCLUSION 
 
From the simulation analysis of a partial SOI type 
isolation MOSFET, we found that the depletion region 
width decrease near the drain region. It is an important 
part of improving DIBL and Vth characteristics. We 
have analyzed the characteristics of the device by 
using various dielectric constants of the buried 
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insulator and confirmed that it will play an important 
role in improving the characteristics of the DRAM 
cell. 
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