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Abstract

In this work, we present a low-complexity, and low cost ultra-wideband (UWB) pulse
generators for GPR applications. Here we have implemented two UWB pulse generator
circuits. The first pulse generator uses a simple common emitter amplifier followed by RC
high-pass filter to generate the Gaussian pulse directly. The circuit provides a Gaussian
pulse when activated by a square wave of an external trigger signal and also the pulse
width duration tunability by varying the frequency. Using this circuit topology we can
achieve 200ns Gaussian pulse. The second UWB pulse generator is based on the avalanche
transistor. This pulse generator also provides a Gaussian pulse when activated by a square
wave of an external trigger signal. And when activated with 3 kHz square wave, it generates

11ns duration Gaussian pulse.
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Chapter 1

Ground Penetrating Radar

1.1 Introduction

Ground Penetrating Radar belongs to the family of radar systems that image the sub-
surface. GPR is also called as Surface Penetrating Radar (SPR). Nowadays, GPR is a fast
growing technology and the number of its applications is still growing. Locating pipes and
cables, civil engineering (bridge inspection, finding voids), security, archeology investigation,
geophysical survey and ice mapping are a few examples of its application. The operating
principle of GPR is based on maxwell’s equation of EM wave propagation in inhomogeneous
sub surface media. It couples EM waves in the ground and samples the backscattered echoes.
The EM wave will be backscattered based on any electrical parameters contrasts in the
ground. The special property of GPR is that it can detect echoes due to all three types of
electrical parameters contrasts, i.e. electric resistivity(e,), magnetic permeability(u,) and
conductivity(o). This means that a GPR system has potential for locating and identifying

both metallic and non-metallic buried targets based on the echo characteristics. [21].

1.2 GPR History

In 1904 Hulsmeyer first used the electromagnetic signal to determine the presence of remote
terrestrial metal objects, but six years later description of their use for location of buried ob-
jects Come into sight in a German patent by Leimbic and Lowy. Their technique consisted
of burying dipole antennas in an array of vertical boreholes and comparing the magnitude
of signals received when successive pairs were used to transmit and receive. In this way,

a crude image could be formed of any region within the array which, through its higher
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conductivity than the surrounding medium, preferentially absorbed the radiation. These
authors described an alternative technique, which used separate, surface-mounted antennas

to detect the reflection from a sub-surface interface due to ground water or to an ore deposit.

An extension of the technique led to an indication of the depth of a buried interface,
through an examination of the interference between the reflected wave and that which
leaked directly between the antennas over the ground surface. CW operation, uses shielding
or diffraction effects due to underground features, and the reliance on conductivity varia-
tions to produce scattering, were present in a number of other patent disclosures, including
some intended for totally submerged applications in mines. Pulsed techniques to deter-
mine the structure of buried features is first used by Hollenbeck [6], In 1926 it Come into
sight. He noted that any dielectric variation, not necessarily involving conductivity, would
also produce reflections and that the technique, through the easier realisation of directional
sources, had advantages over seismic methods[4]. From 1930s onwards Pulsed techniques
were developed as a means of probing to considerable depths in ice[7, 22|, fresh water, salt
deposits|23], desert sand and rock formations[11,15]. Probing of rock and coal was also
investigated by cook [2, 3], and Roe and Eller Bruch[18], although the higher attenuation in
the latter material meant that depths greater than a few metres were impractical. A more
extended account of the history of GPR and its growth up to the mid-1970s is given by
Nilsson [16].

In the early 1970s when lunar investigations and landing were in progress interest about
this subject is increased. Ground penetrating radar has advantage than seismic techniques
was exploited, namely the ability to use remote, non-contacting transducers of the radiated
energy, rather than the ground contacting types needed for seismic investigations. The
dielectric impedance ratio between free space and soil materials, typically from 2 to 4, is very
much less than the corresponding ratio for acoustic impedances, by a factor which is typically
of the order of 100, so it is possible to use remote transducers[4]. From the 1970s until the
present day, the range of applications is increasing very much. Now it includes building and
structural non-destructive testing, archaeology, road and tunnel quality assessment, location
of voids and containers, tunnels and mineshafts, pipe and cable detection, as well as remote
sensing by satellite. Nowadays user has a better choice of equipment and techniques because

for each application purpose built equipment is developed.
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1.3 Applications

Recent progress has been one of continuing technical advance largely applications driven,
but as the requirements have become more demanding, so the equipment, techniques and

data processing methods have been developed and refined.
e GPR has been used in the following applications:
e Archaeological investigations
e Borehole inspection
e Bridge deck analysis
e Building condition assessment
e Contaminated land investigation
e Detection of buried mines(anti-personnel and anti-tank)
e Evaluation of reinforced concrete
e Forensic investigations
e Geophysical investigations
e Medical imaging
e Pipes and cable detection
e Planetary exploration

e Tunnel linings.

1.4 GPR Principle

Nowadays Ground Penetrating Radar (GPR) is one of the most promising technologies for
close detection and identification of buried Anti-Personnel (AP) Landmines, due to its abil-
ity of detecting non-metallic objects in the sub-surface. The operating principle of Ground
Penetrating Radar is it sends the EM waves into the ground and samples the backscattered

echoes. The EM wave will be back scattered on any electrical parameters change in the



1.4 GPR Principle 5%

Transmitter Receiver _1Processur —* Display I

Tx antenna Rx antenna

Iy
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Figure 1.2: Typical signal, received by the GPR.

ground. The property of the GPR is that it can detect echoes from all three types of electri-
cal parameters contrasts, i.e. (g,), (1) and (o). This property telling that the GPR system
has potential for locating and identifying both metallic and non-metallic buried targets on
the echo characteristics[13].

Figure.1.1 shows a block diagram of a generic GPR system. In GPR the antennas are
normally scanned over the surface in close to the ground. An EM wave sent into the ground
will backscatter on any electrical parameter discontinuity. The backscattered echoes that
reach the receiving antenna are sampled and processed by a receiver.

Figure 1.2 shows a typical time representation of a signal, received by the GPR at a given
fixed position. Normally the first and the largest echo are due to the air-ground interface

and other echoes, appearing later in time are reflections on target or clutter present in
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the subsurface[3]. The GPR can produce two or three-dimensional images by moving the
antennas on a line or a two dimensional grid. The main difference between the GPR and
metal detector is, the GPR has the potential to detecting non-metallic targets also in the

application of AP land mine detection.

Ground Penetrating Radar can be classified as below.

e Time Domain GPR
amplitude modulated GPR

carrier free GPR

e Frequency Domain GPR
Linear Sweep GPR

Stepped Frequency GPR

The first family of GPR systems is the time domain GPR. Time domain GPR is divided
into two categories: the amplitude modulated and the carrier free GPR. The time domain
GPR principle is it send a pulse at a given pulse repetition frequency (PRF) into the ground

and then receives the backscattered echoes.

The amplitude modulated GPR sends a pulse with a carrier frequency. This carrier
frequency is modulated by a square envelope. For good depth resolution it is important
that the duration of the pulse is as short as possible. So a mono cycle is used. Mono cycle
central frequency can vary from some MHz up to some GHz as a function of the application.
Here the 3dB bandwidth of the emitted pulse is equal to the central frequency f. of the

mono cycle.

The need for larger bandwidth has led to the development of a second category of time
domain GPR i.e. carrier free GPR. This GPR sends pulse without carrier. The width of
the carrier free pulse is of the order of some 100 ps. In this GPR we can any type of pulse
but typically a Gaussian pulse used. The carrier free GPR is also called an UWB GPR.

The second family of GPR system is Frequency Domain GPR. This is divided into two
major categories: linear sweep GPR and stepped frequency GPR. In the first category

continuous wave is frequency modulated with a linear sweep, named FMCW GPR. In the
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second category the frequency of the continuous wave changes in fixed steps, called stepped
frequency GPRJ[19].

A FMCW GPR system continuously transmits a changing carrier frequency by means
of a VCO over a chosen frequency range. The frequency sweeps according to a saw-tooth or
a triangular function within a certain dwell time. The receiver receives the backscattered
signal and mixed with the emitted wave. The frequency difference between the transmitted
and received wave is a function of the depth of the target. The main drawback of FMCW
radar is the poor dynamic range of the system. The FMCW radar simultaneously receives
the signals and transmits the signals. The leakage signal between the antennas can mask
the smaller backscattered signals. Because of this the development of FMCW for the GPR
application is decreased and from the late 1970’s on, more attention has gone to the stepped-

frequency radar[19].

A stepped frequency GPR uses a frequency synthesizer to step through a range of fre-
quencies equally spaced by an interval Af . Here a CW is radiated with a high stability and
mixed with the received signal at each frequency using a quadrature mixer. By using high
precision and low speed A /D converters, the I and Q baseband signals are sampled. Because
of this at each frequency, the amplitude and phase of the received signal is compared with

the transmitted signal. We can find more details about this in [1, 19].

1.5 Description of a time domain GPR

Besides of the data processing and display the time domain GPR has the three major parts:
transmitter, timing circuit and receiver unit. Here the timing circuit triggers both the
transmitter and receiver. The block diagram of the time domain GPR is shown in figure
1.3.

1.5.1 Transmitter

The transmitter is a pulse generator, it produces short transient pulses with a certain
periodicity. This periodicity is called the pulse repetition frequency (PRF). In this GPR
the shape of the pulse is typically a mono cycle or a Gaussian pulse, but we can use other
shapes also like a derivative of a Gaussian pulse or even a step are possible. The technique

of the impulse generator is generally based on rapid discharge of stored energy in a capacitor
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or short transmission line.

1.5.2 Receiver

The receiver is the most difficult block in the hardware to build. Its performance has a
direct impact on the over-all system performance. The receiver has to be very sensitive,
possess a large fractional bandwidth, a large dynamic range and a good noise performance.
The receiver have the four main blocks: a time-varying gain (TVG) amplifier, a low noise
amplifier (LNA), a sample and hold circuit (S/H), and an analog-to-digital converter (A/D
converter). The block diagram of receiver is shown in figure 1.4.

A /D converter

The signal received by the GPR systems is in the frequency range of some GHz, so it is
impossible to use a standard A/D converter to sample the received echoes in real time, in

order to respect Shannon’s theorem. The solution to this problem is sequential sampling
technique.
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Sample and hold circuit

The input to the A/D converter has to be stable for a certain time for a correct A/D
conversion. The principle is that the maximum rate of signal variation must be smaller
than the quantization step of the converter during the conversion time. Here a sample and
hold (S/H) circuit is used to provide a constant signal value to the A/D converter. The
working principle of a S/H circuit is based on the charging of a capacitor Cy to a voltage
that is proportional to the input signal so that the sample corresponds to a specific portion

of the input signal.

The low noise amplifier (LNA)

Before the RF signal enters the S/H circuit, it is conditioned to make use of the whole
Dynamic range of the A/D converter. Here the LNA i.e. an amplifier with a very low noise
figure is the part of the signal conditioning elements. As shown in the GPR receiver, as
represented in Fig. 2-17, is the correct order of succession of the elements. The LNA is not
put as first element as one can expect, but after the TVG. We can see the explanation for

this sequence in the utility of the time varying gain.

Time varying gain (TVG)

The transmitting antenna radiates the spherical waves, that waves and the backscattered
signal by an object are both subject to spreading loss. This means that in the far field
the amplitude of the received echo of a given target decreases with R=2 , where R is the
one-way path between the antennas and the object. And the objects that we are looking
for are buried in a lossy medium. The deeper the object is buried, the more losses will be
introduced by the ground. In other words, the later the echo appears in an A-scan, the
more it will be attenuated due to these two losses. To compensate for this attenuation in
function of time (or depth R ), a time varying gain is introduced, giving a fixed gain in dB
per unit of time (or per meter) as represented on fig 1.5. The curve would approximately
compensate for a loss of 50 dB/m (spreading loss + attenuation in the ground). In practice
the TVG is not an amplifier whose gain changes as a function of time, but an attenuator
whose attenuation is changed as a function of time. The time varying attenuator is based
on PIN diodes. PIN diodes have the property of having a variable resistance as a function

of voltage and they have a low junction capacitance[21].
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1.5.3 Timing circuit

The receiver in a time domain GPR is based on a non-coherent acquisition of the backscat-
tered RF signal. This means that the acquisition must be controlled by a very stable and
precise timing circuit that synchronizes the work between the different parts in the system.
The timing circuit is responsible for mainly three things. First, it has to trigger the impulse
generator. Secondly, the timing circuit has to generate the timing signals as needed for the
sequential sampler, i.e. a trigger for the A/D converter at the intersection of the fast and
the slow ramp. Third, it has to control the timing for the TVG.

1.6 Problems areas

GPR has many challenges like range resolution, signal processing, image processing, antenna
requirements. GPR can detect the small objects under the surface, but it cannot clearly
detect the complex objects. And it is difficult to GPR to distinguish mine and mine like
targets. Typically GPR uses element antennas, like dipoles. They have low directivity and
therefore perform best when they are in contact with the ground, to couple as much energy
as possible into the ground. For safety reasons, demines do not want to use a sensor that is
in direct contact with the ground.

Further, minefields have often a very rough surface and are covered with a lot of vegetation
and in case of landmine detection, if antenna is in contact with the ground it slow down
the speed of the GPR, it is also a problem. And another problem area is the output of a
GPR is usually an image representing a vertical slice in the subsurface. These images are
sometimes difficult to analyze and expert knowledge of the system and the physics behind
the operating principle of the system is needed for correct interpretation of the results.

Landmine like targets are very small in size and buried close to the air-ground surface. So
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we need large bandwidth device to detect the landmines because the range resolution is
directly related to the bandwidth.

1.7 Goal of the thesis

GPR can detect both metallic as well as non-metallic objects in the subsurface. GPR
effectively detect the small targets that are buried close to the air-ground interface with
large band width system.A larger bandwidth is needed for a better depth resolution and
detailed echo. The need for larger bandwidth has led to the development of UWB GPR.
The range resolution of a radar system is defined as “the ability to distinguish between
two targets solely by the measurement of their ranges (distance from the radar); usually
expressed in terms of the minimum distance by which two targets of equal strength at the
same azimuth and elevation angles must be spaced to be separately distinguishable”. The
range resolution of a GPR directly related to the bandwidth of the system ( B ) and the
propagation velocity v is given by:

v
AR= (1.1)

UWB GPR uses the ultra-wide band, ultra short pulse for transmitting into the ground.
Generating UWB pulse is one of the critical functions in the UWB GPR. Goal of my thesis
is generating UWB pulse with simple circuit and simple elements like transistors, resistors

and capacitors.

1.8 Conclusion

GPR is one of the most promising technologies for detection of buried objects of various
types. The range resolution of a GPR is directly related to the bandwidth of the system.
The need for larger bandwidth has led to the development of UWB GPR. Generating and
receiving UWB pulse is one of the most challenging area to be addressed by GPR research

community to realize cost effective reliable UWB GPR, system.



Chapter 2

UWB Pulse Generation Technology

2.1 Introduction

Pulsed UWB technology uses short pulses that have a very short time duration, on the order
of a nanosecond or sub-nanosecond, thereby spreading the radio signal power over a wide
bandwidth. This feature offers high time and range resolution, reduced multipath fading,
low power and complexity, high data rates and low probability of undesired detection and
interception. Pulsed UWB transceivers [8] with low-cost and low power are also preferable
for wireless communication and biomedical applications such as wireless personal and sensor

networks, interchip communications and UWB biotelemetry [5].

According to the FCC definition, UWB transmitter must have either :

e an absolute bandwidth B equal to or greater than 500 MHz
ie. B>500MH~

or

e a fractional bandwidth By equal to or greater than 0.20
By >0.20

N
Bf_th-l-fl (2.1)
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2.2 Types of UWB pulses popularly used in GPR

In UWB transceivers, generation of Sub-nanosecond pulses is a critical function and poses
some serious challenges in circuit design. In addition to the wide signal bandwidth re-
quired, low power consumption and low complexity (for low cost) are necessary. The UWB
pulse generator should be reconfigurable for different pulse shapes and spectra to provide
more flexibility and to handle process variations, regulatory differences, and changes in the
channel or antenna characteristics. To simplify the transceiver architecture for lower power
consumption and cost, built-in modulation capability is usually desirable.

FCC is specified the frequency bandwidth and PSD for UWB devices, so there are few
regulations on the characteristics of the time-domain waveform. So we have to choose the
waveform that is flexible, best suits the application at hand, and the design of the UWB
pulse generator can be tailored for a low hardware complexity and power consumption. In
the literature it is written that Gaussian pulse and its derivatives are the most common

UWB pulse shapes. The standard Gaussian pulse waveform is given by:

t2
—( )
x(t) = e 207 (2.2)

where A is a constant amplitude, and o is the original Gaussian standard deviation.

The first and second derivatives of the Gaussian pulse are widely known as the Gaussian
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monocycle and doublet respectively [16]:

t2
At (5
2 O(t) =~ 207 (23)
t2
A . ~(53
() = —— 2 (1 )20 (2.4)

v 2mo3 o

The Gaussian, monocycle and doublet pulse waveforms given by equations (2.1), (2.2) and
(2.3) respectively are plotted in fig 2.1,fig 2.2,fig 2.3.

2.3 Fundamentals of Pulse Generation Techniques

In the initial days scientists used fast step generators and microwave transmission lines to
generate Gaussian-based UWB pulses. Commonly they used delay-type configuration is
shown in Fig. 2.4. J.Lee used a square-wave oscillator in [13] to drive a fast-switching step
recovery diode (SRD) and generate a fast-transition step signal. During the positive half-
cycle of the square wave ,the SRD turns on and storing some of the available charge. When
the oscillator signal makes a transition into the negative half-cycle, the SRD discharges this
energy and turns off abruptly, exciting the transmission lines with a fast-transition step
signal. This step signal divides into two upon arriving at the junction between the main
transmission line and the short-circuited stub: one propagating down the main transmission
line towards the output and the other along the short-circuited stub. The pulse travelling
towards the short circuit is reflected back with inverted polarity, eventually combining with
the other step function to form a Gaussian impulse at the output. Here the short-circuit
stub is acting as a delay line and the duration of the output pulse is thus approximately

given by [13]:

2L

Up

T (2.5)

where L, is the length of the short-circuit stub and V}, is the propagation velocity through
it. For shorter delays and pulse durations have to use Shorter stubs. But excessive reduction
of the stub length could reduce the pulse amplitude significantly, as the delay becomes too
short compared to the rise time. This pulse generator can produce pulses with 154 ps time
duration, 3.5 V amplitude and good shape symmetry With a pulse repetition frequency
(PRF) of 10 MHz[13].
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Figure 2.4: Gaussian pulse generator using a fast step generator and transmission lines.

2.3.1 Transmission line based Pulse Generators

In [10,24] The impulse duration is tuned by varying the length of the short-circuited stub
Ld. In [10], by using diodes or MESFETSs connected to ground at multiple Locations loaded
the transmission line thereby synthesizing a short-circuited stub with a variable length.
The pulse time duration and amplitude varies from 300 ps to 800 ps and 1.3 V to 1.9
V respectively using MESFETs [10]. In [24], main transmission line is connected to one
of multiple short-circuited stubs with different lengths by using diodes, allowing the pulse
duration to vary from 300 ps to 1 ns.

This concept was extended in [5] to generate the monocycle pulse from the Gaussian
pulse. In [12,14,24] the monocycle pulse is generated by using a second short circuited
stub to combine two of the generated Gaussian pulses with opposite polarities and a time
delay between them. The duration of the produced monocycle is about twice that of each
individual Gaussian pulse. In [5], the monocycle pulse is generated directly by differentiating
the Gaussian pulse using an RC high-pass filter. Therefore the resulting pulse duration can
be reduced to be almost the same as that of the Gaussian pulse before differentiation. In
[5], the fabricated microstrip circuit generates a monocycle pulse with 300ps time duration,
200mV peak-to-peak voltage,-17dB ringing level, and good pulse symmetry.

Although these all pulse generators can provide ultra-short Gaussian-based pulses exhibiting
high voltage amplitude and good symmetrical shape, they inherently employ some specific

components such as SRDs, making them quite difficult to integrate with standard digital
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CMOS circuits.

By using Schottky Diode

In [9] Jeongwoo Han and Cam Nguyen introduced new ultra-wideband (UWB), ultra-short,
step recovery diode monocycle pulse generator. This pulse generator uses a simple RC high-
pass filter as a differentiator to generate the monocycle pulse directly.

The pulse-shaping network employs a resistive circuit to achieve UWB matching and sub-
stantial removal of the pulse ringing, and rectifying and switching diodes to further suppress
the ringing in fig 2.5 showing the schematic of the new monocycle pulse generator. It con-
sists of three parts: Gaussian pulse generator, pulse shaping network, and RC network.
This Gaussian pulse generator produces a Gaussian pulse in two distinct steps. First, SRD
creates a step function with short transition time and it passes through the main transmis-
sion line and short circuit stub, the one it is passing through the short circuit stub reflect
back with opposite polarity. Second, an impulse is formed by combining the step function
reflected from the short-circuited stub and that transmitted across the junction between
the short-circuited stub and the transmission line. The duration of the Gaussian pulse is
Depends on the length of the short-circuited stub.

The pulse-shaping network consists of a series-connected Schottky diode, a terminated shunt
stub, a blocking capacitor, and a shunt Schottky diode with biasing circuit. The main func-
tion of the pulse shaping network is, It provides wide-band impedance matching between
the Gaussian pulse generator and the RC network, and it is preventing the Gaussian pulse
from having a large ringing level and effectively shaping the pulse waveform. The circuit
gives a very large ringing results when the pulse-shaping network is not used. This is due
to the severe impedance mismatch between the Gaussian pulse generator and RC network.
The Gaussian pulse and its ringing occur over an ultra-wide bandwidth, so we need a lossy
matching network. This lossy network attenuates the pulse amplitude. Here the diode acts
as a half-wave rectifier, passing only the positive parts (Gaussian pulse and positive ringing)
and removing the negative ringing portion. This diode functions as a fast switch only al-
lowing passage of parts of the signal whose amplitudes are greater than a threshold voltage
controlled by the dc bias voltage. When compare to the amplitude of the Gaussian Pulse,
the ringing level arriving at the Schottky diode is very small , it can be removed by setting
a small threshold level thereby not sacrificing the pulse amplitude. Gaussian waveform is
shifted down by the dc bias voltage. This voltage offset, however, cannot pass through the

capacitor in the following RC network and thus, will not be seen in the monocycle pulse.
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Figure 2.5: Schematic of the new monocycle pulse generator.

The RC network consists of a capacitor and a load resistor. The capacitance is determined
by the load resistance and required time constant. This time constant can be estimated from
the Gaussian pulse duration and the settling time of the exponentially decay response of a
step function to the RC network. Here they fabricated the new monocycle pulse generator
using microstrip line on FR-4 glass epoxy substrate having a relative dielectric constant
of 4.5 and a thickness of 0.031 in. The fabricated microstrip monocycle pulse generator
produces an ultra-short monocycle pulse with 300-ps pulse duration, -17dB ringing level,
and good pulse symmetry. Because of the simplicity, low cost, and good performance of

this circuit makes it attractive for various UWB radar and communications systems.

By using attenuator and transmission lines

In [20] Alexandre SERRES, Yvan DUROC introduced a new simple Ultra-Wideband (UWB)
monocycle pulse generator based on step recovery diode. This pulse generator uses nonlinear
components with a single power supply and microstrip transmission lines. It has the three
main parts: a Gaussian pulse generator, an impulse-shaping network, and a monocycle-pulse
forming circuit.

The first part of the circuit is an analog Gaussian pulse generator. It is shown in fig 2.6. It
uses a step recovery diode (SRD) which is the most common used source to generate UWB
pulses. The main work of a SRD is to work as a charge controlled switch using a P-I-N
junction with faster switching characteristics than a typical PN junction. A stored charge is

created in the junction as a result of the minority carriers inserted during the forward bias
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Figure 2.6: Circuit of the monocycle-pulse generator.

state, where a recombination time (or carrier lifetime) must occur. The junction impedance
is abruptly dependent on the stored charge, which has the capability to lead to fast rise
time pulses. In any case diode appears to have a low impedance until the charge within the
junction is depleted. Then, the diode snaps back into a high impedance state, essentially
stopping the reverse current of the SRD. This impedance transition, along with the current
within the SRD prior to cutoff, causes a voltage spike [3]. The amount of time for this
transition is called as ”snap” time, and because of this we call SRD as snap diodes. The
typical snap time ranges vary from 30 to 250-ps, allowing SRD to generate pulse widths on
the order of picoseconds.

One common SRD Gaussian pulse generator configuration is shown in fig 2.7. Here the
SRD is driven by an external 100-MHz oscillator. The ramp-like pulse produced by the SRD
splits at point A, traveling down the reverse transmission line and also propagating down
the forward transmission line. The ramp like pulse moving towards the reverse transmis-
sion line reflects back because of the stub. Then, it is converted into an opposite polarity
ramp-like time delayed pulse due to the negative reflection coefficient of the short circuit.
At the forward transmission line, the two pulses recombine to form a Gaussian pulse shape.
The width of the pulse is depends on the length of the short circuited transmission line.
The obtained Gaussian pulse shape is distorted and more ringing occured due to the fast
rise time of the pulse. Here a negative voltage appears before the pulse due to the carrier

lifetime of the SRD. The pulse shaping network remove this negative voltage. The second
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Figure 2.7: Schematic of a SRD pulse generator.

part of the figure.1 is pulse shaping network.

It has the series Schottky diode (Diode 2) removes any negative ringing, essentially acting
as a half-wave rectifier. Any voltage below the forward voltage of approximately 0.6-volts
in the input waveform causes the diode to be reversed biased, which effectively disables the
output until the input reaches a positive voltage state. The shunt Schottky diode (Diode 3
in fig 2.6) reduces the ringing in the pulse train by acting as a switch. When the pulse passes
through the shunt diode section, the current is switched off due to the surge in voltage, al-
lowing the pulse to pass through without distortion. Once the voltage surge subsides, the
diode switches back on, which enables it to become a short circuit again. Here the ringing
acts as an AC waveform and its voltage is not enough to reverse bias the diode, so it passes
through the diode to ground due to the low impedance.

The third part of the fig 2.6 is monocycle-pulse forming circuit. It converts the Gaussian
pulse in a Gaussian monocycle using a short-circuited transmission line. The shaping net-
work splits the impulse into two impulses arriving at the junction of the transmission line
and the output of the circuit. The impulse propagating toward the short circuit is reflected
back and combined with the other impulse transmitted. This generator produces 270-ps

monocycle pulses with about a 1.7-V peak to peak amplitude.

By using Latches

In [17] Reisenzahn A, introduced A new low-cost pulse based ultra-wideband radar system
working up to 6.4 GHz. Pulse generated with a simple transistor circuitry. Here the authors
goal is an easy way to manufacture UWB-pulse generator with off the shelf parts possibly
without biasing of parts with varying parameters. Here they used the step recovery effect
of bipolar transistors to generate the steep edged pulses.

The transistor is driven into saturation where both junctions, base-collector and base-emitter
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Figure 2.8: Schematic of the pulse generation circuit.

junctions get forward biased. If the transistor is reverse biased the base-collector junction
will remain in low impedance state until the earlier in the junction stored minority carriers
are removed completely. The result is an abrupt change to high impedance which causes
the collector current to turn to zero immediately. A steep rising edge is generated at the
collector of the transistor. A schematic of the proposed circuitry is depicted in Fig 2.8.
Here to switch the transistor a D-latch was used . This generates a 2.5 ns long pulse with
an amplitude of about 2.3 V at a 50 ohm load used to drive the transistor into saturation.
The only additional parts are the resistor R1 between the supply voltage and the collector
and the capacitor C1 for DC decoupling.

Here the negative output pulse has a much steeper rising edge caused by the step recovery
effect. But the pulse length is quite the same. The signal is differentiated with a high pass
filter to generate shorter pulses, it results two short pulses — one negative and one positive.
Here the filtering was realized with a short circuited stub. The impedance of the stub line
should be as high as possible to have less influence on the pulse at the line. Then it passes
through the diode, the diode allows only the positive pulse and it rejects the negative pulse.
Finally it generates a Gaussian pulse. The output of this generator giving a rectified nearly

Gauss-shaped pulse with a duration of 100 ps and an amplitude of 0.57 V.

2.3.2 CMOS based UWB Pulse Generators

Recently many alternative UWB pulse generators proposed in the literature, which are
integrated into digital CMOS for a low cost and also provide reconfigurable pulse shapes

and frequency spectra. CMOS chip can provide the good power levels with a fast rise time
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for short-range UWB applications. Four main new techniques proposed here are carrier-

based, analog filtering, digital filtering and direct digital synthesis.

Carrier-based Approaches

Heterodyning and time-gated oscillators are used in Carrier-based UWB pulse generation
techniques. In heterodyning, a pulse is first generated at baseband with a low-pass spec-
trum and then upconverted to the target frequency band. This typically employs a local
oscillator (LO) and a mixer (multiplier) with the architecture shown in Fig.2.9

Control of the radiated center frequency is achieved by the LO, which can either have a
known fixed frequency or be voltage-controlled for frequency-hopping and multiband ap-
plications. By manipulating the time duration of the baseband pulse, we can control the
radiated bandwidth. As shown in Fig. 2.9, frequency up conversion can relax the signal
bandwidth required from the baseband pulse generator. Another variant of this is derived
through the use of time gating as illustrated in Fig. 2.10, where the output of a continuously-
running LO is time gated using an external switch, and/or the LO itself is switched on and
off. The output generated by this approach typically exhibits a few cycles of the LO having
a rectangular amplitude envelope, which can result in an inefficient sinc spectrum with high
out-of-band power that will need to be filtered [5].

Recently Cavallaro et al. [16,19] demonstrated an UWB pulse generator based on the
heterodyning technique in 90 nm CMOS. The Local Oscillator is designed by using an
inductor-capacitor (LC) voltage-controlled oscillator (VCO) locked in a phase locked loop
(PLL). A switched capacitor bank is added in the LC VCO to synthesize carrier frequencies
between 3.5 GHz to 4.5 GHz in steps of 500 MHz. The carrier is then BPSK modulated
using Gilbert cell. To reduce LO leakage between pulses, A switch is added at the out-
put of the BPSK modulator. A ramp generator and a pseudo-Gaussian envelope generator
(PEG) form the baseband pulse generator in this design. To produce a staircase waveform
the ramp generator uses a shift register and a digital-to-analog converter (DAC) and it is
smoothed by a low pass filter. The PEG then creates a Gaussian like baseband pulse using
the ramp signal as the input. It mainly consists of two differential pairs with their outputs

cross-coupled to each other.

An offset is introduced between the gate overdrive voltages of the two differential pairs,
causing the net output current of the cross-coupled structure to rise and fall for a Gaussian

like current impulse. Pseudo-Gaussian pulse is generated and it is upconverted to the LO
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Figure 2.9: Heterodyning for pulse generation.

frequency band using a folded Gilbert quad. Measurements were demonstrated showing 4
GHz pulses with a Gaussian amplitude envelope. The pulse peak-to-peak voltage is 200 mV
and the LO ringing level is below 3 mV. The pulse time duration is 2.8 ns for a 628 MHz -3
dB bandwidth. The maximum PRF can reach 500 MHz and the energy dissipated per pulse
is 56 pJ. Switched local oscillators have also been investigated for UWB pulse generation.
In [16], to generate an UWB pulse an LC oscillator is switched on and off in response to
the digital data. A switched capacitor bank is used in the LC oscillator to be able to switch
the oscillation frequency to one of three 528 MHz sub bands centered at 3.5 GHz, 4 GHz
and 4.5 GHz. A triangular pulse envelope is realized by exploiting the turn-on and turn-off
transients of the LC oscillator. By simply activating the tail current source the oscillator
is turned on. The rise time, which is designed to be one half of the pulse duration for a
symmetrical triangular pulse shape, should be in the range of 1 ns for more than 500 MHz
of bandwidth. It can be reduced by increasing the transconductance of the active devices,
which typically requires increasing the DC current. Depending on power consumption and
technology achieving a rise time on the order of a nanosecond is a challenging thing. The
oscillator turn off procedure involves simultaneously switching off the tail current source and
activating an NMOS switch across the LC tank. The equivalent parallel resistance across
the LC tank for a shorter turn off transient is reduced by on-resistance of the switch. The
size and on-resistance of the NMOS switch is designed to make the fall time equal to the
rise time for a symmetrical triangular pulse. The circuit was fabricated in 0.18x m CMOS
with a die area of 560pm x 550pm. Measurements were demonstrated showing an output

pulse with a peak-to-peak voltage of 160 mV, a time duration of 3.5 ns and a 520 MHz
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Figure 2.10: Alternative time gating for pulse generation.
bandwidth at 100 MHz PRF. The energy dissipated per pulse is only 16.8 pJ [5].

Sim et al. [16] presented a pulse generator for 6-10 GHz UWB applications based on
the switched oscillator technique. A pulsed three-stage ring oscillator followed by an on-
chip pulse shaping filter is proposed. The oscillation frequency of the oscillator have in the
center of the 6 - 10 GHz band around 8 GHz. To generate an UWB pulse with a rectangular
amplitude envelope, it is quickly switched on and off over a short time duration. Due to
the low quality factor (Q), the ring oscillator has a fast on/off transient response. A high-
pass LC filter is used to suppress the out-of-band spectral components. The circuit was
fabricated in 0.18 CMOS, occupying an area of 0.11 mm2. The average power consumption
is 1.38 mW at a supply voltage of 2.1 V for a PRF of 50 MHz. This corresponds to a
low energy consumption of 27.6 pJ per pulse. Time- and frequency-domain measurements
showing that pulse peak-to-peak amplitude of 673 mV, a pulse time duration of 500 ps and
a -10 dB bandwidth of 4.5 GHz from 5.9 to 10.4 GHz.

Analog Filtering

A common way to generate an UWB pulse directly without using a carrier is to form a base-
band impulse first with a very short time duration and a high frequency bandwidth, and
then filter the impulse using a bandpass or a pulse shaping filter as illustrated in Fig. 2.11.
This type of designs is typically more suitable for non frequency agile applications, as the
UWRB signal’s center frequency and bandwidth are primarily determined by the bandpass
or pulse shaping filter.

In [5] Zheng et al. proposed a CMOS circuit that directly performing the squaring,

exponential and second derivative functions required to generates the Gaussian doublet.
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Figure 2.11: Filtering for pulse generation.

For the squaring circuit, a transistor operating in the saturation region is used. To reduce
velocity saturation and channel length modulation effects [5] non-minimum channel length
is chosen for this transistor. Exponential circuit consisted of a transistor biased in the
subthreshold or weak inversion region. In the absence of a conducting channel the n+source,
p bulk and n+ drain form a parasitic bipolar transistor. In this region current-voltage

relationship is exponential and can be approximated

v
]DS :IDO exp(%) (26)

where Ipg and A are CMOS process dependent parameters. Finally, an LC network second-
order differentiator (Fig. 2.12) is used at the output. The transimpedance VO can be
expressed in the frequency domain (s-domain) as:
Vout (S —sRyL
(5) _ S  ~ —s’R LC (2.7)

RL—FSL‘I'E

Where the approximation is valid if the value of inductor L and capacitor C satisfy
the Rp + sL < % This is readily achieved in the UWB frequency range with the typical
values of on-chip spiral inductors and MIM capacitors. The circuit was fabricated in 0.18um
CMOS and tested with a 200 MHz input clock . The output voltage is a second-order

derivative of the current I;y. The measured output pulse has a Gaussian doublet shape
and a good symmetry. It has the time width of less than 0.8 ns and a -10 dB bandwidth of
approximately 2 GHz in the 3 GHz to 5 GHz band. The maximum peak-to-peak amplitude
is limited to about 35 mV, giving rise to the need for subsequent wideband amplification.
This is because of the low sub threshold current levels in the exponential circuit and the

significant insertion loss of the differentiating LC network.
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Figure 2.13: Digital logic for impulse generator.

In [5] S. Bourdel et al. demonstrated a pulse generator using digital logic for baseband im-
pulse generation and a third order LC ladder Bessel filter for UWB pulse shaping. Digital
logic circuits gives the baseband impulses as shown in Fig 2.13. They are having inverters to
introduce a small delay followed by a NOR gate to generate an impulse on every falling edge
of a trigger signal. The relative timing of the signals at the input of the NOR gate is shown
in Fig 2.13. The NOR gate combines the falling edge of the trigger signal and its delayed
inverted replica to form a positive impulse. We can use NAND gates also in place of NOR
gates to realize impulses with the opposite polarity on every rising edge of the trigger. They
used high-speed current mode logic (CML) for the delay cell to create a baseband impulse

with a very short time duration of 75ps and a at frequency spectrum out to 10 GHz. The
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generated impulse is then applied to the third-order LC ladder Bessel filter to form the
UWB pulse. To limit its signal power loss to within 3 dB,the filter order is kept to three
which arises due to the low quality factor (Q) of on-chip passive devices. The measured
pulse peak-to-peak amplitude and time duration are 1.42V and 460 ps respectively. The
IC occupies an area of 0.54 mm? in 0.13pm CMOS technology and consumes 3.84 mW of
power at 100 MHz PRF .

In [5] Kawano et al. designed a pulse generator in 0.13pm Indium Phosphide (InP) tech-
nology for 22-29 GHz UWB applications using a filter-based technique. By using baseband
impulse with a peak-to-peak voltage of 0.8 V, a very short time duration of only 9 ps is first
generated that has a at frequency spectrum in the 22-29 GHz band. The baseband pulse
generator is similar to that of Fig 2.8 and consists of a CML delay inverter and a CML
AND gate. Here cascade circuit configuration is used in the AND gate to reduce the miller
capacitance and increase the switching speed for an ultra-short impulse. The chip area
and power consumption of the baseband pulse generator is 1.5 mm x 1.7 mm and 620 mW
respectively. For pulse shaping a cosine roll-off bandpass filter (BPF) is used with a roll-off
factor between 0.9 and 1 to reduce the ringing level at the cost of a longer pulse duration.
Because of the low quality factor (Q) of on-chip inductors and capacitors at millimeter wave
frequencies, Transmission lines are used to realize the BPF. The measured insertion loss of
the BPF is 2.6 dB at the center frequency of 26.5 GHz, and the attenuation is about 16 dB
and 26 dB at 24 GHz and 29 GHz respectively. The chip area of the BPF is 8 mm x 5 mm.
The generated UWB pulse has a time duration of less than 500 ps and ringing level of less
than -20 dB and swing of about 60 mV.

Digital Filtering

An alternative to analog filtering is a technique based on a digital filter as shown inFig.
2.14. Multiple delayed copies of a baseband impulse can be individually scaled with the
desired polarity and amplitude, and then added together to form an UWB pulse.

By using this method, we can more control the UWB pulse waveform and frequency
spectrum. Here a trigger signal is distributed to N baseband pulse generators ( BPG) using
a digital delay line, with a time delay of TD per stage. This triggers the BPGs to produce
impulses at sampling times of Tp,2Tp, ..., NTp with a sampling frequency of fs = Tl—D.
Then these signals are scaled with tap coefficients ci, i = 1; 2; : : : ;N using amplifiers. The
resulting pulses are finally combined by a wide band pulse combiner at the output.from this

method, another method is derived i.e by directly scaling the delayed edges of the trigger
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Figure 2.14: Baseband impulse combination for UWB pulse generation.

signal and combining them, without generating baseband impulses as shown in Fig. 2.15.
Here the sum of all of the tap coefficients ci i = 1; 2; : : : ;N must be equal to zero, to

ensure that the generated pulse has a finite time duration.

Direct Digital Synthesis

Another approach for UWB pulse generation is waveform synthesis based on highspeed
digital-to-analog converters (DAC) as shown in Fig. 2.16. In this a high speed DAC is used
with a good resolution to generate directly UWB pulses with different shapes and it is fully
reconfigurable. This type of DAC-based UWB pulse generator requires a sampling rate of
more than the Nyquist rate, e.g., more than 20 GHz for a 3- 10 GHz UWB pulse.

In [5] they used a 20 GHz 6-bit DAC for UWB pulse generation, creating various pulse
shapes and supporting several modulation formats. The high sampling rate poses a real
challenge not only for the DAC, but also for generating the input digital data stream. This
technique leads to power-hungry high speed digital CML circuits, using more advanced
technologies such as SiGeBiCMOS [17]. Therefore, it is giving a command to influence
some analog and RF techniques to reduce the required power consumption in an UWB

pulse generator.
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Figure 2.16: Direct digital waveform synthesis for UWB pulse generation.
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2.4 Methods to approach:

Because of the limitation of the instruments and devices, we chosen UWB pulse generators
based on transistors. In this project we have chosen two transistor UWB pulse generators.

First one is based on normal transistors, and the second one based on avalanche transistor.

Transistor based UWB pulse generator:

The circuit provides the Gaussian pulse when activated by a square wave.This pulse gener-
ator uses a simple common emitter amplifier followed by RC high-pass filter. In this circuit
we can tune the pulse width duration by varying the slope of the square wave.

Figure 2.18 showing that, V1 and V2 voltage level mast be in opposite phase. The twotran-
sistors in this way are respectively in anoff and on state. By supposing that transistor TR1
is in “off "state and TR2 in “on ”state, so V1 and V2 are respectively low and high, the
same transistors driven by the linear, and opposite in phase, edge of the applied square wave
signal, generate a Gaussian pulse. The advantage of the this generator is low-complexity |,
low cost, and versatile, so we can use this generator in a variety of integrated circuits UWB

modulation schemes and systems.

Avalanche transistor based UWB pulse generator:

Fig 2.19 is a basic circuit of avalanche transistor. The static load resistance of avalanche
transistor is RC. Before triggerpulse coming, the base is zero bias and the avalanche tran-

sistor works in cutoff region. According to Figure 3.6 a set of circuit equations can be listed.

i=ip+ia (2.8)
Uce = Ec —irR.
1 [*4
UC’E = UC(O) — —/ iAdt — iARL
¢ Jo

In (2.10), iis the total current, ig is the current of static load R¢ , i4 avalanche current,
u.(0)the initial voltage of capacitor C, Ry, the dynamic load resistor, R, static load resistor,
C avalanche capacitor, t4 avalanche time. Solving (1), obtain the equation of dynamic load
line in the course of avalanche. The avalanche transistor has regularly four working regions:
saturation region, linearity region, cutoff region and avalanche region. When high enough

negative voltage is loaded on collector-emitter, a strong electric field is produced in collector
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Figure 2.17: BJT based Pulse generator architecture.
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Figure 2.19: Avalanche transistor UWB pulse generator.
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junction. Then the strong electric field will accelerate minority carriers which go into this
space to crash into lattices in this space, so that electron-hole pairs come into being. The
new electron-hole pairs are again accelerated to produce more electron-hole pairs, so the

collector current runs up just like “avalanche”, which is called avalanche effect.

2.5 Summary and Conclusion:

In this chapter we discussed about different techniques to generate UWB pulse, and we
classified the pulse generation techniques into two, one is Transmission line based Pulse
Generators, and the second one is CMOS based UWB Pulse Generators. Under the Trans-
mission line based Pulse Generators, we discussed about three techniques, the first one is
using Schottky diode, the second one is using attenuator and the third one is using latches.
Under the CMOS based UWB Pulse Generators, we discussed four techniques, the first one
is using carrier, second one is using analog filtering, third one is using digital filtering and
the fourth one is using direct digital synthesis.Because of the limitation of the instruments
and devices, we chosen UWB pulse generators based on transistors. In this project we have
chosen two transistor UWB pulse generators. First one is based on normal transistors, and

the second one based on avalanche transistor.



Chapter 3

IMPLEMENTATION OF THE
PULSE GENERATOR CIRCUITS

3.1 Introduction

In this work, we implemented two low-complexity, low cost UWB pulse generator circuits.
The first one is by using the normal transistor 2N2222A, this circuit gives the Gaussian
pulse when activated by a square wave input. This pulse generator uses a simple common
emitter amplifier followed by RC high-pass filter. In this circuit we can tune the pulse width
duration by varying the slope of the square wave. The second one is by using the avalanche
transistor. This pulse generator also uses a simple common emitter amplifier followed by RC
high-pass filter. This circuit also provides the Gaussian pulse when activated by a square

wave input.

3.2 Transistor based UWB pulse generator

This pulse generator uses a simple common emitter amplifier followed by RC high-pass filter
to generate UWB pulse. Here in this circuit we used 2N2222A transistor in place of TR1
and TR2. And we used R1 is 10 kilo ohm, C1 is 0.47 pF and RLOAD is 1 kilo ohm. And
here we used dc power supply i.e. VDD is 3.3Volts. and we simulated the circuit by using
the MULTISIM 11.0 tool. The simulated circuit is shown in figure 3.1

We simulated the circuit. Here we used 3 kHz square wave input with 5 volts peak to peak

voltage in place of V1 and V2, but with opposite polarity, and we got the Gaussian pulse
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Figure 3.1: Gaussian Pulse Generator and Control Signals.
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Figure 3.2: Simulated Result.
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Figure 3.3: Photo of the Implemented UWB Gaussian pulse generator on Breadboard.

Figure 3.4: Photo of the OUTPUT of the Implemented UWB Gaussian Pulse Generator.
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Parameter | Simulated | Practical

Amplitude -2.8V -1.45V

Rise Time 5Hns 85ns
Pulse Width 173ns 200ns

Table 3.1: Summary of BJT Based UWB pulse generator circuit

output. Then we implemented the same circuit with same values on the breadboard, and
we achieved the Gaussian pulse practically. In simulation we got 173ns duration Gaussian

pulse, but in practical implementation we got 200ns duration Gaussian pulse.

3.2.1 Conclusion

In this work we presented a low complexity and low cost tunable pulse generator architecture
suitable for UWB GPR applications. The circuit provides a Gaussian pulse when activated
by a square wave edge of an external trigger signal from signal generator, also the pulse
width duration tenability by varying the frequency. Here we used 3 kHz square wave and
get 200ns duration Gaussian pulse, by increasing the frequency of the square wave, can get
very short duration Gaussian pulse. Here we demonstrated the Gaussian pulse generation

with reduced ringing levels, and good symmetry.

3.3 Avalanche transistor based UWB pulse generator

This pulse generator uses a simple common emitter amplifier followed by RC high-pass
filter to generate UWB pulse. Here we used 2N5551 avalanche transistor to generate UWB
Gaussian pulse. And we used Rcc is 10 kilo ohm, Ccc is 0.47 pF, RBE is 1 kilo ohm, RE is
1 kilo ohm and RL is 100 ohm. And here we used dc power supply i.e. Vcc is 12Volts. and
we simulated the circuit by using the MULTISIM 11.0 tool. The simulated circuit is shown
in figure 3.5.

We simulated the circuit. Here we used 3 kHz square wave input with 10 volts peak
to peak voltage, and we got the Gaussian pulse output. Then we implemented the same
circuit with same values on the breadboard, and we achieved the Gaussian pulse practically.

In simulation we got 2 ns duration Gaussian pulse, but in practical implementation we got
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Figure 3.5: UWB pulse Generator using avalanche transistor
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Figure 3.6: simulated output of avalanche circuit
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Figure 3.7: Bench setup of the circuit

Figure 3.8: Implemented circuit
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Figure 3.9: Output of the implemented circuit

Parameter | Simulated | Practical on Bread board | Practical on Soldering
Amplitude -4.97V -4.47V -4.47V
Rise Time 0.8ns 6ns 14.5ns

Pulse Width 2ns 11ns 19ns

Table 3.2: Summary of Avalanch Transistor Based UWB pulse generator circuit

11ns duration Gaussian pulse. The practical results is not achieved the simulated results, so
we soldered the circuit and checked the output. The soldered circuit is giving 19 ns duration

Gaussian pulse.

3.3.1 Conclusion

In this work we presented a low complexity and low UWB pulse generator architecture
suitable for UWB GPR applications. The circuit provides a Gaussian pulse when activated
by a square wave signal from signal generator. Here we used 3 kHz square wave input signal
to generate Gaussian pulse. The simulated results are given 2ns duration Gaussian pulse ,but
the practical results on breadboard given 11ns duration Gaussian pulse and the practical
results on soldering circuit given 19 ns duration Gaussian pulse. Here we demonstrated the

Gaussian pulse generation with reduced ringing levels, and good symmetry.



Chapter 4

Summary and Conclusion

4.1 Summary

In the UWB GPR transmitter, UWB pulse generation is one of the most critical function.
There are many techniques are there in the literature to generate UWB pulse. In this project
work we have implemented two simple circuits based on the transistors to generate UWB
pulse. The first circuit is based on normal transistors and the second circuit is based on the
avalanche transistor. Both the circuits are implemented on the bread board and tested with
the signal generator and oscilloscope. There is a difference between the simulated results
and practical results. For the better result we soldered the circuit in a PCB and verified

the result. The output of the PCB differed a lot compare to the expected simulated outcome.

4.2 Scope of the future work

Simulated and practical results are quite differed.A excessive theoretical analysis may help
us to understand this discrepancies. Simulation with other softwares may help us to under-
stand more. Simulation with more practical cases may gives the comparable results. And
Testing with more precise instruments may give good result. Good soldering may be give

the simulated results.
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4.3 Conclusion

UWB pulse generator is important block to realize high resolution GPR.In this research
work we have realized two pulse generators based on simple circuits. These circuits are
simple, less weight and cost effective. The generated pulse are not meeting the UWB spec
requirements. There are Requirements of high quality research in UWB pulse generator
with the help of simulation tools as well as sophisticated instruments. Any breakthrough
to achieve cost effective, efficient and reliable UWB pulse generator will have huge impact

to transform the present generation pulsed GPR technology.
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