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ABSTRACT 

This thesis deals with the analysis, modeling, design, and development of novel 

antennas and circuits for Ultra-Wide-Band (UWB) transceivers. The circuits referred to 

comprise UWB signal generation circuits and UWB printed antennas, which combine to 

give complete UWB transmitters. The antenna by itself is also a rudimentary UWB 

receiver. This work focuses on UWB systems based on information-bearing ultra-short 

low-power pulses. 

The work was motivated by the absence of simple UWB generating circuits that 

can be assembled using off-the-shelf devices and low-cost technologies, as is possible 

for conventional microwave amplifiers and mixers. Currently UWB systems (with some 

exceptions) requires either sophisticated pulse generating equipment (comparable to a 

microwave synthesized source) or quite complex IC's made using state-of-the-art 

MMIC/RFIC processes. Circuits using step-recovery diodes have also been reported, 

but such diodes are MMIC/RFIC incompatible. Filling in this gap may be taken as the 

basic problem statement of this Ph.D. thesis. 

This thesis presents a new UWB signal generation technique using a single 

pHEMT as an active device, which will be useful for UWB communication. Initially a 

novel and simple method to generate short pulses is demonstrated at low frequency to 

verify the proposed scheme. At low frequencies, the pHEMT can be regarded as an 

ideal switch and the reactive elements as ideal inductors and capacitors without 

parasitics. Under these conditions analytical results are meaningful, and a complete 

analysis of the UWB signal generation process carried out is presented. The design and 

development of UWB signal generation circuits for the frequency band 3.1-10.6 GHz is 

then described. At these frequencies, analytical approaches are not useful, and we rely 
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on circuit simulations. The proposed circuit was simulated using Agilent ADS2009 

simulation software and then fabricated on a soft substrate (make Nelco, Er = 3.2, 

thickness = 0.25 mm). The simulated and measured results show good agreement. 

Two types of circuits have been demonstrated. In the simpler circuit UWB 

pulses are generated both at rising and falling edges of the input pulses (the binary data 

stream which is to be transmitted). In many cases, only one pulse (say at the falling 

edge of the input) is required at the output. We have demonstrated a novel circuit with 

an additional diode that achieves this. To fabricate this circuit using printed elements, a 

lumped inductor is realized using a microstrip transmission line and a capacitor is 

realized in parallel-plate or inter-digitated form. The output pulse-shape is found to be 

quite insensitive to the rise and fall times of the input. The fabrication and testing of this 

circuit has been described in detail in this thesis. It is seen that the main pulse occupies 

— 0.5 ns in time domain and roughly the prescribed bandwidth of 3 — 10 GHz in 

frequency domain. Even counting the small ringing in the pulse, the duration is < 1.5 ns, 

which is more than satisfactory for data transmission at 500 Mbps. 

As in conventional wireless communication systems, an antenna also plays a 

crucial role in UWB systems. However there are more challenges in designing a UWB 

antenna than a narrow-band one. A suitable UWB antenna should be capable of 

operating over an ultra-wide bandwidth as allocated by the FCC-USA and other 

regulatory bodies. At the same time, satisfactory (typically constant) radiation patterns 

over the entire frequency range are also necessary. Another requirement of the UWB 

antenna is good time domain performance, i.e. a short inter-antenna impulse response 

with minimal dispersion. The first type of antenna studied in this thesis is the 

microstrip-fed printed monopole antenna. The second type of UWB antenna is the 

conventional slot antenna, also fed by a microstrip line. The performance and 
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characteristics of UWB monopole and slot antenna are investigated in both frequency 

domain and time domain. It has been demonstrated numerically and experimentally that 

both types of antennas are suitable for UWB applications, but there are important 

differences and novel features that have not been recognized till now. 

The final part of our work is devoted to combining the circuits and antennas into 

a UWB `active integrated antenna'. The radiated UWB pulses are measured in 

frequency and time domain to investigate the active UWB antenna behavior. The 

proposed antenna acts as a filter that tailors the spectrum of the transmitted pulse to a 

shape close to that recommended for UWB communications. 

The work reported in this thesis should help in developing simple easy-to-

assemble UWB pulse generation and transmission schemes using off-the-shelf 

components. These sub-circuits can be further combined with standard receiver 

components such as low-noise amplifiers, mixers and signal processing blocks to 

develop complete UWB communication systems. Details of this type of UWB system 

development fall in the domain of signal processing and have not been addressed here. 

The UWB pulse generation circuit demonstrated is, to the best of our 

knowledge, the simplest known for generating UWB pulses, is low cost and is 

compatible with MMIC (and RF-CMOS if a diode is not required), which is important 

for practical UWB systems. It is hoped that some of the future UWB communication 

systems that include antenna arrays, multiple transmitters and appropriate receivers, will 

be developed using the sub-systems presented here. 
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