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ORIGINAL ARTICLE

S

EFFECT OF TEMPERATURE ON THE PERFORMANCE
OF MODFET LOW NOISE AMPLIFIER

V.J.K.KISHOR SONTI AND V.KANNAN

Research Scholar, Sathyabama University, Chennai
Principal, Jeppiaar Institute of Science and Technology, Kunnam,Sriperumbudur

Abstract:

In this paper the temperature influence on the performance of the modulated
doped field effect transistor is analyzed. MODFET LNA design at 5.8GHz centre
frequency is analyzed, whose dielectric constant of the substrate is 2.2 and the maximum
gain value obtained is 16.203 dB with minimum noise figure value obtained as 0.24.
Noise resistance variation w.r.t temperature was also obtained. Different values of
performance parameters were obtained for different device temperatures, which clearly
Justifies the effect of thermal noise on the performance of the design. Lines used in the
design along with the components are properly placed in the layout obtained. This work
has been carried out using ADS software and the results obtained are in greater
coherence with theoretical facts.

KEYWORDS:
MODFET, Temperature, Noise, Gain, Microstrip.
INTRODUCTION

In this current trend of integration technology, various advancements pertaining to speed, area and
power consumption are path breaking. Semiconductor technology has reached the stages, where
sometimes the tradeoffs among these factors become so serious. This situation forced researchers in the
recent past to shift in different directions and one such way leads to high speed devices and their
applications those contribute to the growth of this technology. Semiconductor compounds have become the
topic of interest for many researchers and devices using AlGaAs and GaN have become major contenders in
these developments. MESFETs (Metal Semiconductor Field Effect Transistor) and MODFETs (Modulated
Doped Field Effect Transistor) are most commonly used devices in the manufacturing of monolithic
circuits. Silicon is the most explored technology but it cannot show good performance in all operating
conditions. The new wide band gap semiconductors like Gallium Nitride (GaN) based devices are useful
for ultra-high power and ultra high frequency microwave applications. [1].This paper is organized as
follows: Section I deals with the introduction and Section II is about the MODFET , its operation and
MODFET Low Noise Amplifier operation and Section III discuss about the Results and Section IV is
conclusion.

II MODFET and MODFET LNA

MODFET is popularly known as Modulated Doped Field Effect Transistor. A typical structure of
Modulated Doped Field Effect Transistor is as shown in Fig.1.
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Fig.1. Typical Modulated Doped Field Effect Transistor Structure3]

The electron traveling in the vertical direction will be collected by Two Dimensional Electron Gas
layer (2DEG). [2]. The n-type AlGaAs layer acts as donor and an undoped AlGaAs acts as spacer along with
an Undoped GaAs channel. [3]. Substrate is semi insulating and the concentration of two dimensional
electron gas can be controlled by gate voltage.

MODFET LNA design using ADS can be carried out using different techniques. The method
adopted in this design is microstrip based methodology.[7]. EEHEMT model of MODFET is chosen for this
design and the design parameters are taken into consideration. Impedance matching is obtained in the
design as shown in the Figure.2.
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Fig.2. MODFET Low Noise Amplifier Design at 25 degree Celsius temperature

Micro strip line based methodology is followed and a line of 2.2 dielectric constant value is with
H=0.75mm, and the centre frequency is 5.8GHz [4]. In the circuit, Impedance matching networks are
designed using L and C components with terminations of 50 ohms at input and output. Operating voltage is
3v dc. [5].

Noise is an unwanted energy and this random motion constitutes an electric current. [6] The
device structure consists of parameters, which are sources of noise. Ambient conditions also play a vital
role on the performance of the device and most importantly device temperature is significant. Noise is
inherent in the device along with the external factors like variable biasing and ambient conditions.

IIT RESULTS AND DISCUSSION

Fig.3, Fig.4 and Fig.5 represents the variation of Noise Figure, Noise resistance and Gain values
w.r.t frequency and at 25 degree Celsius temperature. Noise influence on the device performance in
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applications like amplifier is considerable. The effect of thermal noise is to be analyzed properly to
understand the device response in the typical applications like low noise amplifiers.
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Fig.3. Noise Figure variation at 25 degree Celsus
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Fig.4. Noise Resistance variation 25 degree Celsius
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Fig.5. Gain variation at 25 degree Celsius

Different temperature values are considered starting from lower temperature of 5 degree Celsius
to 45 degree Celsius and the results were tabulated. Table I represents the variation of noise figure, noise
resistance and gain values w.r.t to temperature variations. Fig.6 represents the layout of the MODFET LNA
design. It also shows the perfect placement of components and microstrip lines on the layout.

Indian Streams Research Journal ¢ Volume 2 Issue 11 ¢ Dec 2012 3




EFFECT OF TEMPERATURE ON THE PERFORMANCE OF MODFET LOW..... ]jSche

Table I: Variation of NF min, Noise resistance and Gain w.r.t temperature

S.NO. TEMPERATURE NFMIN RN GAIN
1 5 0.246 0.057 16.203
2 15 0.263 0.060 16.202
3 25 0.358 0.068 16.199
4 27 0.378 0.074 16.197
5 35 0.655 0.166 10.579
6 45 1.943 1.579 4.603
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Fig.6. Layout of the MODFET low noise amplifier design

IV CONCLUSION

From the above results it is crystal clear that the thermal noise is added to the device as the
temperature increases, this is clear from increased noise figure values and increased noise resistance. Gain
also drops from 16.203 dB to 4.603 dB i.e. approximately 12 dB for raise in temperature of 40 degree
Celsius. Theoretical facts also reveal the effect of temperature on the design performance. Therefore,
inference can be drawn out as the effect of thermal noise on the modulated doped field effect transistor
based low noise amplifier is quite evident and significant to deal with.
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