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Abstract

This paper presents a synthesis of temperature effects on power RF Laterally Diffused (LD) MOS performances, which can modify
and degrade transistor physical and electrical behaviour. In this work, the temperature influence on device electrical characteristics is
discussed with regard to physical limits for device operation. A developed 2-D structure was implemented and simulated using the phys-
ical simulator Silvaco-Atlas to explain the observed data and offer insight into the physical origin of LDMOS temperature behaviour.
The temperature dependence of most important electrical parameters such as channel current Ids, threshold voltage Vth and inter-elec-
trodes capacitances (Cds, Cgs) is investigated. The temperature effects on mobility, electron concentration, electric field, current flow lines
and Fermi level are taken into account. Finally, initial failure analysis is discussed.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In many applications of electronic, a growing demand
for devices being capable of operating at increased temper-
atures is developing. The current tendency in microelec-
tronic industry is to the down scaling of electronic
components leading to power increase. This means that
temperature effects must be taken into account both in
the design as well as in the exploitation [1]. It is known that
the temperature reached by the power device under opera-
tion exercises has a considerable influence on reliability and
performances [1,2]. The temperature is one of the critical
parameters in particular RF power electronic devices and
many properties of these devices are strongly dependent
on temperature.

The study of device parameters is important to he ensure
reliable functioning, especially at a various temperature
environment. The dependence of channel temperature
change on device operation time is of special interest, as

it represents the temperature distribution along the channel
and throughout the basic chip. The increase of the temper-
ature causes a change of silicon basic properties (band-gap,
intrinsic carrier concentration, carrier lifetime and mobil-
ity, etc.) [3]. As a result, the basic electrical characteristics
of power RF Laterally Diffused (LD) MOS transistors,
such as channel current Ids, threshold voltage Vth and
inter-electrodes capacitances, are changed as well [4,5].
Our investigations are based on physics and 2-D simula-
tions of the device; a new in-depth study of the temperature
influence on the performances was mined.

2. Device experimental characterization and parameters

extraction

It is essential to characterize RF LDMOS in order to
extract model parameters. A commercial Philips RF
LDMOS has been used for this study. The main character-
istics of this device are as follows: frequencies up to 2 GHz,
output power of 10 W, breakdown voltage of 75 V. I–V

and C–V measurements were performed, respectively, by
an Agilent E5270 DC analyser and HP 4194A impedance
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analyser, piloted by IC-CAP Agilent software. Special
attention was paid to the fact that the RF LDMOS is a
power device, so it heats up at high-bias. The method pre-
sented is based on a comparison of I–V and C–V character-
istics of the transistor in various conditions (chip, package,
heat sink, different temperatures) with the same
component.

Fig. 1 (line) shows the instability and the thermal run-
away which occurred due to self-heating effects. To limit
this problem, a solution which proves to be a precious
working tool would make it possible to stabilize the self-
heating effects and to thermal protect the component. It
consists of mounting the component on a heat dissipator
(a heat sink or a Peltier module). Thanks to this solution,
we can obtain more thermally stable measurement condi-
tions (Fig. 1, dashed).

A new electro-thermal model is based on three cells rep-
resentation (thermal network), from the chip to the ambi-
ent air, in order to fully describe the normal RF LDMOS
I–V and C–V curves and to obtain a characterization able
to evaluate the temperature variation and the self-heating
effects during LDMOS operation. This model was used
for power RF LDMOS devices as a tool to extract these
parameters [2]. These results are compared and proved by
a modified 2-D RF power N� channel LDMOS structure
previously developed by Raman et al. [6]; this structure
has been implemented and simulated using the physical
simulator Atlas of Silvaco [7]. The implemented structure
is similar to our tested device. Consequently the qualitative
understanding of physical phenomenon could be studied.

3. Results and discussion

In conventional MOS transistors, the highest current
density is located in the channel region. Therefore, the
most extensive power dissipation occurs in this region [1].
In addition, the rise of temperature is considerably larger

when the device is operating in saturation, as a result of
higher power dissipation than in the case of a device oper-
ating in the linear region [8]. Maximum temperature is
observed in the channel pinch-off region because of maxi-
mum current density [8]. The I–V characteristics of the
transistor in various conditions and the fitted results are
in good agreement as shown in Fig. 2. Several levels of heat
dissipation are presented which describes the temperature
variations in the component.

These techniques also deal with the same phenomenon
studied by Yang [9] in pulsed (long and short pulse) and
in DC characterization. This explains the different means
of component dissipation power, by using a cooling system
is very essential in the case of DC characterization or
exploiting pulse width to avoid heat rise in the case of
pulsed characterization.

Knowledge of the temperature distribution inside the
structure and in particular in the conduction channel and
thus in the drift area, is necessary to identify local ‘‘hot
spots’’ (Fig. 3).

However, the non-uniform distribution of dissipated
power has been observed and is located in the drift region.
It is caused by the breakdown effect and can lead to ther-
mal runaway, if the rise in channel temperature is high-
enough. As in other power devices, the temperature rise
due to device self-heating takes place inside the LDMOS
active area, thus degrading the static and dynamic electrical
characteristics of the device and finally altering the perfor-
mance to a considerable extent [10]. Besides the electro-
thermal modelling improvement, accurate prediction of
the temperature in the source/drain/channel is also desir-
able for a reliability study. Indeed, the failure rate depends
on the temperature, as previously reported in [1,9].

The temperature rise increases the drain current due to
the reduced threshold voltage at a low-current region and
decreases it due to the effective mobility degradation at a
high-current region [10].
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Fig. 1. Output characteristics: Thermal instability effect (line) and stable
temperature conditions (dashed).
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Fig. 2. Measured (dashed) and modelled (line) output characteristic under
various measurement conditions, with Vgs = (3 V, 5.4 V), step = 600 mV.
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