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SPICE MODELS OF MOS FETS ON INSULATING SUBSTRATE
WITH ACCOUNT FOR THERMAL EFFECTS

As it is known the reduction of semiconductor chip transistors sizes an
chip layers results to essential power density and chip element temperature
growth. High temperature of transistor active region results to essential
reduction of element reliability and current leakage growth. The silicon-on
insulator: Si dioxide( SOI) , and sapphire (SOS) technologies are used in
modern microelectronics because it improves the electric isolation in highly
integrated environment, reduces leakage currents (see Fig. 1). However, dioxide
layer has poor thermal conductance (0.2-1.4 W/(M-K) for SiO, in comparison
with 70-148 W/(m-K) for Si substrate [1,1258; 2,72]. The thinner Si layer the
higher thermal resistance from transistor to ambient and higher transistor
temperature (See Fig. 2). The chip is packaged into case which is mounted on
mainboard (see Fig. 3). So the transistor level thermal management becomes
critically important for CMOS SOI circuit simulation with SPICE like programs
[3,320; 4,332].

The goal of this paper is to describe the unified SPICE model for MOS
FET on insulating substrate with account for the seltheating effects. transistors
interaction and thermal properties of chip construction and mounting.

The requirements for SOI/SOS MOS FET models to account for thermal
effects in circuit simulation with SPICE are the following:

1) MOS FET model parameters have to be temperature dependent;

2) Physical cooling conditions for chip have to be taken into account .

The first requirement is simple and can be satisfied easily because
temperature dependencies of parameters are introduced into all modern models
of MOS FETs.

The second one is more difficult to satisfy. To account for thermal
properties of multilayer construction of chip package (Fig. 3) and physical
cooling conditions in SPICE model the special electro-thermal network is
necessary [1,1259; 3,321]: electrical part for MOS FET characteristics
description with account for local transistor temperature and thermal part to
account for complex thermal impedance from transistor active region (Tint) to
ambient (Text) including other transistors, chip, case, heat sink thermal
properties.

The following SPICE models for SOI/SOS MOSFET are widely used:
MOS3, BSIM3, BSIM4, BSIMSOI (different versions), PSP. Among them only
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BSIMSOI model has simplified thermal network: one thermal resistance and one
capacitance from transistor active area to ambient temperature.

We proposed the unified SPICE macromodel for MOS FET on
insulating substrate with account for thermal effects (Fig. 4). The MOS FET
model (Fig. 4, left part) parameters depend on transistor internal temperature
(Tint) which is calculated using thermal network (Fig.4, right part). Any model
of MOS FET can be used. Thermal network parameters depend on chip package
construction [3, 329] and cooling conditions.

Fig. 5 presents SPICE simulation results for SOI p-channel MOSFET
with L/W=0.35/2 mkm, dioxide thickness and Si layers both of 190 nm. The
results are in good agreement with TCAD simulation results and literature data.

This work was implemented in the framework of Russian Foundation for
Basic Research (grant Ne 14-29-09145).
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