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Abstract—Universal SPICE model for submicron SOI/SOS 
MOSFETs based on BSIMSOI and EKV-SOI platforms with 
account for total ionizing dose-induced effects (TID), pulsed 
radiation effects, single events is presented. A special subcircuit 
consisting of parasitic transistors for sidewall and backgate 
leakage currents and other elements is connected to the standard 
SPICE model. In addition, the radiation-dependent parameters 
are described by physically based mathematical equations. Model 
parameter extraction methodology is described. Examples of rad-
hard SOI/SOS CMOS circuits simulation are presented. 
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I.  INTRODUCTION 
SOI CMOS technology is a perspective platform for 

radiation-hardened ICs fabrication for various special 
applications: aerospace, energetic, nuclear and biomedicine 
research, military and other special electronics.  

Simulation of radiation effects in ICs is generally 
performed using SPICE-based simulators. Unfortunately, 
standard compact MOSFET models implemented into 
commercial versions of SPICE simulators do not take into 
account radiation effects. Therefore, accurate and 
computationally efficient compact SOI/SOS MOSFET models 
taking into account radiation-induced total dose (TID), single 
events (SEE), and transient dose-rate effects (TRE) are 
necessary. 

Over the last years, several works taking into account 
radiation effects in compact SOI MOSFET models were 
published. In [1] compact model TDESim for submicron SOI 
MOSFETs was proposed to account for radiation-induced 
sidewall static leakage currents in “bird’s beak” LOCOS 
corners. Paper [2] introduced a SOI MOSFET compact model 
with account for single events and total dose effects 
on threshold voltage and mobility. The model does not account 
for buried oxide radiation-induced effects and the 
corresponding leakage currents. Paper [3] presented a SOI 
n-MOSFET macromodel with simple polynomial-based 
account for threshold voltage, mobility, and sidewall leakage 
currents with varying body contact voltage. 

However, in most publications, the parameter extraction 

procedure was not described sufficiently and calibration of 
electrical characteristics was not carried out completely. For 
these reasons, their application to design of RH ICs is limited. 

In this work, a universal SPICE model based on BSIMSOI 
or EKV-SOI platform for submicron SOI/SOS MOSFETs with 
account for total ionizing dose induced effects (TID), pulsed 
radiation effects, single events is presented. Additional circuit 
elements and mathematical equations for radiation-dependent 
parameters are included in standard SPICE model to provide 
the sufficient accuracy in a wide range of electrical regimes 
and radiation conditions. The proposed model is supported by 
automated parameter extraction procedure. In comparison with 
the existing models, it provides engineers and designers with 
greater capabilities for radiation-hardened SOI/SOS CMOS 
circuit design. 

II. THE MODEL DESCRIPTION 

A. Equivalent Circuit 
The presented universal compact SPICE model for 

submicron SOI/SOS MOSFETs with account for total ionizing 
dose induced effects (TID), pulsed radiation effects, single 
events is essentially a macromodel (Fig. 1). In its core lie two 
models that present the main transistor Mfront (front Si–SiO2 
interface) (see Fig. 1,a): the standard BSIMSOI or EKV-SOI 
specially developed for SOI substrate [10], [11]. The type 
of model is selected by a designer based on circuit 
particularities. In order to account for radiation effects, the core 
model is complemented with an additional subcircuit (Fig. 1,b). 
This subcircuit consists of parasitic transistors Mbotm and Mside 
for the backgate and sidewall leakage currents in SOI 
MOSFET structure; current sources IPSI, IPDI that represent the 
currents induced by pulsed irradiation; current source ISEU that 
represents the current induced by ion strike. For the case of 
SOS MOSFET, instead of parasitic transistor Mbotm leakage 
current source Ilsaph and resistor Rsaph are used. 

Model parameters standing for threshold voltage, mobility, 
and subthreshold slope of the main Mfront and parasitic 
transistors Mside and Mbotm are radiation-dependent and are 
described with mathematical equations. 

For today, BSIMSOI MOSFET model is widely used 
in practical works for SOI/SOS CMOS circuit design. This 
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model is popular but it is complex for practical applications, 
has a lot of parameters and is time-consuming.  

In comparison with the BSIMSOI model, EKV-SOI is 
described by a fewer number of parameters to be extracted 
from measurement (see Table I) and spends less CPU time for 
SOI/SOS CMOS circuits simulations.  

TABLE I.        QUANTITY OF MACROMODEL PARAMETERS 
Parameters group BSIMSOI- 

RAD 
EKV- 
RAD 

1. Core model parameters  
 (without account for radiation effects) 

180 27 

2. Additional parameters:  
 x for binning 
 x for floating-body effects 
 x for parasitic components 

 
264 
— 
32 

 
— 
8 
32 

3. Radiation-dependent parameters: 
 x for the core model 
 x for parasitic components models 
 x factors for radiation-dependent parameters 

 
10 
8 
36 

 
4 
8 
24 

 
Fig. 1. Equivalent circuits of the BSIMSOI-RAD and EKV-RAD 
macromodels for SOI/SOS MOSFET: a—core front MOSFET Mfront with 
radiation dependent  parameters; b—subcircuit accounting for radiation-
induced static and dynamic leakage currents 

B. EKV-SOI Model 
The equivalent circuit of the EKV-SOI macromodel taking 

into account floating-body effects is presented in Fig. 2. 

 
Fig. 2. Equivalent circuit of the EKV-SOI macromodel: a—core front 
MOSFET Mfront with radiation dependent parameters; b—subcircuit 
accounting for floating body effects 

The subcircuit R1—D1—E1 is introduced to account for 
this effect (Fig. 2,b). It creates the additional current IDB from 
drain to body under the combined action of the drain and gate 
biases. D1 and R1 elements control the magnitude and 
steepness of the current rise; voltage source E1 controls the 
kink pinch-off voltage that is dependent on the gate bias: 

 � � � �2
1 1 2 3E GS dd GS GSV V V p p V p V � � � � � , (1) 

where factors p1, p2, p3 are fitting coefficients (see Fig. 3). 

C. Total-dose effects:  
The threshold voltage VTH, mobility µ, subthreshold slope S 

for the main transistor Mfront and parasitic transistors Mbotm and 
Mside are dependent on total dose D. 

If model BSIMSOI is used as the core model, the threshold 
voltage is described by set of parameters VTH0, K1, K2 etc., 
mobility is described by U0, UA, UB etc., subthreshold slope is 
described by CIT and VOFF. 

If EKV-SOI is used, VTH, µ, S are described by the set of 
parameters: VTO, GAMMA, KP, and E0.  

All of the mentioned above parameters are dependent on 
total dose D and are expressed in the form a1·(1 – exp[–a2·D]), 
where a1, a2 are fitting factors, or in the form of a polynomial. 

D. Single events 
Single events are accounted with the ISEU current source 

(see Fig. 1,b) that can be described by the classical two-
exponential function (Fig. 4,a) or a separate subcircuit (Fig. 
4,b) that accounts for deposition of charge, recombination and 
drift of charge during collection and bipolar amplification 
[13]. 

E. Transient ionizing radiation effects 
These effects are simulated by the traditional manner, using 

current sources IPDI, IPSI (see Fig. 1,b). Given that the analyzed 
MOFETs are situated on the insulating substrate and have thin 
active layer, transient photocurrents include only the prompt 
components and are described by the well-known equation: 

 0 ( )PDI col DSI qg P VJ � , (2) 
where g0 is the generation rate in silicon = 4·1013 (electron-hole 
pairs rad-1cm-3); γ  is the dose rate (rad(Si)/s); Pcol(VDS) is the 
effective collection volume (cm3) that is drain voltage VDS 
dependent. 

To account for parasitic bipolar transistor amplification, the 
current source is connected to transistor active area node. 

III. MODEL PARAMETER EXTRACTION 
Macromodel parameter extraction procedure with account 

for total dose effects is accomplished within the industry 
standard IC-CAP software suite with the help of a modified 
workflow [7], [8], [9]. Irradiated MOSFETs electrical 
characteristics data may come from real test structures 
measurements, or from device simulation with TCAD [10]. 
Composition of the model parameters extraction procedure 

EUROSOI-ULIS 2015

978-1-4799-6910-4/15/$31.00 ©2015 IEEE 306



   (a)    (b) 

Fig. 3. Assessment of factors for VE1(VGS) dependency: experimental data [12] (a), 
fitting (b) 

Fig. 4. SPICE-modeling of SEU in SOI MOSFET: a) simple model 
with double-exponential current source (a), improved model [13] 
with subcircuit connected to MOSFET (b) 

based on test structures measurement with account for steady-
state radiation is as follows:  

1) The full set of model parameters is extracted for 
unirradiated devices. 

2) Only radiation-dependent parameters are extracted for 
the parasitic transistors, then the core model, for a given set 
of radiation doses. 

3) Experimental dependencies of model parameters on dose 
are approximated to a known physical function (see Fig. 6). 

In order to separate leakage currents flowing through Mbotm 
and Mside, special radiation-hard test transistor structures (H- or 
O- or R-type) are used. 

Comparison of irradiated test SOI MOSFETs’ I-V curves 
that were measured and simulated with the BSIMSOI-RAD 

macromodel is presented in Fig. 5. The gate size is W / L = 8 / 
0.25 μm. Maximum simulation error is 5–7 % in the entire 
voltage and dose range. Degradation of several core front 
MOSFET model parameters with dose is depicted in Fig. 6. 

IV. EXAMPLES OF CIRCUIT DESIGN 
The model was implemented in circuit simulators HSpice, 

Spectre, Eldo and others and extensively applied to simulation 
of radiation-hard digital, analog, and mixed-signal integrated 
SOI/SOS CMOS circuits. For example, in Fig. 7 timing 
diagrams for a 6T memory cell are presented for ion strikes 
with different LETs. In Fig. 8 frequency and transient 
responses for a rail-to-rail operational amplifier 
(35 MOSFETs) depending on total dose are presented. 
Modeling error is 10–15% for static and 15–20% for dynamic 
characteristics. 

 
Fig. 5 Simulated (lines) and measured (circles) SOI MOSFET transfer I-V-curves (W / L = 8 / 0.25 μm) 
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       (a) 

 
     (b) 

 
         (c) 

Fig. 6. Degradation of VTH0 (a), U0 (b), VOFF (c) parameters with dose for the core front MOSFET (Mfront in Fig. 2,a) 

     
       (a)             (b) no fail    (c) fail   

Fig. 7. SEU in a 6T memory cell (a): operation succeeded (b), operation failed (c) 

  
        (a)            (b) 

Fig. 8. OA Av frequency (a) and Vout transient (b) responses 
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