
Modeling of Floating-Body Effect in SOI-MOSFET 
with Complete Surface-Potential Description 

 
Takahiro Murakami, Makoto Ando, Norio Sadachika, and Mitiko Miura-Mattausch 

 
HiSIM Research Center, Hiroshima University,  

1-3-1 Kagamiyama, Higashi-Hiroshima, Hiroshima, Japan 
Phone: +81-82-424-7659 E-mail: muraka3@hiroshima-u.ac.jp 

 
1. Introduction 

Silicon-on-insulator (SOI) MOSFETs are considered to 
be suitable for high performance circuits due to its im-
proved subthreshold slope and reduced junction capacit-
ance [1]. However, compact models for SOI-MOSFETs are 
still under development for advanced applications. The 
main reason is a lack of the floating-body-effect model 
providing accurate at the same time stable circuit simula-
tion. We have developed the circuit simulation model Hi-
SIM-SOI based on the complete surface-potential descrip-
tion, solving not only the surface potential at the front-gate 
oxide (FOX) but also two surfaces at both sides of the bu-
ried oxide (BOX) isolation [2]. The model is extended to 
include the floating-body effect, which is done by consi-
dering stored charge at the source side in the Poisson equa-
tion after its origin. 
 
2. Floating-Body Effect 

If the impact ionization occurs, the drain current Id of 
SOI-MOSFETs unusually increases much steeper as a 
function of the drain voltage Vd than that of 
bulk-MOSFETs. The enhanced Id increase called the kink 
effect reaches easily up to 50% as shown in Fig. 1a. The 
problem caused by the impact ionization is demonstrated in 
Fig. 1b as an example for a ringoscillator, where the ampli-
tude reduces down to about 1/3. Usually the kink effect is 
modeled by considering a parasitic bipolar junction tran-
sistor due to the impact ionization [3]. However, the real 
reason of the current increase is the potential increase at the 
source side by stored holes as schematically shown in Fig. 
2. Thus accurate modeling of the phenomenon can be done 
only by the surface-potential-based approach considering 
the potential distribution along the channel. 
 
 

3. Modeling with Surface Potentials 
As shown in Fig. 3, SOI-MOSFETs include three sur-

face-potentials; φs.SOI at the front surface, φb.SOI at the back 
side of the SOI layer, and φbulk at the bulk surface. These 
surface potentials are strongly dependent on applied vol-
tages. Therefore we solve the Poisson equation iteratively 
to calculate surface-potential values accurately. It has been 
investigated that the fully depleted (FD) SOI-MOSFET 
provides more stable I-V characteristics and more suitable 
for high performance applications than the partially dep-
leted (PD) SOI-MOSFET [4]. Hence we focus on the FD 
SOI-MOSFET here. 

Basic equations of the SOI-MOSFET for describing de-
vice features at given gate voltage (Vg) are 

derived from the Poisson equation together with the Gauss 
law. Vfb and ΔVth are the flat-band voltage and the thre-
shold voltage (Vth) shift from a long-channel transistor, 
respectively. CBOX and CFOX are capacitances of BOX 
and FOX, respectively, and Qbulk and QSOI are charges in 
the bulk layer and the SOI layer, respectively. Finally, 
Qdep is the depletion charge and Qi is the inversion 

Fig. 1 (a) Simulated kink currents of SOI-MOSFET as a func-
tion of Vd in comparison to a bulk-MOSFET. (b) Transient
analysis of a ringoscillator with the impact ionization (II) and
without. 

(b) (a)

Fig. 2. Schematic of the stored hole Qh generated by the im-
pact ionization. 
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Fig. 3. (a) Schematic band diagram of the SOI-MOSFET, and 
its (b) calculated potential distributions along the depth direc-
tion. 
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charge. For FD SOI-MOSFET Qdep is expected to be a 
constant value. 
 
4. Modeling of Floating-Body Effect 

The impact ionization generates electron-hole pairs, and 
these electrons flow to the drain and holes to the bottom of 
the SOI layer at the source side. The holes cannot flow into 
the source and are stored as depicted in Fig. 2. Simulation 
results of the potential distribution with a 2D-numerical 
device simulator are shown in Fig. 4a and its magnified 
scale in Fig. 4b. An important effect observed is that the 
potential value at the back side of the SOI layer φb.SOI in-
creases drastically as the strength of the impact ionization 
increases, namely increase of the drain voltage Vd. 

The stored hole Qh is included in the Poisson equation 
as 
 
 

For solving the Poisson equation Qh has to be known. It is 
done with use of the hole current induced by the impact 
ionization. Thus Qh is obtained by integrating the impact 
ionization current Ih with respect to the time as 
 
 
where β represents the decay of the charge storage as a 
function of time t. The reason is that the increase of the 
stored charge results in the hole flowing out to the source. 
Here Ih is equal to the substrate current Isub of the 
SOI-MOSFET with the body contact or the 
bulk-MOSFETs. It has been reported that the time required 
until Qh reaches its saturation condition (tsat in Fig. 5a) is an 
order of nano second or less [4]. Therefore we ignore the 
time, and Qh is modeled with the Isub observed under the 
DC condition. Fig. 5b shows calculated Qh as a function of 
Isub with a 2D-device simulation. The calculation of Qh is 
done by integrating stored holes in the SOI layer. From the 
calculated Qh-Isub characteristics, Qh is approximated by a 
power function of Isub. The Poisson equation including Qh is 
solved by the Newton iteration. 

5. Results and Discussion 
Calculated surface potential values with the extended 

HiSIM-SOI are depicted gather in Fig. 4 by symbols. The 

result is shown for Vd=1.0V and 1.5V. The former voltage 
(Vd=1.0V) is a little bit smaller than the threshold voltage of 
the impact ionization, and Vd=1.5V is above the threshold. 
It is seen that HiSIM-SOI reproduces 2D-device simulation 
results very well. Calculated result shows drastic potential 
increase of the back side of the SOI layer for Vd=1.5V. 
Whereas Vd=1.0V induces no such effect. For the case of 
Vd=1.5V, the potential distribution along the depth direction 
is no more steep as the Vd=1.0V case. This shallow poten-
tial distribution induces the quasi PD condition. Under the 
condition, Qdep is no more constant but is bias dependent. 
This effect is also included in HiSIM-SOI. 

Fig. 6, shows a calculated Id characteristics as a func-
tion of Vd in comparison to 2D-device simulation results. A 
good agreement is obtained. The reason for this high accu-
racy of HiSIM-SOI is the consistency of the floating-body 
effect modeling based only on the impact ionization. 
  

 
 
 
 
 
 
 
 
 

Fig. 6. Comparison of calculated Id-Vd characteristics with Hi-
SIM-SOI (lines) and a 2D-device simulator (symbols). 

 
6. Conclusion 

We have developed a compact model for the float-
ing-body effect by introducing the stored charge in the 
Poisson equation. The model has been proved to calculate 
the potential increase at the back side of the SOI layer cor-
rectly. Calculated drain current reproduces observed steep 
increase as a function of Vd accurately. 
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Fig. 4. Calculation results of the potential distribution, (a) the 
whole SOI-MOSFET vertical to the surface, and (b) with a
magnified scale for the rectangular region marked by dash line
in (a). Lines are 2D-device simulation results and symbols are
HiSIM-SOI results. 
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Fig. 5 (a) Schematic of the transient characteristic of Qh. tsat
determines the saturation time which is an order of nsec or 
less. (b) Calculated saturated Qh( t > tsat) as a function of the 
substrate current with a 2D-device simulator. 
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