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Abstract— IMPATT di odes have drawn the attenuation in 

last few years .Based on previous studies, device 

performance has been improved from year to year. This 

paper is focused on GaN IMPATT diode because of the 

reliable and more matured technology. The progress is based 

on millimeter –wave application is reviewed. This paper 

specially emphasized the technique for improvement on 

output power and efficiency. 
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I. INTRODUCTION 

Terahertz technology has been a fascinating area of research 

during the last decade with promising applications in the 

fields of terrestrial communication, remote sensing and 

spectroscopy. A wide range of research activities and 

developments in the terahertz technology and applications 

are going on.  The developments in the device technology 

for terahertz generation are most likely to lead the growth in 

this field and we have to focus on solid state devices for the 

same. Among all solid-state devices, IMPact Avalanche 

Transit Time (IMPATT) diode has recognized itself as a 

powerful microwave device for operation at high frequency 

[1-4]. IMPATT diodes are regarded as a premier source of 

solid-state power in the microwave and millimeter wave 

range of frequencies. The high power generating capability 

of the IMPATT diode and high efficiency has made it 

attractive both at commercial and military sector. The device 

(IMPATT diode) has the supremacy over other microwave 

sources both with respect to the frequency coverage and 

output power. Since the first experimental report of 

microwave oscillation from this device [1], there has been 

steady improvement in frequency and output power. Some 

of the records making output from IMPATT diode are 42 W 

of pulsed power at 96 GHz [2], 520 mW at 217 GHz [3] and 

a continuous wave (CW) power 980 mW near 100 GHz and 

50 mW at 220 GHz [4]. 

Recent developments in wide bandgap 

semiconductor technology have paved way for realization of 

IMPATT diode, based on wide bandgap semiconductors, for 

delivering high rf power at very high frequency extending to 

terahertz range [5]. Further, GaN, 4H-SiC and 6H-SiC have 

gained tremendous impetus due to their superior material 

properties favourable for realization of IMPATT diode [6-

9]. These materials are now being treated as technologically 

important material for high frequency and high power 

device applications. Many reports suggest IMPATT diodes 

based on these materials are soon likely to find their place in 

modern communication systems. 

II. OPTIMIZATION TECHNIQUE FOR IMPATTS HIGH 

PERFORMANCE 

Simulation has been an important tool for performance 

analysis of IMPATT devices. The quality and acceptability 

of the simulation results mostly depends upon the quality of 

material data used for the same. Ionization rate coefficients 

for electron and holes play major role in simulation studies 

of IMPATT devices. These parameters also vary with 

electric field and temperature. We may also find 

experimental and simulation reports for these parameters at 

different electric field and temperature.  But mostly we 

don’t find these data over the electric field and at the 

temperature of our interest. Further, the experimental and 

simulation results for these parameters may differ 

significantly leaving us in dilemma to choose which one for 

our simulation. We have to either use the available data or 

have to simulate the available data to get the material data 

for our simulation. In some way we are compromising with 

the quality of the simulation studies. So, we propose here to 

study the influence of small variation in impact ionization 

rate data on the performance of IMPATT diode in the 

terahertz region. 

The literature on IMPATT diode has been 

bourgeoned with the diversified research works by various 

groups [10-14]. The historical background, the current trend 

of research on IMPATT diode, different types of structures 

and in particular heterojunction and super lattice structures 

should be reviewed first. Some of the significant works on 

IMPATT diode are also to be discussed within the scope of 

the the industrial application. Much useful information 

about the advances in IMPATT device concepts and the 

present state of art can be easily inferred from the contents 

of this paper. 

III. IMPORTANCE OF THE WORK 

Terahertz technology has been an interesting field of 

research with promising applications. IMPATT diode is a 

best suited solid-state device for terahertz application. The 

current literatures on IMPATT diode reveal that the 

IMPATT diode based on wideband gap semiconductor 

materials are capable for operation at terahertz range of 

frequency. But these works are still in their infant stage. So 

a vast amount of works needs to be undertaken for the 

design and development of these IMPATT structures for 

terahertz applications. Since IMPATTs have a large number 

of potential applications (e.g. telecommunication power 

amplifier, commercial radar, missile seeker transmitter etc), 

to realize their applications, improvements in noise and 

power performance is highly essential. The conventional 

IMPATTs have been proved to be less efficient and limited 

to a certain frequency range of operation. It has been 

observed from some initial study that there is a significant 

performance improvement, by replacing the conventional pn 

junction by a hetero junction. Therefore, some further 

studies on hetero junction IMPATT are highly essential not 

only for advancement of knowledge but also for practical 

application. 
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IV. METHODOLOGY 

The methodology adopted for the present study will be 

computer simulation experiment. The simulation scheme 

comprises of DC analysis, small signal analysis and noise 

analysis. The equations involved in these analyses are 

nonlinear in nature and thus their solution also involves 

complexity for analysis. So we have to first consider the 

diode to be consisting of small space points. The diode 

active layer width is divided into several number of space 

points with a space step of 1 nm. The DC analysis is first 

done by solving simultaneously three important device 

equations namely Poisson’s equation, the carrier continuity 

equation and the space charge equation using a double 

iterative DC simulation program. The simulation will take 

into account the contribution from each space point and 

effectively determines DC electric field profiles, carrier 

current profiles, breakdown voltage etc. 

The high frequency performance analysis of the 

IMPATT diode will be carried out using a small signal 

simulation method. The small signal model will also take 

into account the contribution from each space point to 

determine effectively the device parameters such as negative 

conductance (-G), negative resistance (-ZR)  and susceptance 

(B) of the IMPATT diode with the help of a double iterative 

computer program. These parameters are required for 

performance analysis of the IMPATT diode. 

Noise generation in the IMPATT device is 

inevitable due to the fundamental process involved in the 

IMPATT diode operation. So noise is an important aspect of 

in most of the performance analysis study of an IMPATT 

diode. The noise characteristics of the diode structure will 

also be computed using a generalized noise simulation 

program . The noise characteristics like mean square noise 

voltage per bandwidth (MSNVPBW) and noise measure 

(NM) will be computed from this analysis.. The simulation 

will be made realistic by incorporating realistic doping 

profiles and experimentally determined material parameters. 

V. CONCLUSION 

Some computer simulation program for the DC, small signal 

and noise analysis of the IMPATT diode are already 

available [15-17]. The author proposes to modify these 

programs for application to wide bandgap semiconductors 

and heterostructure IMPATTs and to develop some new 

program on the basis of it. The simulation programs 

developed above can be applicable to homojunction and 

heterojunction IMPATT diode. 

Widebandgap materials like GaN, 4H-SiC and 6H-

SiC will be extensively studied within the scope of the 

industrial application..  The terahertz characteristics of the 

IMPATT diodes based on these materials will be explored 

using the computer simulation method. Further there will be 

study on Heterojunction IMPATT diode based on these 

materials like GaN and AlGaN. 

Simulation has been an important tool for 

performance analysis of IMPATT devices. The quality and 

acceptability of the simulation results mostly depends upon 

the quality of material data used for the same. So, a need to 

planned here to study the influence of small variation in 

material parameter data like impact ionization rate data on 

the performance of IMPATT diode in the terahertz region. 
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