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ABSRACT

Gallium Nitride (GaN) material is a wide band that promise to

revolutionize in the electronic future of modern devices and equipment's
with high frequency and high power applications.
Although the enormous attention of these modern techniques, but as yet
suffering from difficulties in the material capabilities on the one hand,
and manufacturing operations on the other, which have negatively
affected the manufacture of this type of device.

In this thesis, a High Electron Mobility Transistors (HEMTs) is
presented and designed using device modeling. Polarization effects have
been incorporated using a highly doped ( AlGaN ) spacer layer. This
thesis examines the effect of the device structure and dimensions profile
on the ( AlGaN/GaN ) HEMT’s amplifiers performance including the
unilateral current-voltage ( [-V ) transfer curves and capacitance voltage
( C-V ) characteristic curves, in addition of transconductance
calculations. The presented research aims to analyze, model, and simulate
two power amplifiers (GaN) as future generation and Gallium Arsenide
(GaAs) as present generation.

The two models were set up with dimensions ( 8 x 1 micron ) with
( 1 micron channel length ) to match the physical device simulation
requirements. It is found that the drain current of GaN transistors is
(0.24 A) while it is ( 0.0024 A ) for GaAs at same drain source voltage.
The output power for GaN about ( 1.2W ) while it is ( 0.012W) for other
one, which represents ( 100 times ) larger than that of GaAs.

In this work two models of GaN field-effect transistors ( FET )
based on High Electron Mobility Transistors ( HEMT ) technology with
different length dimensions ( 4 um and 8 pum ) and different channel

length ( 0.5 um, 1pm ) are presented. Two models have been studied and
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investigated using Schotcky- Read- Hall ( SRH ) and ( Fermi — Dirac )
models. The results illustrating that the drain current for ( 4 pm) model
decreased to (34.6% ) when dimensions minimized ( 50 % ),when gate
voltage ( -3V ), while this ratio reduced to (30.2% ) at gate voltage
(0V), and it will increased as the gate voltage increases, which gives the
best suitability for these types of devices in the radio frequency power
applications. The results of AC simulations of the transconductance
are attended between each pair of electrodes. Transconductance of the
( GaN and GaAs ) HEMT are presented and simulated. In both models,
the drain - source voltage (Vds) varies between ( 0.0 to 15 volt ) with a
step (2 V).

The results have been obtained by using ( Silvaco — ATLAS™

TCAD ) simulation program. Silvaco-“ATLAS” simulation software is a
good tools for design and deep analysis of semiconductor progress.

The simulation tool used throughout the entire work for device geometry
design, epitaxial layers design and investigation of dynamic physical
characteristics through their processes to produce a such good effective
model suitable for radio frequency applications.

In this thesis the design and simulations of a class F ( RF )
amplifier built on the (GaN- HEMT) model is realized using Agilent
EEsof Advanced Design System (ADS) software. The designed
model in ( Silvaco — Atlas ) software are used to update the Advanced
Design System ( ADS ) library. Class F power amplifier are analyzed
and simulated, by changing the characteristics of (GaAs transistor )
to be match with ( GaN - Transistor ) specifications. The
( GaN ) designed transistor gives a better performance results
than ( GaAs ), and these results are agreements with theoretical

characteristics of ( GaN ) materials.
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