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Abstract

Recent developments in RF field have made possible miniaturization of many RF
systems such that they fit into places where space is premium. One such example is
the Uninhabited Air Vehicle being developed by Center for Remote Sensing of Ice
Sheets to house the radar system and antennas used for measuring ice sheet thickness
in places like Greenland, Alaska and Antarctica. While the radar size can be
miniaturized using the latest development in chip manufacturing technology,
integrating the current large sized antenna with the UAV is an issue. To resolve this,
electrically small antennas followed by high impedance amplifiers were developed
and characterized to be used with radar systems that work within 100 MHz to 300

MHz bandwidth to achieve performance comparable to the larger antennas.

The active antenna was tested in the lab and it specifications include a bandwidth of
436 MHz, i.e. from 20 MHz to 456 MHz with an electronic gain of 7.5 dB and overall
gain comparable to that of the horn antenna. The noise figure of the active antenna is
below 3 dB and has a dynamic range of 103 dB without a jammer signal and 92 dB in

presence of a -20 dBm jammer signal.
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Chapter 1:
Introduction

1.1 Motivation:

Global sea level rise due to climatic changes and melting of polar ice sheets has been
of great concern in the recent times, especially considering the fact that more than
60% of the world’s population resides in the coastal areas. To quantify the
contribution of ice sheets and outlet glaciers in the sea level rise remote sensing
techniques have been developed to improve our understanding of ice parameters and

their dynamics by mapping the internal layers and the bed of the ice sheets.

Center for Remote Sensing of Ice Sheets (CReSIS) established in 2005 is dedicated to
development of new technologies and better computer models to measure and predict
the response of ice sheets to climate change [19]. The technological development at
CReSIS includes, but is not limited to, development of advanced radar systems that
can measure ice sheet thickness, basal conditions, accumulation rates, etc. that
support the requirements of the polar research community. Effort now is being

focused on making these radars small, lightweight and with low power consumption.

For the field missions taken by CReSIS, the radar systems are run on autonomous

platforms. These platforms can be divided into two categories: land-based and

airborne. The land-based operations are done using the platform called a rover [21].
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The airborne radars were originally operated on a P3 aircraft, and now are being
operated on a Twin Otter aircraft. The latest addition to this list is the UAV
(uninhabited air vehicle), currently under development, that will enable airborne
remote sensing in places that are not accessible by conventional means and also

provide smaller grid spacing in flight lines while mapping ice sheets.

It is evident from the above information that the focus in development is shifting
slowly towards miniaturization, be it platforms or radars. It is now essential that the
antenna systems integrated with the UAV should be small and light weight in order to
have the optimal performance aerodynamically. The current antenna — half wave
dipoles used with the airborne radars are nearly 1 m in length hence pose some
problems in UAV design. At the same time the smaller antennas should have the

comparable or superior performance as their larger counterparts in gain and

bandwidth.

Drastically reducing the size of antennas without any compensation compromises the
performance of the antenna. This thesis presents a sub-optimal antenna design using
the concept of active antennas that has both the small size and broadband

performance that is suitable for UAV’s
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1.2 Organization of Thesis

Chapter 1 gives the motivation of the thesis, starting with emphasis on climate change
and melting of ice sheets and effect on global community and then moving on to the
next generation radar and autonomous platform development and the requirement for

smaller size yet broadband antennas.

The rest of the thesis is divided into three main categories — theory, design and

simulation, implementation and testing.

Chapter 2 starts with a brief overview of antenna theory, antenna design issues
focusing mainly on antenna size and bandwidth, then goes into the theory of
electrically-small antennas. Theory of active antennas follows and then a literature

review of active antenna development is provided with a historical perspective.

Chapter 3 goes through the design basis of the active antenna presented in this thesis
and the modifications made to the base design in order to suit our application starting
with the high-impedance, low-noise amplifier design followed by antenna element
design, then the combination of the two which forms the active antenna. The rest of
the chapter goes through the simulations done to theoretically characterize the active

antenna.
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The first half of chapter 4 deals with the realization of the amplifier circuit and the
monopole element, and the second describes in detail the experimental setups used to
characterize the active antenna and the final measurement results with analysis of

each of the results obtained.

Finally chapter 5 concludes the design of active antennas as a sensor for airborne
radar, and the future work includes more testing techniques that can be done to
understand the performance of the active antenna better and some design

advancements that would enhance the performance of the active antenna.
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Chapter 2:
Theory and Background of Active Antennas

2.1 Brief overview of Antenna Theory:

2.1.1. Defining an antenna

According to Balanis [1] an antenna can be termed as a transitional structure between
free space and guiding devices such as coaxial lines or wave guides. They can radiate,
or receive electromagnetic waves or more popularly known as radio waves, into or
from free-space. There are several ways of describing an antenna based on its
applications. An antenna can be seen as an energy converter or a transducer. In other
words as it converts the E-fields present in free space to certain terminal voltage, or
vice versa. An antenna serves the purpose of a spatial filter, through its radiation
pattern and directive nature. That is it can transmit or receive in only the desired
direction and reject the signals from any other direction. The propagation mode of the
signal in free space is different from the propagation mode in the guiding device, so

the antenna actually acts a propagation mode adapter for the two environments.

Apart from being a transducer, spatial filter and a propagation mode adapter, an
antenna acts as an impedance matching device, as it is designed to transform the free
space intrinsic impedance to the characteristic impedance of the guiding device or
transmission line attached to it. The nature of this transformation decides the

bandwidth of an antenna. An antenna can be completely described by its gain,
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directivity, radiation pattern that includes the side lobe levels, polarization, efficiency
and input impedance which is frequency dependent and which has to be matched

characteristic impedance of the transmission line that follows it.

2.1.2. Bandwidth Issues and Broadband Antenna Design:

According to Andrew Alford [2], if the transformation from free space impedance to
transmission line impedance is a gradual, like a tapered line then the overall reflection
is not critically dependent on the length of the antenna, or the wavelength of the
received signal. If not then the electrical length and the input impedance are the main
factors to consider as they are both frequency dependent. Therefore matching network
built to transform antenna impedance to transmission line impedance is perfect only
at the design frequency and varies considerably with change in frequency. However
as mentioned before, there exist antennas that follow the tapered impedance structure,
flared out at the end that faces free-space and tapers down as it reaches the coaxial
cable, examples of such antennas are the TEM horn antennas, Vivaldi antennas and

bow tie antennas are wide band devices.

S |

(a) Horn antenna (b) Bow-Tie antenna (c) Vivaldi antenna

Figure 2.1: Broadband antennas
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There are other classes broadband antennas like the spiral antennas which depend on
their angular structure for wideband performance [1] or antenna arrays like the log
periodic which have periodic structure and characteristics. More can be read about

these broadband antennas in ref [1].

Figure 2.2: Log periodic antenna

With the exception of the above mentioned antennas, most of the other ones are

restricted in their bandwidth.

2.1.3. Antenna size issues

Antennas are designed mostly based on the wavelength of the frequencies of
operations. It can then be said that the physical size of the antenna is driven by the
lowest frequency in the range of frequencies that the antenna operates. Suppose the
lowest frequency of operation is 150 MHz, then a half-wave dipole antenna has to be
at least 1 m in length as the wave length at that frequency is 2 m. However this is
somewhat a problem when the application needs an antenna with smaller size. For

example, underneath the wing of a small aircraft as a sensor for a radar system as is
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our case or if the antenna needs to fit into automobiles (cars) as a sensor for collision
prevention. The other antennas that are broadband, like the horn antenna and the log
periodic array also have large dimensions and hence are not suitable for such
application where space is limited. However there are antennas that can be made

small but with a price, which is discussed in the next section

2.2. Electrically Small Antennas

It is a well known fact that when the length of a transmission line is reduced to less
than 1/8" of a wavelength, the transmission line can be approximated to a frequency
independent line. The same concept can be applied to antennas. Electrically small
antennas are those that have very small length, typically less 1/8" of a wavelength.
These antennas however have a higher impedance and Q factor. As Q factor increases
the bandwidth in which there is a good impedance match decreases. This causes the
efficiency to decrease. However there are cases wherein the antenna is small and has
very high impedance, but good operating bandwidth. This antenna is called the

Hertzian dipole antenna.

2.2.1. Hertzian Dipole Antenna:

The Hertzian dipole is in form of a linear antenna, i.e. a straight wire antenna with a
length much less than a wavelength of the frequency of operation. This makes the

antenna seem frequency independent as long as the condition of electrically small
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antenna is maintained. Thus the antenna works over a considerable range of
frequencies as the current distribution over the length of the antenna is uniform.
However the input impedance of the antenna is huge. A typical electrically small
antenna has in its input impedance the following - radiation resistance, loss resistance,
capacitive reactance and inductive reactance. Of these components, the loss resistance
and inductive reactance are small while capacitive reactance is the one that is
dominant. This makes the design of wideband matching networks all the more
complicated. Also the directivity of this electrically small antenna is just 1.5.
However if the reduction in length is compensated by an impedance converting
network that is not band limited, and if the power received or radiated can be
amplified then that overcomes the limitations of the Hertzian dipole. There is a
certain class of electrically small antennas that use active elements for this kind of

compensation. These are called active antennas.

2.2.2. Active Antennas

Active antennas are electrically small antennas that have an active element at its
terminal in order to compensate the huge impedance leap caused by reducing the
length of a conventional antenna. In conventional antennas, the matching of high
antenna impedance is done using wideband matching networks which also give
maximum power transfer. These type of matching networks are generally made of
inductors and capacitors either lumped or transmission lines that are designed to give

such reactive impedances. The latter is preferred as the high frequency performance is
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better than that of the lumped components and also transmission lines have a higher Q
factor and accuracy than lumped components. However despite the advantages, the
matching networks are band limited as their electrical length varies as the frequency
changes. Therefore it is essential that the compensation for shortening the antenna
should be provided by something other than just passive components. This is where

the active antennas concept derives its motivation from.

The active element, generally an amplifier is built with high input impedance that
provides a huge frequency independent mismatch at the antenna terminals. This
effectively doubles the terminal because of the large reflection coefficient at the input
of the amplifier, contrary to the conventional matching networks that use matching
for maximum power transfer. In this way the active antenna functions more as an E-
field probe than as a power transformer. As long as the input impedance of the
amplifier is much greater than the impedance of the antenna, the characteristics of the

active antenna remain independent of frequency.

Active antennas overcome several of the shortcomings of traditional antennas. They
are almost frequency independent, in the sense that their bandwidth is dependent on
the amplifier rather than the radiating element. Most often a careful design of
amplifier can ensure a very broadband performance of the antenna. Same is the case
with the gain of the antenna which is also synthesized by the amplifier. Also since the

antenna is electrically small, the overall length is much lesser than the conventional
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antennas, and thus can be used in places where there is constraint on space. Another
added advantage is that radiating element need not be complex, a simple monopole/

dipole is enough to cover the entire frequency band required.

However the amplifier design is not simple, the main challenge being how to make
the amplifier with as low noise as possible since the presence of noise degrades the
system sensitivity. Also there exists a constant interference from jamming signals
operating in the same environment as the active antenna. This jamming signal, if very
strong, can saturate the amplifier and create undesirable non linear effects in the
system. Amplifiers generally have a natural propensity to oscillate, and to design an
amplifier that is stable at all frequencies is a non trivial task. However with if

designed with care the above problems can be solved effectively.

There are certain disadvantages of active antennas that one has to bear with, for
example: they need a dc power supply to operate. Also since they have an active
device at the antenna terminals, they are not reciprocal. That is they can either

transmit or receive, but not both as in conventional antennas.
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2.3. Development of Active Antennas:

Active antennas have been in existence since the 1960’s and have been improved
over the ages to a large extent. Some of the significant work towards the development
of active antennas was done by H.H Meinke and co-workers [4]. The motivation
behind their work was to design electrically small antenna elements and arrays which
have minimal mutual coupling and also have a broadband performance. The first
class of active antennas were integrated with the antenna itself, like using bipolar
transistor to obtain more capacitance and less impedance at the top end of a
monopole, as added capacitance increases effective length of the antenna. But this did
not help the bandwidth of the antennas so the effort shifted to having amplifiers at the
feed of the antenna, so as to amplify the signal without any RF losses. However it was
found that the sensitivity of the active antenna thus formed was less than its passive
counterpart as the amplifier increased the noise along with the signal [3]. This made
way for an improved amplifier design, which had acceptable bandwidth and noise
figures. Also most of the work done in this period was in the high frequency band
which is mostly limited by atmospheric noise so the amplifier noise figure was not as
important. The drawback of these investigations was that they were mostly
experimental and there were no predictions as such of the behavior of the active

antennas.
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In 1974 Wong gave a complete and thorough analysis of an active antenna involving
loop monopole analysis coupled with circuit analysis and noise equivalents of both
the monopole and the electronic circuit [5]. Then in 1978 Sainati et al [3] developed
an active antenna with a two stage amplifier that had FET in the first stage and a low
noise BJT in the second stage and analyzed the circuit in a less complicated fashion
than Wong, but used the same concepts and analyzed the noise performance of the
system and experimentally verified it The emphases in these designs were less noise
and more bandwidth even at the cost of transistor efficiency. The 1980°s saw a
marked improvement in the amplifier design part of active antennas while the
radiating elements were still the simple monopole linear wire or loop. The focus was
shifted to having a linear, noise-free antenna that can reproduce the received signal
with minimal distortion and contamination from intermodulation products. Multi-
stage design with overall negative feedback approach was used by Nordholt et al. [6]
for frequencies below 30 MHz. It was also suggested that with proper feedback at the
input and with a combination of series and shunt feedback at the output would
provide much more gain that can overcome the output losses, and minimize
distortion, thus making it useful even in areas that have strong interferers although

high gain causes stability problems in amplifiers.

The early 1990’s saw improvements the radiator element too with more planar

antenna designs like microstrip slotted antennas integrated with FET amplifiers [7].

At this point applications in the UHF, VHF and microwave regions also started
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applying active antennas for various automotive and wireless type applications. The
JFET amplifiers were being replaced by the more wideband and low noise
counterparts in GaAs FETs [8]. Grabherr et al. [17] used a GaAs FET amplifier
integrated with an aperture coupled microstrip antenna to obtain a bandwidth of 1.6
GHz with 10 GHz center frequency with a gain of 10 dB and noise figure of 3 dB.
Also Panton et al [9] proved that active antenna arrays are as good as passive arrays
in terms of gain and noise performance and also that they are more suitable for beam
steering type applications, as the active antennas have enough gain (variable too) to
overcome the losses caused by the insertion of phase shifters etc. in between the

elements for steering purposes

By the end of 90’s active antennas found more applications in the microwave/wireless
technology region, and researcher sought out more stable transistors than the GaAs
FETs, so SiGe HBT’s which have the same noise performance as GaAs FETs were
used instead [10]. Alternately, since FETs have a potential to oscillate due to
parasictics at UHF frequencies and above, Skahill et al [11] used negative impedance
components, popularly known as non-foster elements to achieve impedance
compensation for length reduction. However they talk about compensation in the

lower frequency range, which is not explicitly discussed.

By this point, there was a change of trend in the design of active antennas. The

emphasis was no longer on proof of concept but on optimizing the existing designs to
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suit a particular application. In the past few years, there have been many variations of
the active antennas and some of them have even been marketed for commercial use
such as TV antennas GPS receivers etc. Tan et al [16] developed low frequency radar
(LOFAR) that works from 10 MHz to 150 MHz and is used for radio astronomy that
employs active antenna arrays with beam steering as sensors for the radar. Fredrick et
al [12] describe the use of active antennas concept to lower the noise figure of a
transmitting system and also the antenna, a circular patch with a class F amplifier
integrated in it, helped in suppressing the harmonics of the system. Other unique
radiating elements such as the Quasi-yagi antenna was combined with two integrated
LNAs as a sensor for a monopulsed radar designed to operate at 5.5 GHz. The
authors add that this antenna could be used as two monopoles or a single dipole by
making minor modifications in the feed structure. Al Khatib et al [13] used
meandered lines on microstrip integrated with a small signal bipolar transistor
amplifier that operated at 315 MHz with 100 MHz bandwidth and noise figure of 2
dB for automotive applications. Circularly polarized short circuited ring antenna with
class E, 60 % efficient amplifier [14], stacked patch antennas with a broad band
amplifier for 1.6 to 2 GHz range [15] were amongst some of the designs that were

studied recently.

Whatever the application or design be, there are a set of standard performance criteria

that have to be followed like - low noise figure, sufficient gain so as to overcome the

system losses, oscillation free over all frequencies, linearity over the required
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frequency band, output compatibility, i.e. low output reflectivity, wide dynamic range

and lastly overload and static DC protection.

It was noted that the designs mentioned in the literature that operated within the
frequency range of our interest (UHF-VHF) used JFETs and had a noise figure above
3 dB. Other designs that had low noise figures used GaAs FETs and were designed
for operation in the microwave frequency range. It is also a well known fact that
GaAs FETs generally tend to oscillate when used in the lower frequency range of
their operation. Hence the main challenge in designing our active antennas was to use
GaAs FETs in the VHF-UHF range for good gain, bandwidth and noise figures and at

the same time maintain the stability of the amplifier through out the spectrum.
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Chapter 3:
Design and Simulations of Active Antenna

3.1 Design:

3.1.1 Requirements

As mentioned in chapter 1, the radar system for which this active antenna is being

designed for works from 100 MHz to 300 MHz. So to optimize the use of active

antennas as sensors for this radar system, the following performance criteria and

design parameters were chosen.

)

2)

3)

Oscillation free operation

Since the GaAs FETs are susceptible to oscillations. It is necessary that our
amplifier must be designed to be oscillation free over the entire spectrum.

Low noise figure (<3 dB)

Noise of the active antenna places a constraint on the minimum level of the signal
that can be detected [3]; hence the overall noise figure of the active antenna
should be as small as possible.

Good power gain

Gain bandwidth of an amplifier specifies the maximum possible value for the
product of gain and bandwidth. The quantity is a constant from which the highest
gain for a given bandwidth can be inferred. High gains thus have reduced

bandwidth, so that the gain bandwidth product is a constant. Also high gains lead
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to oscillations. Thus a nominal gain that can overcome system losses and ensures
oscillation free performance has to be chosen.

4) Low distortion level even in presence of strong jammers/interferers

There exist other transmitters operating in the same environment and same
frequency band. The amplifier design should consider saturation from these
transmitters (jammers) as this leads to signal distortion. The amplifier should be
able to take at least -20 dBm of jammer signal without degrading the system

sensitivity. The active antenna amplifier should have a wide dynamic range.

Apart from the above, there are some general specifications that have to be followed

like high input impedance with low input capacitance (at least less than the antenna

element capacitance) and output impedance of 50 Q.

3.1.2 Basis of Design:

The design of our active antenna was based on the work done by Sainati and
Fessenden [3]. Their design was, in turn, based on the work done by H.H. Meinke [4]
and analysis done by Wong [5]. Their active antenna worked from 10 kHz to 500
MHz with 4 dB gain and over 10 dB of noise figure above 100 MHz and above 30 dB
at lower frequencies [3]. Figure 3.1 shows their circuit reproduced by us in ADS.
They used a JFET transistor in the first stage and a low noise RF amplifier (GPD-
462) in the second stage. High noise figure at lower frequencies was perhaps

acceptable due to the high atmospheric noise, and gain was low despite the two
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stages. Our design follows the same basic circuitry but with GaAs FET in place of the

JFET for low noise figure, better gain and bandwidth.
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Figure 3.1: Circuit of active antenna amplifier designed by Sainati and Fessenden [3].

3.1.3 Design Evolution:

The active antenna design, while based on the above circuit, went through a number
of refinements and modifications before being finalized for use outside the lab. This
section will walk through the description of each version briefly and specify the

drawbacks of each of them and why a newer version was built.

The first version was a very basic version which had used a GaAs FET in place of

Sainati’s U311 and had a low noise op-amp instead of the GPD-462. Bias resistor
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values were changed accordingly. This circuit however turned out to be a highly

unstable design and showed oscillations at 5 GHz frequency.

The next version used a JFET, a more stable component than GaAs FET, in the first
stage and an op-amp in the next. Also discrete components like combination of
inductors and capacitors at the output of the second stage and at the drain of the FET
were replaced by bias-tees. This resulted in very good gain but just 100 MHz of
bandwidth. Through lab experiments, it was found that the ferrite core in the bias-tee
was behaving resistively beyond 150 MHz, so was not suitable to replace the inductor

at the drain of the FET. Also using a JFET resulted in the noise figure above 10 dB.

The third version went back to the GaAs FET and through lab experiments it was
found that by inserting a small capacitance between the drain and source, oscillations
can be reduced. However there was still a limitation in bandwidth and this was
because of the feedback capacitor at the op-amp that was used to suppress the
spurious peak generated by the biasing network of the op-amp. So a minor
modification was made to the board and a voltage divider from the drain was used to
give the required bias voltage to the op-amp instead of inductors and resistors. This
however drew a lot of current, 110 mA to be precise. Also simulations revealed that
the op-amp saturates before the FET, so the final version, has just a single stage GaAs

FET amplifier with a voltage divider on the output side that makes it compatible with
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any 50 Q system that follows it. Detailed description of this version, the components

used in it and the analysis of its performance is discussed in the following sections.

3.1.4 Circuit Description:

The final version of the active antenna amplifier is shown in the figure 3.2 below. The
amplifier has a GaAs FET (NE34018) that works from 0.1 GHz to 6 GHz, in a

common source configuration.
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Figure 3.2 : Circuit Schematic of our active antenna

------ - Input Section —— - Main Section

--------------- - Output section — - Power Filtering Section
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The circuit has two ports, the antenna port and the RF output port. DC power is
brought in through an external bias-tee that is connected to the RF port. It is then
passed through the DC path of the internal bias tee and through the power filtering
section that consists of a diode and a set of capacitors that form a low pass filter. The
capacitors used on the board need to have a self resonant frequency (SRF) greater
than the upper limit of the desired frequency band. Since it is difficult to obtain
capacitors of high SRF and high capacitance, a high SRF small capacitance (0.1 pF,
40 GHz) was placed in parallel with the low SRF (47 pF, 10 MHz) ones make the

combination a high SRF capacitor.

The filtered DC is then passed to two points - the resistor R3 (75 kQ) in the input
section and the inductor in the main section. Resistor R, (549 kQ) along with Rj
forms a voltage divider bias for the FET. There are two criteria for selecting the value
of R,. The primary being operation of FET close to saturation so that maximum gain
can be obtained while maintaining the FET in reverse bias mode. The second being
stability of the amplifier. It was found experimentally that the value of resistor R,
either adds or reduces the input stability of the amplifier. Based on this, a value of
549 kQ was chosen. The RF signal received from the antenna connected to the
antenna port, travels past the limiter diode through capacitor Cy the former is for
protecting the FET against any static DC entering through input port. The latter is
also for blocking DC. Since limiter diode, the input capacitance of the FET and the 1-

MQ resistor determines the input impedance, it is essential the limiter diode and the
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FET have very low inherent capacitance. HSMP-3822 diode has a capacitance of 0.8

pF and the FET has 2.2 pF.

The main section consists of the FET itself with a capacitor Cpl connecting the
source to the drain to provide stability. Value of the capacitor 0.2 pF was determined
experimentally and this capacitor works up to 8 GHz. Since the FET is in a common
source configuration, the source is connected to ground through a parallel
combination of a 750 Q resistor and a 0.1 pF bypass capacitor, as was in Sainati’s
design. The only extra part included was a provision for a source feedback resistor in

case of instability.

The drain of the FET is connected to DC supply through an inductor that isolates the
RF signals from seeing the DC power section, but has also one other purpose — it
determines the lower frequency limit of the amplifier. Increasing the inductor value
increases the lower operating frequency limit. A value of 470 nH was chosen to give
a lower limit frequency response of 30 MHz. The SRF of this inductor is 550 MHz
which is higher than the maximum frequency of interest. The load section of the
amplifier has a voltage divider formed by Rs (88.7 Q) and Rg (50 Q). This ensures
that the FET sees a total of 138.7 Q, but still has output compatibility to a 50 Q
system. Resistor Rg is fixed to 50 Q but Rs can be varied depending on the gain
needed decreasing the value of Rs increases the gain of the amplifier. However the

stability of that amplifier has to be considered, while altering the resistor value high
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gain value tends to make the amplifier unstable. An optimum value of 88.7 Q was
chosen that gives a gain of over 7 dB and also maintains stability over the entire
spectrum. The signals are finally taken out through the RF path of both the internal

and external bias tees into the rest of the receiver section.

3.1.5 Antenna Element Description:

The requirements of the antenna element were not as stringent as on the amplifier.
The antenna element that Sainati and Fessenden [3] used for their amplifier was a
monopole wire antenna - the most tried and tested element, next being the dipole. So
the only choice of radiating elements was between monopole and dipole. The
monopole was chosen over dipole because the amplifier design was much more
complicated for a dipole as it had to be in a push-pull type configuration, or a cascode
double stage. But given the constraint of stability, double stage designs were more
complex to implement and debug, so our design adopted the monopole as the

radiating element.

There was however a small variation made in the structure. The monopole was loaded
capacitively as indicated by figure 3.3 by including a rectangular patch at the end.
The monopole had to be electrically small in length so a value of 4.5”, which is < A/8
at 300 MHz, was chosen. Another variation was the antenna was made a PCB antenna

unlike the wire that Sainati and Fessenden [3] used.
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Figure 3.3: Capacitively loaded 4.5 monopole antenna

3.2 Simulations:

To get a more definite idea of what the gain, bandwidth, noise figure and saturation
levels of the amplifier are, the circuit design was simulated using various CAD tools
including Cadence’s Pspice, Agilent’s Advanced Design System (ADS) and Applied
Wave Research’s Microwave Office (MWO). Components are modeled in different
ways in each of the software packages. Model Accuracy depends on their complexity.
Pspice uses spice model for the FET which is based on the non linear model of the
FET as given in the datasheet. ADS and Microwave office models are more complex,
and Microwave office uses vendor models which can be obtained from its xml
libraries while ADS use some parameter entry models where the required model

parameters can be found in the product datasheet.

3.2.1 Simulation Models

Antenna:

According to Sainati and Fessenden, the Thevenin equivalent circuit of a monopole
can be represented by Figure 3.4 that is, a resistance and a capacitance in series. The
resistance value is given by 25 Q and the capacitance was measured to be 10 pF. This

equivalent circuit was used to theoretically determine the noise figure of the active
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antenna, i.e., antenna with the high impedance amplifier. Some of the initial

simulations also involved the equivalent circuit.

Ra=25Q Ca=10pF

@)

Figure 3.4: Equivalent circuit of a monopole antenna
FET:

Major part of the simulation was done in ADS and MWO. Due to the lack of a ready
to use vendor model for the GaAs FET in Pspice an equivalent model NE325S01 was
used, however the software does not have the provision to include transmission line
models in simulation so ADS was used to simulate the circuit with and without the
transmission lines to find the actual performance. ADS TOM — ‘Triquint scalable
GaAsFET’ model with user-parameter entry was used to model the FET, as suggested
by the vendor. The results obtained in ADS were cross-checked using the model in

MWO. The FET models used in Pspice and ADS are shown in Figure 3.5.
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Figure3.5 (a) ADS TOM model
Inductors:

Inductor L1 in the main section of the circuit was modeled using its S-parameter data
available from the vendor in ADS and MWO. The other inductor in the circuit is a
part of the internal bias-tee TCBT-2R5G. S-parameter measurement of the bias-tee

alone were made to model the inductor in its DC path. The following equivalent
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(b) Pspice model

circuit was then formed to match the measurement results.

PRLC
PRLC3
R=1800 Ohm
L=18 uH
C=0.15 pF

Figure 3.6: Equivalent model for DC path of the bias-tee.
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Limiter diode:
Limiter diode was modeled as its equivalent circuit obtained from the vendor, a

resistance of 1.5 Q in series with a 0.8 pF to ground.

CLim
C=0.8 pF

RLim
R=1.5 Ohn

Figure 3.7: Equivalent model for DC path of the bias-tee.
Capcitors:

Models for capacitors Cy and C,; were obtained from the vendor libraries of ADS and
MWO, but for simulation in PSpice all the capacitors were modeled as ideal. A
capacitor value of 950 pF in the internal bias-tee was determined from the test
measurement results. The 0.1 uF capacitors did not have any specific vendor model,

hence they were modeled as ideal.

Apart from these models the rest of the components were modeled as ideal

components.

3.2.2 Amplifier Simulations

Using the above models, the amplifier circuit was simulated and analyzed to get a
clearer picture of the gain, bandwidth, noise figure, stability, saturation, power
consumption, etc. The initial simulations in Pspice were inconclusive as they did not

include transmission line effects but are included in this section to show the
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significance of including transmission line effects and non-ideal inductors and

capacitors.

DC analysis:

The first simulation setup analyzed the circuit’s DC state to see branch currents is
being drawn and the voltages at each node especially FET’s gate-to-source voltage
(Vgs) which is essential to see if the FET is being operated in reverse bias, close to
saturation . Knowledge of the power dissipation at the resistors can prove useful
while selecting appropriate sizes for implementation. Also the current drawn can tell

the expected overall power consumption of the amplifier.
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Figure 3.8: DC annotation of active antenna amplifier from all software packages
Legend: Pspice: bold, ADS: normal, MWO: italicized.

The parameters of interest are summarized in table 3.1. The results indicate that the

FET is operating as expected close to saturation. The overall power is around 0.29 W
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and the gate current is very low, which means that the FET is reverse biased as

expected.

Table 3.1: Summary of results

Current Drawn Power Consumption Leakage from Gate
Software | Vgs (V) (mA) (W) (mA)
Pspice -0.3 13.5 0.162 no leakage indicated
ADS -0.36 13.8 0.165 no leakage indicated
MWO -0.4 14.5 0.174 0.0004

Gain and Bandwidth:

As mentioned before, amplifier gain in addition to the antenna gain which is about 1.5
for a electrically small monopole, gives the gain of the active antenna. The bandwidth
is dependent on two factors the mismatch between amplifier and antenna impedance,
and the bandwidth of the amplifier itself. Hence the active antenna gain and

bandwidth depend mostly on amplifier gain and bandwidth and input impedance.

Gain simulations were done using two simulation setups, AC simulation and S-
parameter simulation. In AC setup the input section of the circuit is connected to an
AC source with a fixed voltage level and the frequency is a variable parameter can be
swept across the required range. The input and output voltages are recorded and then

gain is calculated.
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The

ADS can do both. MWO was used

Simulated Gain in Pspice

S-parameter setup works exactly like a network analyzer, the input and output

sections are connected to ‘ports’. The circuit then is treated as a two port device and
parameter Sy; determines the gain of the amplifier. The added advantage with this

setup is that along with gain, stability of the amplifier can be monitored too, and the

the setup allows the user to sweep the S-parameters across frequencies.
only for cross-checking the results from ADS so only S-parameter analysis was

circuit can include transmission lines used in the layout design.
performed on it. The results from each of the software are presented below.

Pspice is limited to AC analysis alone where as
Pspice: AC simulation with input voltage of 1 nV.

Results

Py |

(gp) ures

Figure: 3.9 Simulated Gain of active antenna amplifier from Pspice
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ADS: AC simulation with input voltage 1 nV

Simulated Gain of Active antenna without transmission line model
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Figure: 3.10 Simulated gain of active antenna amplifier without transmission lines from ADS

ADS: S-parameter simulation with 50-ohm ports on input and output side.

Simulated Gain of Active antenna with transmission lines
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Figure 3.11: Simulated gain of active antenna amplifier with transmission lines from ADS
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MWO: S-parameter simulation with -40 dBm input and 50 ohm ports on either side.
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Figure 3.12: Simulated gain of active antenna amplifier with transmission lines from MWO

Table 3.2: Summary of results of gain simulation:

Cut off
3-dB Center frequencies
Software Model Peak gain bandwidth frequency (MHz)
(dB) (MHz) (MHz) lower | upper
without
Pspice transmission
lines 9.8 9980 400 20 1000
without
transmission
lines 17.4 2540.5 275 29.5 | 2570
ADS with
transmission
lines 10.27 591.8 131 25.2 | 617
with
MWO transmission
lines 7.95 550.61 130 27.4 | 578
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It can be seen from table 3.2 that there are two factors that affect the gain and
bandwidth of the amplifier — the component model and the inclusion of transmission
lines in the circuit model. Pspice uses ideal components and does not model
transmission lines and hence the simulated gain and bandwidth are high. The ADS
model without transmission lines also shows high gain and 2.5 GHz of bandwidth,
but with the inclusion of non-ideal components and transmission lines, the bandwidth
is reduced to 590 MHz. However ADS and MWO are within 40 MHz agreement in
bandwidth and 3 dB in gain. Since the MWO model of the FET is direct vendor

product, the bandwidth thus observed is assumed to be more precise.

Input Impedance:
The S-parameter simulation also gives the S;; parameter which can be converted to

Zyusing Z,, =Z,(1+S,,)/(1-S,,) the impedance plot of the amplifier is shown in

figure 3.12. It can be seen that the amplifier impedance is around 366 Q in
magnitude, and the imaginary part which is representative of the reactive part of the
impedance looks predominantly negative, means capacitive, also the corresponding
capacitance at 150 MHz as indicated by the pointer in figure 3.12 is 2.8 pF and the
magnitude of input impedance is 366 Q). However it is not clearly known why the real
part of the input impedance shows a low value of 21 Q rather than 1 M Q according

to theory.
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Input Impedance of the active antenna amplfier
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Figure 3.13: Input Impedance of active antenna amplifier from ADS

Stability:
Stability of an amplifier is important for any application. Stability can be determined
from the S-parameters obtained from the previous S-parameter simulation setup using

the following formula:

_ 1—|S”|2 _|522|2 +|A|2 _ 3
K= 2|812821| where A=S5,,S,, -S,,S,,

For an amplifier to be unconditionally stable, factor K should be >1 and |A| should be
<1. These factors however show only whether or not the amplifier is
‘unconditionally’ stable, meaning that it does reflect that there could be oscillations at
those frequencies, only under certain conditions, but the factors do not give the
conditions under which the device is unstable . To know these load and source

conditions, stability circles are plotted. The Input and Output stability circles can
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show for what load conditions or source conditions the amplifier goes into

oscillations. The following figures give both the stability factor and stability circles.

Results:
ADS: Stability Analysis - K factor
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= 5| 1//7 N 0
g mY freq=122.3MHz
8 o) StabFact1=1.082
z |
2]
X 10
—15 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 1 2 3 4 5 6
Frequency (GHz)

Figure 3.14: Stability factor K of active antenna amplifier from ADS
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Figure 3.15: Stability factor |A| of active antenna amplifier from ADS

It can be seen that the K factor is less than 1 for frequencies below 122 MHz. So the

stability circles for those set of frequencies were plotted.
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Figure 3.16 (a) Load stability circles for the active antenna amplifier for frequencies 10 to 150 MHz
(b) Source stability circles for the active antenna amplifier for frequencies 10 to 150 MHz

It can be seen from figures 3.15(a) and (b) that if the amplifier sees capacitive load,
that can make the amplifier oscillate and sources that are near to open and inductive
make the amplifier oscillate, but in our situation the source that the amplifier sees is
the antenna element which is capacitive in nature which falls outside the stability

circles and the impedance that is offered as load to the amplifier is nothing but the

51



input impedance of the radar system that follows it, which is 50 Q. Hence we can be

sure that the amplifier is oscillation free.

Noise Figure:

Even with no input, there is a small amount of voltage that can be measured at the
output which can be distributed over the bandwidth, this is amplifier noise power.
Noise Figure is a quantitative description of a noisy microwave amplifier and is given
by the ratio of input signal to noise ratio to the output signal to noise ratio and most of
the CAD tools that are used for circuit simulations use the same formula to calculate
noise figure. Pspice does AC simulations to find out the input and output signal to
noise ratios and then noise figure is calculated from that information. However in
ADS and MWO the circuit is treated a noisy two port network [18] and have built in
functions that calculate the noise figure and present it in dB. The following graphs

show the simulated noise figure of the active antenna.

Noise Figure (dB)

Figure 3.17: Simulated noise figure and SNR
of active antenna amplifier from Pspice

Frequency (Hz)
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ADS:

MWO:

Simulated Noise Figure of Active antenna amplifier
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Figure 3.18: Simulated noise figure of active antenna amplifier fromADS
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Figure 3.19: Simulated noise figure of active antenna amplifier from MWO
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Table: 3.3 Summary of results

Software Average Noise Range
Figure (dB) Lower upper
Pspice 2.9 2.7dB 4 dB
ADS 0.9 0.83dB 1.2dB
MWO 0.85 0.85dB 1.12dB

GaAs FETs are generally very low noise devices; the typical noise figure is around

0.6 dB, thus making the overall amplifier noise low.

Saturation:

As mentioned before, the presence of strong signals in the same environment as that
of the operation of the active antenna can saturate the amplifier and thus result in
degradation of signal-to-noise ratio. This effect was simulated using transient
simulation in ADS and Pspice with two sinusoids coupled into the input of the
amplifier, one for strong interferer and one for desired signal, and the power level of
interferer at which the amplifier shows significant harmonics with degradation in
noise floor, was termed as the saturation point for the amplifier. In MWO harmonic
balance simulation was performed to see the saturation and gain compression due to
saturation. For simulations that involve a jammer signal, the amplitude of the
interfering signal is progressively increased, and for each level, two types of

simulations are done. One with decreasing desired signal amplitude, which gives an

54



estimate of the minimum detectable signal i.e. lowest signal amplitude that can be
detected given the SNR degradation due to jammer presence. Typically, low levels of
jammer do not affect the noise floor but as the jammer amplitude increases, the noise
floor is also raised, thus decreasing the sensitivity of the amplifier. The second of the
tests is increasing the desired signal amplitude in steps to a level that can saturate the
amplifier. This way four scenarios can be studied: strong jammer—strong signal,
strong jammer-weak signal, weak jammer — weak signal, weak jammer — strong
signal. But before simulating circuit performance in presence of an interfering signal,
the circuit was also simulated with a single input source to know what the dynamic

range of the amplifier is.

Table 3.4 gives a summary of results from ADS saturation simulation for amplifier
performance without a jammer and Table 3.5 gives the results for simulation with a
jammer. Also the figures that follow give an idea of the effect of high input power

levels and high jammer power levels on the sensitivity of the amplifier.

Setup 1: Without Jammer:
Input Signal frequency: 150 MHz
Input Signal power level: variable between -105 dBm to -10 dBm

Noise BW: 1 kHz
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Figure 3.20: ADS simulations (a) Input signal: -60 dBm (b) Input signal: -40 dBm (c) Input signal: -20
dBm
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3.4: Saturation simulation summary of results for circuit performance without jammer

Desired signal SNR Harmonic level
level (dBm) Noise Floor (dB) (dB) (dBm) Gain
input | output
Minimum Detectable Signal (MDS)
-70 -61.29 -140.7 79.41 - 8.71
-80 -71.29 -140.2 68.91 - 8.71
-90 -81.29 -142.97 61.68 - 8.71
-100 -90.25 -140.7 50.45 - 8.71
-120 -111 -140.7 29.7 - 9
-130 -121.29 -140.7 19.41 8.71
-140 -131.29 -140.7 9.41 8.71
Saturation and Harmonics
-60 -51.29 -140.2 88.91 -118.2 8.71
-50 -41.29 -130.07 88.78 -108.1 8.71
-40 -31.29 -119.04 87.75 -87.7 8.71
-30 -21.3 -109.8 88.5 -67.64 8.7
-20 -11.37 -100.5 89.13 -49.09 8.63
-15 -7.3 -95.3 88.24 -31.32 7.7
-10 -6.12 -91.5 85.38 -20.73 3.88

It can be seen from both the figures and the table that as the input power increases,

the signal to noise ratio decreases and the harmonic level increases, if saturation point

can be defined as point when the harmonic level reaches up to 20 dB below the

fundamental level and the gain drops by 1 dB, then looking at the table it can be said

that saturation occurs at -15 dB.

Minimum Detectable Signal (MDS) is defined to be the lowest possible signal that

can be detected before it gets submerged into the noise floor. To find the minimum

detectable signal the input level is decreased till it can no longer be seen in the

spectrum. MDS for the amplifier is -140 dBm.
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By these results, we can say that the dynamic range of the amplifier is 125 dB i.e.

from -15 dBm to -140 dBm.

Setup 2:

Interference signal frequency: 100 MHz ,

Interference signal power level: variable, in increasing steps
Desired signal frequency: 150 MHz

Desired signal power level: -60 dBm.

Noise BW: 1 kHz

The plots that follow show the effect of various levels of interference signal on a -60

dBm desired signal.
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Figure 3.21: ADS saturation simulation results (a) jammer at -60 dBm (b) jammer at -40 dBm (c)

jammer at -20dbm
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Table: 3.4(b): Saturation Simulation — Summary of results.

Jammer Level Desired signal level Noise Harmonic level
(dBm) (dBm) floor SNR (dBm)
Input | output input | output (dB) (dB) harml | harm?2
Minimum Detectable Signal

-60 -51.07 -60 -51.29 -134.6 -83.31 - -
-80 -71.29 -134.6 -63.31 - -
-100 -91.29 -134.6 -43.31 - -
-120 -111.29 -134.6 -23.31 - -
-130 -121.29 -134.6 -13.31
-134 -125.29 -134.6 -9.31 - -
Saturation and Harmonics
-60 -49.8 -40 -31.29 -114 82.71 -93 -87.73
-20 -11.8 -94 82.2 -73.31 -49.07
-15 -7.49 -84 76.51 -64.71 -31.32
Minimum Detactable Signal
-40 -31.07 -60 -51.29 -115 63.71 -85.4 -101.45
-80 -71.29 -115 43.71 -87.01 -103.24
-100 -91.29 -115 23.71 -87.01 -111.9
-115 -106.29 -115 8.71 -87.01 -
Saturation and Harmonics
-40 -31.07 -40 -31.29 -95.36 64.07 -80.44 -91.31
-20 -11.86 -75.36 63.5 -58.28 -49.14
-15 -7.45 -64.71 57.26 -48.36 -32.28
Minimum Detactable Signal
-20 -11.17 -60 -51.8 -96.12 44.32 -47.4 -58.41
-80 -71.8 -96.12 24.32 -47.4 -58.41
-95 -86.8 -96.12 9.32 -47.4 -58.41
Saturation and Harmonics
-20 -11.17 -40 -31.99 -76.32 44.33 -45.58 -57.07
-20 -12.29 -56.32 44.03 -34 -38
-15 -7.94 -46.32 -38.38 -27.4 -32.5

Note: there were other peaks at 50 MHz, 250 MHz and 350 MHz when the jammer

level goes up to -20 dBm; they are at a lower level than the harmonics mentioned in

the table hence were not included.
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It can be seen from figures that as the jammer level is increased, the noise floor is also
raised as a result, the signal to noise ratio is degraded and at -20 dBm of jammer
level, the harmonics are huge, noise floor is raised quite a bit and also spurious peaks
appear at 50, 250 and 350 MHz which are significantly above the noise floor but
about 20 dB below the main harmonic. Thus -20 dB of jammer signal is the
maximum that the amplifier can afford. Also dynamic range for each of the levels

was computed and is shown below:

1. Dynamic range with jammer at -60 dB : 119 dB (-15 dBm to -134 dBm)
2. Dynamic range with jammer at -40 dB : 110 dB (-15 dBm to -115 dBm)

3. Dynamic range with jammer at -20 dB : 80 dB (-15 dBm to -95 dBm)

Any jammer above -20 dBm will saturate the amplifier and distorting the signals, thus
degrading the performance of the active antenna. It should however be kept in mind
that these results are raw results, i.e. no averaging or integration done on them, in
reality however, the radar data is averaged and integrated to reduce the noise floor
and increase the SNR, hence the MDS may actually be lower than what can be seen
through these simulation results.

Through the above mentioned simulations, the active antenna amplifier has been

completely characterized (theoretically).
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3.2.3 Antenna Simulations

Although the design of the active part of the active antenna is more complex than the
passive, both are equally responsible for the overall performance of the active
antenna, therefore to ensure optimal performance over the range of frequency, the
impedance of the radiating element of the active antenna should have impedance
lesser than that of the amplifier and greater capacitance. These are the only two
performance criteria for antenna design, apart from these, the antenna length should
be lesser than A/8 for the highest frequency of operation. A is 1 m at 300 MHz, so A/8
is 0.125 m or approximately 5”. As mentioned before, the monopole is loaded
capacitively using a rectangular copper patch this not just increases the capacitive
reactance but makes the current distribution in the monopole uniform and thus
increases the effective length of the antenna, while maintaining the physical size the
same. Increase in the capacitive patch also increases the radiation resistance of the
antenna. The antenna was simulated using Ansoft HFSS EM simulator. Increasing the
area of the rectangular patch increases the capacitance, but the length of the element
should be maintained at 5” so the variable parameters were the length and width of
the trace, and length and width of patch. These parameters were optimized to obtain
high input capacitance, impedance lower than that of the amplifier. The final design is

shown in fig: 3.21 The impedance plots are shown in fig: 3.22
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Figure 3.22: Dimensions of the monopole to be used with active antenna
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Figure 3.23 (a): Input Impedance (real, imaginary) of the monopole
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300.00

275.00|

Y1 —0—
mag(Z(WavePort1 W
Setup1 : Sweepi

250.00]

225.00]

X1=154.00MHz
Y1=212.19

mag(Z(WavePort1,WavePort1))

200.00]

175.00—|

150.00_]

100.

00

200,00

300.

400,00
Freq [MHz]

500!

00

600,00 700.00

Figure 3.23 (b): Input Impedance (magnitude) of the monopole

The capacitance corresponding to 150 MHz as calculated from the imaginary part of

the impedance plot is 6.24 pF, which is much more than the amplifier input

impedance, thus the design constraint has been met. Also the monopole is electrically

small up to 300 MHz hence acts as a Hertzian dipole, with gain and directivity of 1.5.

On completion of simulations for the active antenna, the amplifier board was

fabricated and tested in the lab to completely characterize it. The next chapter deals

with the implementation and measurement details of the antenna and the amplifier.
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Chapter 4:
Implementation and Measurement

4.1 Implementation

Implementation or realization of the circuit of the active antenna was done by first
designing a Printed Circuit Board (PCB) layout for them using Altium Designer, the
layout was then fabricated on an FR-4 microstrip board and then populated with
components. The layout for radiating element section of the active antenna was also
designed first in Altium Designer and then milled out on FR-4 substrate. The sub-

sections that follow will describe in detail each step involved in implementation

4.1.1 Implementation of active antenna amplifier

Altium Designer is software that enables the user to design a PCB layout given the
schematic of the circuit and the footprints of each component. The component
footprints were first placed and then connected using transmission lines of
appropriate characteristic impedance. A two-layer FR4 substrate was used. The top
layer has the components all of which are surface mount and the bottom layer is a

ground plane.

Core (20mil
Top Layer —

Bottom Layer —>

Fig 4.1: Layer stack up
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The thickness of the substrate along with the dielectric of the substrate and width of
the transmission line determines the characteristic impedance of the line. The formula

for calculating the impedance is given by

Z,= ﬂln[ﬁ%rﬂJforﬂsl
W 4d d

- 1207 for W/d>1

Jer W +1.393+0.667InW /d +1.444)

Where W is the width of transmission line and d is the substrate thickness. Increase in
substrate thickness increases the width of transmission line for certain characteristic
impedance. The substrate thickness was thus chosen to be as thin as 20 mils so that

the traces also can be thin.

The RF path, i.e. the path through which the RF signal passes shown highlighted in
figure 4.2, is kept as straight as possible and the transmission lines were made as thin
as possible (7 mils) to provide a high impedance. The DC chain and the lines

connected to Rg were 50 Q hence had a greater width (34 mils).

Since the RF path had to be kept straight, it was necessary to run a trace beneath the

diode D1. This however was safe as there was no metallization beneath the diode.
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The lines connecting the inductor L1 had to be as thin as possible and short, to behave

inductively.

Active Antenna
CReSIS, KU

Figure 4.2: PCB layout for active antenna amplifier.
The top layer was filled with copper connected to ground with 75 mils clearance from
the rest of the traces that carry signal. This provides shielding from Electromagnetic
Interference (EMI). Also the ground fill was lined with ground vias to enable shortest
path to ground for the signals, thus avoiding large ground loops. Holes on all four
corners provide mechanical mounting support for the board. The final fabricated and
populated board with silk screen and solder mask is shown and the populated board is
shown in fig 4.3. The board dimensions are 2” x 1.5” x 0.02”.

L L e e e
Ilfn];fmmlrrzlg] I”| |m| |311 lp| i 3sl 3«\

L 9 < 14
'.l.l.h’.l.lm il .|.|,!,;, .|‘|.|.1.1.!.|. :

Figure 4.3: populated board of active antenna amplifier
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4.1.2 Implementation of monopole antenna

The layout design for the antenna element was also done using Altium Designer. The
dimensions were extracted from Ansoft HFSS and the design was milled on a one
sided copper coated, 64 mils thick FR4 substrate. The thickness does not matter much
in this case as there is no ground plane on the bottom layer, hence the question of
characteristic impedance of line does not come into picture. The dimensions of the
board are 5.2”x 3.5” x 0.064”. Figure 4.5(a) shows the layout and figure 4.5 (b)

shows the milled out antenna. The trace width is 50 mils with 2” length and the

capacitive patch is 3.2” x 3.5”.
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Figure 4.4: (a) Layout of monopole antenna with éapacitive patch; (b) Final antenna after milling

68



4.2 Measurements

After simulation and implementation, the next step in the design cycle of any device
is testing. Simulations provide a virtual environment and equivalent models to
evaluate the circuit. There are several methods to make it as ‘real’ as possible by
adding transmission line models and also using vendor models rather than ideal ones,
but it is possible to do that only to a certain extent, hence it is essential that the circuit
be measured in the lab before it can be used in field. Even though the parameters of
interest are the same, i.e. gain, bandwidth, impedance, stability, saturation etc. the
method in which each parameter is measured is different. The following sections will
deal with the measurement setup for each of the parameter measurements and the
results obtained followed by an analysis that compares the measured and simulated

results.

4.2.1 DC Probing:

The setup for DC analysis was simple RF port was connected to the external bias-tee
(Mini-Circuits ZNBT-60-1W), and the antenna port was left open. Each of the node
voltages were measured using a multi-meter and were noted. The parameters of
interest were Vg, current drawn, gate leakage and power consumed. The measured

results are given in table 4.1
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Table 4.1 : DC analysis measurement results

Vs Gate leakage current | Current drawn Power consumed
-1.58V 0.76 pA 14 mA 0.168 W @ 12V
Analysis:

The measured results show that the FET operates at -1.58 V of gate-to-source voltage,
meaning that the FET is operating in reverse bias, but not as close to saturation as
simulations show. However the other parameters almost match, the gate leakage is
0.76 pA as compared to 0.4 pA from simulation in MWO. The current drawn and the

power consumed also match simulation results.

4.2.2 Stability

An amplifier is said to oscillate when there is an output signal output without any
input. This can be verified by checking the amplifier output in the spectrum analyzer
without any input on the antenna port. There are three conditions in which this can be
done. One is to terminate the input with a 50-Q load, then with the input port left
open and finally with the antenna connected to the amplifier input. If the noise floor
of the spectrum analyzer alone is seen, without any strong peaks then the amplifier is
stable and oscillation free, else if there exist any peaks, that cannot be accounted for,
i.e. when the antenna is connected to the amplifier and the output is observed, peaks
at the lower frequency end can be observed which are either TV signals or other radio
signals. Apart from these signals if there are peaks that cannot be accounted for then

it means that he amplifier is oscillating.
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Test Setup:

Antenna port

: RF port
Active Lp/ |/ Analyzer
Antenna 7
Amplifier

Spectrum

Figure 4.5: Setup for oscillation test

Set up: (left to right) : 50 ohm load / open/ antenna = antenna port of active

antenna—>RF port > N-type male/ SMA male-> bias-tee(ZNBT-60-1W) RF+DC port >
RF port of bias-tee > N-type female/SMA male-> Astrolab 24TC cable—> Db block (MCC
15542) - Spectrum Analyzer Agilent E4407B. DC port of bias-tee > DC power supply

(12V).
Results:
Oscillation Test - AA output
a
Frequency (MHz)
Figure: 4.6: Measured spectral output from oscillation test
Analysis:

The spectrum analyzer works from 9 kHz to 22 GHz and as seen from figure 4.6 only

noise floor is visible and no other peaks for both open and terminated conditions
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unlike the previous design versions of the active antenna amplifier that showed
oscillations at 5.14 GHz and for the antenna attached to the amplifier only known
signals are received and no spurious peaks. Hence the amplifier is stable throughout

the spectrum.

4.2.3 Gain and Bandwidth:
The gain and bandwidth of amplifier can be found from the S,; parameter measured

versus frequency using a network analyzer. The measurement setup is given in figure

4.7.

Network Analyzer

P1 P2

A O

Active
A Antenna R

Amnlifier

Figure: 4.7 Test setup for S-parameter measurements

Set up: (left to right) : Network Analyzer port 1 - Astrolab 24TC cable - antenna port
of active antenna—> RF port = N-type male/ SMA male - bias-tee(ZNBT-60-1W)
RF+DC port >RF port of bias-tee = type N female/SMA male—> Astrolab 24TC cable—>
NA port 2. DC port of bias-tee 2 DC power supply (12V).

The network analyzer was calibrated for the following settings:
Input power: -30 dBm

Start frequency: 10 MHz
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Stop frequency: 500 MHz
Number of points: 1601
Number of averages: 5

Cable length: 24”

Results:
S Parameter measurement of Active amplifier - S21

o

hE2

—

N

%]

Frequency (MHz)
Figure 4.8: Measured gain of active antenna amplifier

Analysis:

Figure 4.8 shows the frequency response of the S,; parameter in dB scale. The peak
gain of the amplifier is 7.75 dB at 90 MHz and the 3-dB cut off frequencies are nearly
20 MHz and 456 MHz. The difference of the two gives us the bandwidth of the
amplifier which is 436 MHz and is within our frequency range (100 to 300 MHz) but
it does not match the simulation results that predicted a 550-MHz bandwidth. The

probable reason for the mismatch in the values obtained in simulation and measured
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results is inaccuracy of the models used. The 0.1-pF capacitors used extensively in
the circuit are modeled as ideal as the vendor model was unavailable. This was also
the case with the limiter diode which was modeled as an equivalent circuit based on
the description given in the datasheet. Also in ADS the FET model was a user defined
model again based on the parameters mentioned in the data sheet but the MWO
model was a vendor model. It can be seen that the MWO results are a closer match to

measured results.

4.2.4 Input and output impedance:

The setup used for gain and bandwidth measurements can be used for S;; and S»;
measurements. The Si; can be then converted to Zy; using Z,, =Z,(1+S,,)/(1-S,,)

to find out the input impedance. The graphs plotted below show the input impedance

of the amplifier.

S Parameter measurement of Active amplifier - S11

S11 (dB)

| | | | | |
| | | | | |
| | | | | |
1 1 1 1 1 1
50 100 150 200 250 300 350 400 450 500
Frequency (MHz)

Figure 4.9: S| measured from Network Analyzer
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INPUT IMPEDENCE

Input Impedance with Limiter Diode
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Figure 4.10: (a) Input impedance with limiter diode (b) Input impedance without limiter diode

Analysis

As seen from figure 4.9 the input impedance is high, yielding an S;; value ranging
from 0 to -2 dB as expected. The plots shown in figure 4.10 (a) show the input
impedance calculated from the measured S;;. As predicted, the measured results show
predominantly capacitive input impedance and the capacitance is nearly 5.5 pF with
the limiter diode. This was higher than what was predicted in the simulations. The
same test was repeated without the limiter diode and figure 4.10(b) shows the input
impedance of the circuit without the limiter diode. The capacitance corresponding to
this impedance was 3.92 pF thus showing a difference of 1.58 pF. It can be thus
concluded that the limiter diode adds 1.58 pF of capacitance as opposed to 0.8 pF as
mentioned in the datasheet. Also the board itself without any populated components
was tested and was found to have nearly 2 pF of capacitance. Thus increasing the
overall input capacitance of the amplifier, however this was less than the capacitance

of the antenna which is 6.4 pF, thus not affecting the overall bandwidth of the active
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antenna. The limiter diode can be removed in order to gain bandwidth, but this
decrease in input capacitance was found to make the amplifier oscillate in some but

not all of the prototypes hence that possibility was ruled out.

Output impedance of the amplifier can be calculated from the S, parameter measured
using the network analyzer. Figure 4.11 shows the S,, plotted versus frequency and it
can be seen that it is less than -10 dB over the entire bandwidth. This translates to the

return loss of the active antenna, which indicates a good match to a 50-ohm system.

S Parameter measurement of active amplifier- S22
T T

S22 (dB)

| | | |
| | | |
1 1 1 1
50 100 150 200 250 300 350 400 450 500
Frequency (MHz)

Figure: 4.11 Sy, measured in network analyzer.

4.2.5 Noise Figure:
Noise figure measurement of the amplifier was done by observing the increase in
noise floor when active amplifier is connected to the spectrum analyzer. However the

noise figure of the spectrum analyzer is generally high and the rise in noise floor
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cannot be seen. Hence it is necessary that the noise power offered by the active
antenna amplifier be amplified above the noise floor of the spectrum analyzer to
correctly estimate the noise figure. This can be done using a 50 dB, low noise
amplifier that has sufficient gain to overcome the noise level of the spectrum
analyzer. The test setups are shown in figures 4.12 (a) and 4.12 (b).

15V

Miteq
50 ohm ¥ AU -1447 » Spectrum analyzer

50 dB amp

Setup: left to right: 50 ohm load—> Miteq amplifier (AU-1447) - Mini-bend cable> DC
block (MCL 15542) - SA (Agilent E4407B). Also AU-1447 is connected to 15 V dc supply.

Figure 4.12 (a): Setup 1: Noise floor measurement with 50-dB amplifier

12V 15V
Active l Miteq
50 ohm A :ntell_lfl_la R|—» AU -1447 » Spectrum analyzer
mprner 50 dB amp

Setup: left to right: 50 ohm load—> Antenna port of active antenna amplifier - RF port of
active antenna amplifier 2 input of Miteq amplifier (AU-1447)> Mini-bend cable - DC
block (MCL 15542) > SA (Agilent E4407B). Also AU-1447 is connected to 15 V dc supply
and active antenna amplifier to 12 V supply

Figure 4.12 (b): Setup 2: Noise floor measurement with the active antenna amplifier

The 50-dB amplifier used worked from 20 MHz to 200 MHz and has a noise figure of

1.2 dB. Results obtained from these setups are shown in figure 4.13.
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Noise Floor comparison

— With AA
— Without AA ||

I [l

| | |

| | | |
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! | |
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|
|

Power (dBm)

| [ [ | | |

| | | | | |

| | | | | |

1 1 1 1 1 1
50 100 150 200 250 300 350 400 450 500
Frequency (MHz)

Figure 4.13: Noise floor measurement with setup 1 and setup 2.

Analysis:

It can be seen that the noise floor is raised after the addition of the active antenna
amplifier. Treating this setup as a cascaded system, the noise figure of the active
antenna amplifier is the only unknown quantity and can be found out using the

following steps:

1. Divide noise floor level measured by the gains of both amplifiers to find out
just noise power

2. Convert noise power to noise figure using P = k x T x B x F where k is
Boltzmann’s constant, T is room temperature, B is the noise bandwidth used

and F is the noise figure.
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3. Find noise

figure of the active antenna

amplifier

using

F F ) )
F =1+ F, +—*+—2— where the first stage is the amplifier, the second stage

1 12

is the active antenna amplifier and the third is the spectrum analyzer.

The resultant noise figure is given in the figure 4.14

NF (dB)

Noise figure of active amplifer

X612 |
SV T- """ [ [T e E
] | ! I x:258.6
J\j | X:121.4 X11898) I y:2321
| Y 2166 YZZOAW Ve
e Viavas BN i
P MR A0 O A VA VoS
| | | |
| | | |
| | | |
| | | |
===+ —-==-- 4-=-=== == === [
| | | |
| | | |
| | | |
| | | |
0 I I I I
50 100 150 200 250

Frequency (MHz)

Figure 4.14 Noise figure of active antenna amplifier

Although the noise figure of the amplifier is less than 3 dB as per the

requirements, it is not as low as 0.8 dB as predicted by the simulation tools. This

again can be attributed to the inaccuracy in the models of components used.
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4.2.6 Saturation and Minimum Detectable Signal (MDS):

Saturation tests were done by inputting a signal of known level from function
generator into the active antenna amplifier and testing the output signal on the
spectrum analyzer. As the signal power increases at a certain level harmonics of the
fundamental signal appear and the point the harmonic level is less than 20 dB below
the fundamental, the noise floor also increases, thus indicating saturation point. On
the other hand, when the signal level is decreased the point where the signal is
submerged in the noise floor and is not retrievable by reducing the resolution
bandwidth of the spectrum analyzer or by averaging, then this signal level is
considered the output signal level. This test was repeated by coupling a jammer
signal of high amplitude along with a desired signal whose amplitude can be varied,

to find out the minimum detectable signal and saturation levels.

The setups for the saturation test is shown in figures 4.15 and 4.16

Spectrum
Signal Generator Analyzer
Q 12V
N _/‘?
Active
A Amplifier R

Figure 4.15: Setup 1 - MDS and Saturation without jammer signal

Set up: (left to right) : Agilent 8648 D Signal Generator (9 kHz — 4000 MHz) = Minibend cable
—> active antenna amplifier Antenna Port 2 active antenna amplifier RF output port - Spectrum
Analyzer (HP 8592L 9 kHz to 22 GHz).
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Spectrum

Signal Generator (D) Analyzer
12V
RQ v
C b, Active
A Amplifier R
Signal Generator (J)

O

Figure 4.16: Setup 2 - MDS and Saturation with jammer signal

Set up: (left to right): Agilent 8648 D Signal Generator (9 kHz — 4000 MHz) - Macom 3 dB
coupler (20 — 200MHz) port A = Fluke Function generator - Macom 3 dB coupler (20 — 200MHz)
port A> Macom 3 dB coupler port C > Minibend cable = active antenna amplifier Antenna Port
—active antenna amplifier RF output port - Spectrum Analyzer (HP 8592L 9 kHz to 22 GHz).

Results
The results of setup 1 and setup 2 are shown in tables 4.2(a),(b) and 4.3(a),(b)

Table: 4.2(a) Minimum detectable signal for setup without jammer.

Reading Frigﬁ‘;cy ;g&fr gsvtgg e Harmonics SLeenl Res.BW | Video
Nomber | PR | oy | (i | oty [ Lol Tt | v
1 125 -40 -32.9 250 77 300 No
2 125 -60 -52.78 250 -80 300 No
3 125 -80 725 - - 300 No
4 125 -100 -92.1 - - 30 No
5 125 115 -100 - - 1

6 125 118 -110 - - 1

125.3 -100
’ 125 19 i 126.0 -100.9 ! 2
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Table 4.2 (b): Saturation for setup without jammer

Reading Input Input Output Harmonics Seen Res. BW Video Avg.
Number | Freduency | Power Power | Frequency | Level | (MH2)
(MHz) (dBm) (dBm) (MHz) (dBm)
1 125 -30 -22.9 250 -60 No
2 125 -25 -17.96 250 -60 1 No
125 -20 -13.1 250 -51 1 No
250 -35
4 125 -15 -8.1 200 -78 3 No
115 -76
250 -22
5 125 -10 -6.1 200 -73 3 No
115 -70
Analysis:

It can be thus seen from the above results that the minimum detectable signal is -118
dBm where the noise floor of the spectrum analyzer was at -116 dB with a 1-kHz
resolution bandwidth. For a signal level of -20 dBm the gain starts to decrease and the
harmonic level to increase, but the point where the harmonics are 20-dB beneath the

fundamental is at -10 dBm of input power. Thus the dynamic range for the amplifier

1s 103 dB.

Setup 2 results: Dynamic range with jammer:

Jammer signal settings: Amplitude: -20 dBm

Frequency: 100 MHz.

Desired signal settings: Amplitude: variable

Frequency: 150 MHz.
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Table 4.3(a) Minimum Detectable Signal in presence of a strong jammer

Desired Output power Harmonics seen
Reading | signal’s (dBm) Resolution | Video
Number | input power B
umbe p(léﬁﬁ) © J D F rg\‘}[ﬁ;)c Y| Level (dBm) W Ave.
200 -40
| 60 -16.4 -55. 250 68 3 MHz No
300 -51
92.7 -74
2 -80 -16.48 -77.8 200 -41 100 kHz No
300 -52
92 =75
3 -90 -16.48 -87.90 200 -41 3 kHz No
300 -52
923 =72
4 -100 -17 -93 200 -40 3 kHz No
300 -53
200 -40
5 112 17 -104 300 5 1 kHz 2
Table 4.3(b) Saturation in presence of a strong jammer
Desired Output power Harmonics seen
Reading signal’s (dBm) Resolution Video
Number | input power Frequency Level BW Avg.
(dBm) I D (MHz) (dBm)
120 -60
200 -42
1 -40 -16 -36.2 250 53 3 MHz No
300 -51
200 -39.8
2 -30 -17.1 -26.2 250 -44.3 3 MHz No
300 -49.5
200 -36
3 -20 -17.1 -17.4 250 -34 3 MHz No
300 -40
200 -35
4 -15 -17.9 -13.5 250 -29 1 MHz No
300 -31
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Analysis:

It was also seen that the noise floor with the presence of a strong jammer signal was
-110 dBm at 1 kHz of resolution bandwidth. This shows that there is a significant
increase in noise floor and thus a reduction in dynamic range is observed. Minimum
detectable signal in presence of a strong jammer is -112 dBm and saturation occurs at

-20 dBm hence the dynamic range is 92 dB.

These tests were done using a spectrum analyzer and sinusoidal signals, however in
the actual application, the active antenna is to be used with a radar system (Multi
Channel Radar Depth Sounder) that has its own noise floor determined by the
electronics of the system and a chirp signal as the input unlike the sinusoid used in the
previous setup. In order to find out how the amplifier affects the signal to noise ratio
of the radar system , the saturation and minimum detectable signal tests were done by

using setups shown in figure 4.17 (a) and (b) .

Setup without active antenna

Radar Delay Attenuation > Radar
Tx Rx

A 4

line

Setup: left to right: Radar transmitter > delay line > attenuator (50 dB) = power splitter
(1:8) = attenuator (10 dB) on each channel - Radar LNAs.

(2)
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Setup with active antenna

Radar » Dglay Attenuation > AA » Radar
Tx line Rx

A\ 4

Setup: left to right: Radar transmitter > delay line > attenuator (50 dB) = power splitter
(1:8) > attenuator (10 dB) on each channel —active antenna amplifier on channel 5 with
external attenuation—> Radar LNAs.

(b)

Figure: 4.17 (a) Radar test setup without active antenna (b) Radar test setup with active antenna.

Setup details:

Radar transmitter is connected to a loop back signal generator that provides a
-10 dBm signal and the delay line with the attenuator is to create a similar
environment as seen in the field, i.e. delay accounts for the travel time of the signal
from the radar to the ice sheet and back to the radar and the attenuator accounts for
the signal attenuation by ice. Channels 1 to 5 present in the receiver each have an
LNA to amplify the received signal, of which channel 5 had been connected to active
antenna amplifier for comparison of SNR with the other channels that are similar. The
minimum detectable signal test was done by adding attenuators to the 60 dB
attenuator in series. Saturation test was not done with just the desired signal as the
input signal was constantly generated at -10 dBm amplitude and attenuation of 60 dB

was fixed.

In the Jammer test, the jammer was coupled in with the desired signal through one

channel only and the SNR for increasing value of jammer signal was recorded after
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which the setup was added with the active antenna amplifier and the test was repeated

to find the SNR versus jammer signal. The results of which are plotted below.

Spectrum of recieved signal radar Spectrum of recieved signal with 20 dB extenal attenuation
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Figure 4.18: Radar setup for MDS (a) with 60 dB attenuation, (b) with 80 dB attenuation, (c) with 100
dB attenuation, (d) with 110 dB attenuation

Note : The y-axis of the chart is plotted in Range bins, but is equivalent to number of
samples per 4 m of depth of ice sheet.

It can be inferred from the above plots the minimum detectable signal is between -110
and -120 dBm. The SNR plots show that the active antenna amplifier has 1 dB greater

SNR than the Radar SNR.
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With Jammer signal setup-1 details
Jammer signal at 100 MHz and variable amplitude

Desired signal 150 MHz (loop back signal) with 60 dB attenuation.
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Figure 4.19: Radar setup-1 with jammer signal (a) jammer at -60 dB (b) jammer at -30 dBm (c)
jammer at -20 dBm.

With Jammer signal setup-2 details
Jammer signal at 100 MHz and variable amplitude

Desired signal 150 MHz (loop back signal) with 80 dB attenuation.
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Spectrum of signal with Jammer Signal @ -60 dBm and desired with 20 dB attenuation
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Figure 4.20: Radar setup-2 with jammer signal (a) jammer at -60 dB (b) jammer at -30 dBm (c)
jammer at -20 dBm.

Analysis:

With just the desired signal, the signal-to-noise ratio of the channel with the active
antenna amplifier was observed to be 1 dB better than the radar for strong signals but
with a decrease in signal amplitude the SNR decreases and becomes equal to radar
SNR, this can be seen from figure 4.21(a). It was observed that the noise floor
increased as the jammer signal level was increased and at -20 dBm, both the setups
showed a considerable increase in noise floor, thus degrading the SNR but the this

effect was not limited to the active antenna amplifier alone, the SNR of the radar
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LNA also was degraded even though the jammer is an out of band signal for the radar
that operates from 140 MHz to 160 MHz. However with strong jammer and weak
signal the SNR degradation was greater with the active antenna amplifier. But the
SNR of the active amplifier was within 2 dB difference of the radar SNR even in the

strong jammer — weak signal scenario as is shown in the figures 4.21 (b) and (c)

T T
—#— without AA
——with AA

SNR s Attenuation
50 T

45

SNR (dB)

I I
60 65 70 75 80 85 90 95 100 105 110
Attenuation (dB)

Figure 4.21(a) SNR versus attenuation comparison for setup without jammer

SNR vs Jammer signal
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SNR vs Jammer (signal attenuation 80 dB)
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Figure 4.21 (b) SNR with desired signal with 60 dB attenuation (c) SNR with desired signal with 80
dB attenuation

From the above test it can be concluded that the SNR of the radar is not degraded
with the addition of the active antenna amplifier, in fact with higher values of desired
signal and lower values of jammer signal the SNR is better than the radar SNR. But
even in presence of jammer the sensitivity of the radar is not affected much. Although
this test can be repeated with antenna connected to the amplifier, the presence of
other signals and mutipath etc. limit the accuracy of measurement. But the monopole
contribution to the noise figure of active antenna is very low as electronic noise from

the amplifier is dominant in the UHF/VHF frequencies.

4.2.7 Free — Space Experiment:

The saturation test concludes the characterization of the amplifier alone. The next test

involves combining the antenna and the amplifier together and testing the overall gain
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of the active antenna. Active antenna designed in this thesis is a receive-only antenna
hence the gain the active antenna can be found by comparing the received signal
spectrum with a known reference antenna. The test not only gives us the gain but also
provides us a yard stick to compare the efficiency of the active antenna with a passive

antenna.

The free space experiment as the name suggests is done in an environment devoid of
any reflective media. There are two steps involved in this experiment the first is to
transmit a known signal through the transmit antenna and then receive it through a
calibrated known antenna. The next step is to transmit through the same antenna, the
same level of signal and receive using the active antenna while keeping all the cables,
distances the same. By comparing the level of the received signal of the active
antenna with the known reference antenna the gain of the active antenna can be

found.

There are two ways to doing this experiment; the first method involves using a
network analyzer. The network analyzer passes a known level of signal through the
transmit antenna connected to its port 1 and the receive antenna senses this signal.
The receive antenna should however be placed in the far field of the transmit antenna,
which is R > 2d/A where d is the largest dimension of the two antennas. The receive
antenna is connected to port 2 and S,; is the measured. The parameter S,; indicates

the ratio of power received to power transmitted. Figure 4.22 (a) shows the setup for
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free space experiment with reference antenna, and figure 4.22 (b) shows the setup for
active antenna. Once the Sy is recorded the gain of the antenna can be found using

the Friss’ transmission formula.

Distance =12’

TEM Horn TX

antenna

NETWORK ANALYZER
HP 8753D

Figure 4.23 (a): Free space experiment setup for reference antenna

Setup: NA port 1 = TEM horn antenna = 11 Andrew Cinta cable > TEM horn Tx antenna - TEM
horn Rx antenna = 11’ Andrew cinta cable=> 180 TC astrolabe cable = bias-tee w/o DC = Port 2 of
NA.

Monopole

Distance =10’

Amplifier

Bias-
tee

DC
Power Supply

NETWORK ANALYZER
HP 8753D

Figure 4.23 (b): Setup for free space experiment with active antenna

Setup: NA port 1 = TEM horn antenna = 11° Andrew Cinta cable > TEM horn Tx antenna - active
antenna—> 11’ Andrew cinta cable> 180 TC astrolabe cable - bias-tee with DC - Port 2 of NA.
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Setup details:

The antennas were mounted on plastic shelves that were 5.5 feet in height and the
separation between the antennas was maintained at 12 feet. Both these settings allow
for the ground reflected path arrival to be resolved from the direct line of sight path.
For the test with the active antenna different monopoles were testing with the active
antenna amplifier. The first being the 5.2” monopole given in figure 4.4 (b) followed
by a smaller length monopole with a smaller capacitive patch and a larger monopole
9” with 1” x 17 capacitive patch. The results of which, in comparison with the horn

gain are shown in figure 4.23.

Processing method:

As mentioned before the free space experiment is generally done in an environment
free of reflections, however it is not always possible to obtain such environments for
experimentation hence in order to resolve multipath, IFFT of the S;; is taken and
using time domain filtering the reflected paths are removed, this process is known as
time gating. The line of sight signal arrival time can be calculated the free space
propagation velocity and distance of separation. Once this information is obtained,
the first strong peak in the IFFT of the S,; is the line of sight signal and should match
closely to the value obtained by calculation. The filter window is set such that only
the line of sight signal is taken and the rest suppressed. After the time gating is
completed the Friss transmission formula is used to find the gain of the antenna. If

both transmit and receive antennas are identical then the formula used is
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(47ZR)2X 1S, |2
2

G =10*logl0 where R is the separation between the two

(47ZR)2X S, |2

S is used to find out the
A7 x

antennas. Else the formula G =10*1ogl0

ref

gain of the uncalibrated antenna.

Comparison of Gain Curves
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Figure 4.24: Gain curves comparison of active antennas with different monopoles with the horn
antenna

Analysis:

It can be seen from figure that the gain of the horn antenna more than the gain of the
active antenna. At 300 MHz horn has a gain of horn is 0 dB and that of 9” active
antenna is -3 dB and 5.2” active antenna is -5 dB. However this does not match the

readings with the amplifier alone that showed 7 dB of electronic gain and since the
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antenna element of the active antenna is equivalent to Hertzian dipole, the antenna
gain should be 1.7 dB and total gain of 8 dB. Possible reasons for this could be the
following

1. The monopole does not have the predicted gain, due to its unmatched load.

2. The active antenna amplifier is getting saturated in presence of jammer signals
present in the surroundings. For example KANU signal that measures -17
dBm can be considered as jammer and the amplifier showed a decrease in
gain in presence of a jammer of as high amplitude as -20 dB when tested in
the lab hence in presence of KANU the gain may be less than the actual gain
of the active antenna.

3. There might be other irresolvable multipath or spectral content is lost while

time-gating.

However something that can be inferred from the above experiment is the bandwidth.
As seen from figure 4.23 the bandwidth of the 9 active antenna is lesser than the 5.2”
active antenna as the 9” one no longer looks electrically small beyond 150 MHz
hence the roll off is much quicker, where as the 5.2” is electrically small at 300 MHz

and is nearly also half-wavelength at 600 MHz, hence has a broadband response.

In order to resolve some of the uncertainties encountered during the free space

experiment using network analyzer, the same experiment was done indoors in

relatively open space with the following setup.
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Figure 4.25(a): Free space experiment with spectrum analyzer (reference)

Setup: left to right : Agilent signal generator—> Astrolab 72 TC cable > log periodic antenna > Horn
antenna = 180 TC cable - bias tee w/o DC - 120 TC cable > Spectrum analyzer (Agilent).

A known signal level was passed through the log periodic antenna to the horn antenna
place at a 12 feet distance, with no reflective objects within 2 m radius and both
antennas were mounted at a height of 5.5 feet. The spectrum analyzer plot was
captured and the test was repeated with the active receive antenna in place of the horn

antenna. The setup for which is given by figure 4.23

12’
Log periOdiC Bias-tee
Transmit antenna
Signal generator Spectrum Analyzer

Figure 4.25(b): Free space experiment with spectrum analyzer (active antenna).

Setup: left to right : Agilent signal generator=> Astrolab 72 TC cable = log periodic antenna = Active
antenna with 5.2” monopole = 180 TC cable = bias tee with DC - 120 TC cable = Spectrum
analyzer (Agilent).
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A signal of -30 dBm at 150 MHz frequency was sent through the transmit antenna —
the log periodic to the horn antenna which is the reference antenna for the experiment
the signal received is recorded by the network analyzer. Along with the desired
signal, the KANU signal and KJHK signal both of which are local radio channels are
also received by the horn antenna as seen in figure 4.26. The horn antenna was then
replaced by the active antenna with the same transmit signal and same distance and

setup, the received signal spectrum was recorded.

Recieved Signal Spectrum Comparison
-20 T T T

—— Horn
— —e — Active Antenna

Power (dBm)

! ANTIPEN
QTR o
M 1/\\ ‘&n«‘w\w ) ‘\
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AN

50 100 150 200 250 300
Frequency (MHz)

Figure 4.26: Received signal spectrum by horn antenna and active antenna

Analysis:
The above plot shows that the signal level received by the active antenna is a much as

the horn antenna as the received signal spectrum almost overlaps the horn , in fact the
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active antenna received signal level is more than the horn received signal level at 105
MHz and 150 MHz by a dB. Also the KANU signal at 91.5 MHz is at -24 dB which
is lesser than what was offered outdoors. Hence there is no saturation of the amplifier.
Looking at the actual gain curves of the horn antenna, at 150 MHz horn has a gain of
-2 dB and active antenna according to figure 4.24 is 1 dB higher, so gain of active
antenna can be inferred as -1 dB and in comparison with the horn antenna so the
active antenna is as efficient as the horn. However this was done indoors, so there
might be multipath, hence for an accurate measure of gain and efficiency the active
antenna must be tested in truly reflection free environment like the anechoic chamber

as was done with version 2 (refer to the appendix).

Although the measurement results don’t match the simulated results, the active

antenna characteristics were found to match the requirements of the radar system.
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Chapter 5:
Conclusion and Future Work

5.1 Conclusion

A small, wideband antenna was designed for radar applications to be integrated with a
lightweight, small aircraft like a UAV, using the concept of active antennas. The
antenna can also be used in applications where there exists a space constraint. The

active antenna characteristics are listed below:

1. Operating frequency range: 19 MHz to 455 MHz

2. Noise figure: 2.2 dB average without antenna noise.

3. Good stability all through the spectrum

4. Dynamic Range: 103 dBm without jammer signal

97 dBm with a jammer signal power of -20 dBm.

5. Good amplifier performance, comparable to that of the MCRDS radar without
jammer as well as with a -20 dBm jammer and weak desired signal, the
signal-to-noise ratio is only 2 dB lesser than that of the MCRDS radar.

6. Good electronic gain of 7.75 dB and overall gain is comparable to that of the

horn antenna.

The lab measurements of the active antenna show that it operates well within the

range of the radar system that works from 100 MHz to 300 MHz and has almost the
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same gain performance as the horn antenna while being 1/3 the height and almost
negligible depth. This makes the active antenna a good solution for both the size
problems faced by the UAV designers and the bandwidth issues faced by the radar

designers.

However the gain measurements are not very conclusive, in terms of the efficiency,
as the free space readings are inconsistent. If the antenna is tested in an anechoic
chamber the actual efficiency as compared to the horn can be measured. If the
efficiency of the active antenna is found to be less than that of the passive antenna
then the transmit power required to sound the depth of the ice sheets needs to be
increased as the reception is not optimal. This may pose a problem as power is also a
premium on the UAV. If the free-space test results with the spectrum analyzer are
taken to be close to reality then the antenna is 100% efficient (in comparison to the
horn used regularly in field missions) hence there will not be a need for any increase
in transmit power. If the gain of the antenna is less than the passive antenna then an
additional low noise amplifier can be added to raise the gain and when added in series
with the active antenna the noise figure is not raised as the gain of the active antenna

amplifier compensates for it.
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5.2 Future Work

As mentioned before, if the free space gain tests are done in an anechoic chamber
which is reflection free, the correct estimates of gain can be obtained; also the some
of the other test done only on the active antenna amplifier can be repeated for the
active antenna using the anechoic chamber. For example the noise figure test for the
active antenna amplifier was done using a 50 Q termination on the input end as
connecting an antenna would make it receive signals and no longer have RF quiet
area. The same experiment if done in the anechoic chamber, which is a RF quiet area
the noise figure of the amplifier and the antenna together, may be found. The same
with the radar signal-to-noise ratio, the transmitter and receiver can be set up with
reference antennas and then the receive end may be replaced with the active antenna
to conclusive measure the effect of active antennas on the SNR of the radar.
However as mentioned before the noise contributed by the monopole is very small
compared to the amplifier and in any case the overall noise figure will not rise above

3 dB.

The next stage of development of the active antennas would be to increase their
directivity and gain. This can be done by designing an array of active antennas. Also
advanced digital signal processing like adaptive beam forming can also be
implemented for issues related to clutter rejection to make the active antenna more

efficient.
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Recent studies have shown that, a new class of GaAs FETs, known as the Schottky
GaAs FETs offer more stability at lower frequencies than the now available FETs;
these devices were used in a commercially available active antenna called the DX500.
But the Schottky GaAs FETs are not yet available for commercial use hence were not
explored while designing the active antenna presented in this thesis, but the device is

worth exploring for enhancing the performance of the active antenna.
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Appendix

Version 2 free space description and results:

Version 2 had JFET SST4416 instead of NE34018 and an op-amp stage as a voltage

follower the schematic of which is given below

D1

Vee I _KT{NCU)U
cs * c4

CAP CAP

od and

RESI RESI A

Figure Al: Circuit Schematic of version 2 from Protel

Description:
The TEM horn antenna was connected to port 1 of the Network Analyzer, and 0 dBm
power was transmitted to the Active antenna placed at the same height and 12 feet

away. The S21 measurements were noted on the HP 8753D Network Analyzer.
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Results:

Comaprison of Active antenna and TEM horn antenna
0 T T

Active antenna

-------------- TEM Horn Antenna

u
10 / Y x 1243 7
Y:-8.129

X: 1443
Y:-18.69

=30+

S21 (dB)

40

Active antenna is ~10.19 dB
above the TEM in the operating
region of the active antenna
amplifier

-60 I I I I
50 100 150 200 250

Frequency (MHz)

Figure A2: The S21 measurements of TEM and Active antenna.

It can clearly be seen that the Active antenna is about 10.55 dB higher than the Horn
antenna. The actual horn antenna gain 144 MHz is -0.3585 dB so the overall gain of
active antenna is 10.19 dB this is however lesser than the electronic gain of the
amplifier which was 14 dB this is probably due to saturation due to high incident

power on the active antenna.
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Bill of materials

Component Quantity | Size Value Unit price($) | Total Cost($) Part Number | Vendor/Manufacturer
Resistors 1 0805 1 M ohm 0.048 0.048 - Digikey
1 0805 | 600 Kohm 0.038 0.038 - Digikey
1 0805 75 Kohm 0.038 0.038 - Digikey
1 0805 0 ohm 0.076 0.076 - Digikey
1 0805 50 ohm 0.038 0.038 - Digikey
1 0805 120 ohm 0.038 0.038 - Digikey
1 2010 750 0.4 0.4 P750WCT-ND Digikey
Capacitors 4 0402 0.1uF 2.88 11.52 540L ATCeramics
1 - 47 uF 2.18 2.18 595D Vishay/Mouser
1 0805 0.2pF 2.88 2.88 - ATCeramics
Inductor 1 - 470 nH 1 1 1206CS-471 CoilCraft
Limiter Diode 1 - - 2.88 2.88 HSMP-3822 Avago technologies
Diode 1 - - 0.42 0.42 ES1B Digikey
CEL
GaAs FET 1 - - 1.43 2.86 NE34018-A (vendor:Mouser)
SMA 530-142-0711-
connectors 2 - 50 ohm 3.98 7.96 201 Mouser
Bias-tee 1 - - 6.00 6.00 TCBT- 2R5G Mini-Circuits
Total cost (per board) 38.376
Board cost (Estimate) 20.00
Grand Total 58.376
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Datasheets
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GaAs HJ-FET L TO S BAND
LOW NOISE AMPLIFIER | NE34018
(New Plastic Package)

FEATURES
* LOW COST MINIATURE PLASTIC PACKAGE
(SOT-343)

« LOW NOISE FIGURE:
0.6 dB typical at 2 GHz

« HIGH ASSOCIATED GAIN:
16.0 B typical at 2 GHz

+ La = 0.6 pm, Wa = 400 pm
+ TAPE & REEL PACKAGING

DESCRIPTION

NEC's NE34018 is a low cost gallium arsenids Hetero-Junc-
tion FET housed in a miniature (SOT-343) plastic surface
mount package. The device is fabricated using ion implanta-
tion for improved RF and DC parformance, reliability, and
uniformity. Its  low noise figure, high gain, small size and
weight make it anideal low noise amplifier transistor in the 1-
3 GHz frequency range. The NE34018 is suitable for GPS,
PCS, WLAN, MMDS, and other commercial applications.

WEC's stringent quality assurance and test procedures en-
sure the highest reliability and performance.

ELECTRICAL CHARACTERISTICS (1a-25)

NOISE FIGURE & ASSOCIATED
GAIN vs. FREQUENCY
Vos=3V, los= 20 mA

\_"
\\G:‘
& 3 16
[
= hL]
£ e 5 @
= =
iC &
o =
@ L
@ 5 2
=] 1 &
=2 1 i %
T
N
o
0.5 1 2 3 4 56T 880

Frequency, T (GHz)

18 Package S0T-343 Style

PART NUMBER NE34018
PACKAGE OUTLINE 18
SYMBOL PARAMETERS AND CONDITIONS UNITS MIN TYP MAX
NF Moise Figure at Wos =2V, lo=5m#A,_ f=2 GHz dB 0.6 1.0
Ga Associated Gain at Vos =2V, lo=5mA, f=2 GHz dB 14.0 16.0
Pida Output Power at 1 d3 Gain Compression Point, f = 2 GHz
Vos=2V, loe =10 mA dBm 12
Vps=3V, Ips=30mA dBm 165
Gim= Gain at Piae, f =2 GHz
Vps =2V, Ios =10 mA dB 17.0
Vps =3V, los = 30 mA dB 17.5
QP Ir3 Output =3 &t f = 2 GHz, af =1 MHz
Wos =2V, Ios =10 mA dBm 23
Wos =2V, Ios =30 mA dBm 32
loss Saturated Drain Current at Ves =2V, Vee =0V mA 30 80 120
e Pinch Cff Voltage atVos =2V, Ip = 100 A v -2.0 -0.8 0.2
gm Transconductance at Vos =2V, Io=5mA ms 30
lzso Gate 10 Scurce Leakage Current at Vas = -3 WV WA 05 10
HTHicH-A) Thermal Resistance {Channel to Ambient] “CIW B33
Mote:

1. Typical values of noise figures and associated gain are those obtained when 50% of the devices from a large number of lots were individually
measured in a circuit with the input individually tuned to obiain the minimum value. Maximum values are criteria establishad on the production
line as a "go-no-go” scresning test with the fixiure tuned for the "generic” type but not for each specimen.

California Eastern Laboratories
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NE34018

ABSOLUTE MAXIMUM RATINGS? (12 - 25c) TYPICAL NOISE PARAMETERS (1a=257q)
SYMBOLS PARAMETERS UNITS RATINGS FREQ. MFopPT Ga ToPT
VoS Drain 1o Source Volage v Z (MHz) (dB) (dB} | MAG | ANG RAn/50
Veno Gate to Drain Voltage W 3 Vos=2V Ios=10 mA
Vaso Gate to Source Violtage W 3 900 26 20.5 .76 30 45
los Dirain Current mA Ioss 2000 B3 16.3 81 4 28
TcH Channel Temperature °C 125 2500 68 14.1 49 a1 18
TsTG Storage Temperature °C 65104125 3000 70 136 49 49 16
Total Power Dissipation mw 150 3500 76 123 28 fil a2
Mo 4000 &2 11.6 20 80 10
1. Operation in excess of any one of these parameters may rasult Vos =2V, lns = 30 mA
in permanant damage. 2000 B0 17.0 56 33 23
2500 70 15.3 43 45 .
3000 76 142 a2 50 26
Vos =3V, los= 20 mA
900 56 20.2 74 26 1.54
2000 B2 16.8 62 42 A3
2500 BB 14.9 56 50 A
3000 70 14.0 45 65 24
3500 B0 13.2 36 76 14
4000 B4 12.8 28 85 10
4500 80 11.0 20 93 08

TYPICAL PERFORMANCE CURVES (1a-257C)

TOTAL POWER DISSIPATION
vs. AMBIENT TEMPERATURE

200

FREE AR
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=
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|
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NE34018

TYPICAL SCATTERING PARAMETERS (14 - 25°c)

Si1

0.5 GHz
f
225" “i"l—/ g
5;00
e
Vos=2V,IDs =5 mA
FREQUENCY 311 Sz S12 Saz K MAG!
(GHz) MAG ANG MAG ANG MAG ANG MAG ANG (dB)

0.50 0.984 -15.1 4945 165.0 0.020 806 0.807 -T2 0.135 2353
0.60 0.8979 -18.0 4.908 1623 0.023 789 0.803 8.6 0.152 23.292
0.70 0.873 -21.0 4899 159.4 0.027 TT0 0.758 -10.0 0.174 22587
0.80 0.965 -239 4.871 156.7 0.031 753 0.793 -11.8 0.195 21.862
0.80 0.938 -26.8 4.843 153.9 0.034 737 0.788 -12.9 0.213 21.536
1.00 0.949 -288 4825 1511 0.038 721 0.781 -14.4 0.231 21.037
120 10.930 -387 4783 1456 0.045 88.7 0.767 173 0.270 20.265
1.40 10.906 -415 4723 1402 0.052 554 0.751 =202 0.314 19.582
1.60 0.881 475 4 660 1347 0.058 §622 0734 -231 0.354 19.050
1.80 0.853 -538 4805 1293 0.064 581 0.715 -26.0 0.395 18.570
200 0.821 -598 4531 1238 0.070 56.0 0.695 -28.9 0.438 18111
2.50 0.737 -T6.2 4.332 1105 0.082 452 0.648 -36.0 0.542 17.22%
3.00 0.548 -242 4.092 97.6 0.092 414 0.600 -42.4 0.543 16.481
3.50 0.569 -1138 3.805 853 0.098 353 0.555 477 0.745 15.851
4.00 0.512 -132.0 3516 739 0102 305 0.518 518 0.845 15.374
4.50 0.482 -150.9 3.248 53.5 0.705 272 0.480 -34.9 0.832 14.8204
5.00 0.472 -165.2 3.025 247 0,108 253 0.444 -57.8 1.004 14.074
550 0468 1757 2.846 454 0112 245 0.405 -61.0 1.068 12.458
6.00 0464 176.0 2714 38.4 0.118 237 0.367 -G5.4 1.107 11.622
6.50 0.458 167.9 260 305 0126 224 0.331 718 1.130 10.855
7.00 0441 1582 2505 221 0134 202 0.302 -80.8 1.148 10372
7.50 0422 1443 2417 13.3 0.142 180 0.283 522 1.161 9874
8.00 0411 1275 2321 4.0 0151 15.0 0.281 -105.5 1.152 9.503

Maote:

1.

mac = 1521 (i K

[EH]

Gain Calculations:

). When K = 1, MAG is undefined and MSG values are used. MSG =

MAG = Maximum Available Gain
MSG = Maximum Stable Gain
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NE34018

TYPICAL SCATTERING PARAMETERS (1--25c)

Vos=2V,IDs=10 mA

FREQUENCY S11 Sz S12 S22 K MAG1
{GHz) MAG ANG MAG ANG MAG ANG MAG ANG (dB)
0.50 0.978 170 6.805 1628 o.os 801 0.723 7B 0178 25778
0.60 0.969 -203 6.731 1837 0.022 787 0.719 -9.1 0.200 24857
0.70 0.960 -238 6.691 156.5 0.025 773 0712 108 0224 24278
0.80 0.949 -26.9 6.624 153.4 0.028 75.5 0708 -120 0253 23740
0.80 0.933 =301 6.559 150.3 0.032 736 0688 134 0281 23any
1.00 0.924 333 6502 1472 0.035 724 0,650 -148 0307 22820
1.20 0.897 -39.8 6.371 141.2 004 69.2 0673 -17.8 0356 21814
1.40 0.865 -45.0 8217 135.3 0.047 66.3 0.6585 -206 0410 21215
1.60 0.8 524 6.065 129.5 0.053 63.4 0635 -234 0460 20.588
1.80 0.795 -58.7 5912 1239 0.058 60.7 0814 -261 0.508 20083
2.00 0.757 -65.1 5.750 1183 0.063 58.1 0594 -288 0560 182603
2.50 0.658 819 5.336 105.0 0.074 5.7 0548 -35.3 0.677 18580
3.00 0.563 -100.1 4909 2.4 0.083 465 0801 412 0782 17.719
3.50 0.483 -119.7 4478 80.8 0.091 41.8 0453 458 0873 16520
4.00 0432 -139.4 4.080 70.2 0.097 381 0423 495 0852 16.239
450 0.409 -157.2 3733 60.8 0.103 351 0388 533 1.018 14771
5.00 0.408 -171.0 3448 523 0.109 332 0383 538 1.057 13538
5.50 0.408 178.2 3223 445 017 316 0327 -556 1.085 12518
6.00 o411 1714 3.050 370 0.128 299 0.293 583 1.087 11939
6.50 0.408 163.8 2906 204 0.136 275 0.253 -G28 1106 11320
7.00 0.397 1345 2782 215 0.145 241 0232 M3 1117 10752
7.50 0.383 1408 2872 132 0.156 20.8 0211 -B32 1112 10.298
8.00 0.376 1235 2.560 44 0.166 16.5 0204 295 1104 9977

Mote:

1. Gain Calculations:

mag= 132 (kK =/ KE-1 ). WhenK =1, MAG is undefined and MSG values are used. msG =220 oo Jel8]%- 150]2-|5al® ) _ gy 5o - G212
|512| |S12] ENETE

MAG = Maximum Available Gain
MEG = Maximum Stable Gain
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NE34018

TYPICAL SCATTERING PARAMETERS (12-257c)

Vos=2V, IDs =20 mA

FREQUENCY 51 S Sz Saz K MAG?
(GHz) MAG ANG MAG ANG MAG ANG MAG ANG (dB)
0.50 0.969 -18.6 8532 160.8 0.7 g1.2 0.635 73 0221 27.007
0.60 0.958 -221 8416 157.3 0.020 794 0.631 88 0.256 26.241
0.70 0.946 257 8331 153.8 0.023 778 0.624 -10.2 0.289 25.530
0.80 0.931 -28.2 a211 150.4 0.026 6.4 0.617 118 0.324 24.924
0.90 0916 327 8.092 1471 0.02% 751 0610 -123 0.354 24 457
1.00 0.a92 -36.1 7.882 1437 0.032 738 0.601 143 0.387 23.970
1.20 0.864 429 7737 137.3 0.037 711 0.584 -16.9 0.451 23.204
1.40 0.825 -43.3 7469 1311 0.043 68.5 0.566 154 0.512 22.398
160 0.785 -55.8 7.208 125.2 0.048 66.1 0.547 218 0.570 21.764
1.80 0.745 621 6.048 119.5 0.053 63.8 0.527 242 0.623 21.176
2.00 0701 -68.6 6.692 113.9 0.058 61.7 0.509 -26.5 0.675 20.621
250 0.596 853 6.075 100.9 0.06% 56.6 0487 324 0.786 19.447
3.00 0.499 -103.3 54905 8.9 0.079 52.0 0428 378 0.873 18.423
350 0422 -123.1 4953 778 0.088 479 0397  -42.40 0.952 17.504
4.00 0.374 -142.9 4477 67.8 0.096 243 0.369 -458 1.002 16.118
450 0.357 -160.6 4073 58.9 0.104 411 0.340 AT 1.047 14586
5.00 0.352 -174.1 3.745 50.9 0112 386 0.310 488 1.073 13.589
550 0.366 176.6 3487 434 0122 362 0.278 491 1.084 12.796
6.00 0372 169.3 3.285 36.2 0133 336 0.248 -50.0 1.084 12.160
650 0.372 1621 3118 280 0.144 304 0219 527 1.086 11.571
7.00 0.365 153.0 2975 214 0.154 26.4 0.193 -60.2 1.090 11.031
750 0.353 1391 2852 134 0.165 222 0.169 ez 1.088 10.568
8.00 0.348 1220 2728 5.0 0.176 174 0.156 813 1.078 10.188
Mote:

1. Gain Calculations:

mag= 4521 (K KZ1 ). When K =1, MAG s undsfined and M5G values are usad.MSG:%,K

[EE]

MAG = Maximum Available Gain
MEG = Maximum EStable Gain
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NE34018

TYPICAL SCATTERING PARAMETERS ma-25°c)

228" l—" He”

27
VDs=3V,Ips =10 mA
FREQUENCY 511 5 Siz S22 K MAG!

(GHz) MAG ANG MAG ANG MAG ANG MAG ANG (B

0.50 0877 17.0 6.912 162.9 0.018 80.5 0.744 75 0170 25.843
0.60 0.969 -20.2 6.836 159.7 0.021 79.0 0.740 9.0 0.194 25.126
070 0.959 -235 6.795 156.5 0.024 771 0733 -104 0.226 24 520
0.80 0.948 -26.8 6.728 1524 0.027 754 0727 118 0.252 23.965
0.40 0.937 -30.0 6.659 150.3 0.0 737 071e 133 0.278 23.320
1.00 0.923 332 6.602 147.2 0.024 724 0712 -148 0.302 22882
1.20 0.885 -39.6 6.467 141.2 0.040 89.1 0695 176 0.355 22.086
1.40 0.863 -45.8 6.310 135.3 0.045 66.2 0676 -203 0.410 21.468
1.50 0.829 -52.1 6.152 129.5 0.081 63.5 0656 -230 0.458 20.814
1.80 0.7%3 -58.4 5.996 1239 0.056 60.8 0636 -257 0.508 20.297
2.00 0.754 648 5.830 118.3 0.061 58.0 0616 -283 0.558 19.803
250 0.656 -B81.4 5.407 105.1 0.071 521 0568 -346 0.674 18.817
3.00 0.559 -09.2 4973 92.7 0.080 4587 0524 401 0.781 17.935
350 0472 1185 4538 811 0.087 423 0486 447 0.876 17.173
£.00 0426 1380 4.138 70.6 0.093 339 0454 482 0.953 16.482
£50 0402 -1558 3.788 61.2 0.039 354 0422 506 1.011 15.173
5.00 0387 1696 3.500 528 0.105 348 03832 526 1.058 13.757
550 03% 1796 3.274 450 0112 333 0355 546 1.090 12.833
6.00 0.401 1726 3.0 376 0121 3.8 0322 575 1.100 12.163
68.50 0.399 165.2 2.956 301 01231 298 0290 B22 1.104 11.572
7.00 0.389 156.1 2.832 223 0.140 26.6 0264 704 1112 11.026
7.50 0.387 144.7 2.798 154 0.153 204 0245 -B16 1.063 11.085
8.00 0.365 125.8 2614 54 0.161 18.3 0240 965 1.004 10.240

Mote:
1. Gain Calculations:

2 2
MG = % (K =2/KE-T ). WhenK =1, M&G is undefined and MSG values ar used, Msa:% K= 1_+|%||?|5_S‘;||2_|%|_ A= 11 Se2- 521 Sz
12| 1z 1

MAG = Maximum Available Gain
MSG = Maximum Stable Gain
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NE34018

TYPICAL SCATTERING PARAMETERS (ta=25-c)

Vos =3V, Ipos =20 mA

FREQUENCY S S S1z Sa2z K MAG1
(GHz) MAG ANG MAG ANG MAG ANG MAG ANG dB)
0.500 0.989 -18.7 8.662 1608 0.016 a1 0.667 73 0215 27335
0.500 0.957 222 854 1573 0.019 791 0.663 88 0.255 26528
0.700 0.945 -25.8 8454 1537 0.022 78.0 0.655 -10.2 0.282 25846
0.800 0.930 -29.3 8332 1503 0.025 76.3 0.649 -8 0.318 25228
0.900 0.915 327 8208 1470 0.028 748 0.641 -12.8 0.350 24571
1.000 0.898 361 8.096 1436 0.031 733 0.632 -14.3 0.384 24169
1.200 0.882 -42.8 7.844 1372 0.036 70.6 0.615 -16.2 0.447 23382
1.400 0.823 493 7.5M 1311 0.041 68.1 0.596 -19.3 0.509 22664
1.800 0.7 557 7.288 1251 0.048 65.7 0.577 -21.7 0.569 22005
1.800 074 -52.0 7.036 119.4 0.051 63.5 0.557 -24.0 0821 21398
2000 0.897 -58.4 B.775 1138 0.056 61.4 0.539 -26.4 0.670 20827
2.230 0.544 -76.8 6.458 1072 0.061 58.7 0.517 -29.3 0731 20248
2500 0.5 849 6144 1009 0.066 56.5 0.496 -32.0 0.786 19.689
2750 0.541 8937 5848 348 0.071 54.3 0.476 -34.7 0.833 19157
3.000 0.493 -102.7 5553 889 0.075 521 0.458 371 0.884 18695
3.500 0.415 -1222 5.007 780 0.084 452 0.426 -418 0956 17.753
4.000 0.388 -14149 4 526 E8.0 0.091 449 0.399 447 1.016 16188
4.500 0.349 -159.7 4119 53.2 0.099 422 0.372 -46.8 1.052 14798
5.000 0.349 -173.2 3.790 51.2 0.107 39.9 0.343 -481 1.077 13794
5.500 0.357 1774 3.532 438 0118 379 0.313 -49.1 1.088 13021
6.000 0.382 170.2 3332 387 0127 35.6 0.284 -50.8 1.088 12405
6.500 0.383 163.3 3.166 235 0.138 327 0.255 542 1.084 11.836
7.000 0.336 134.4 3.024 220 0.148 25.8 0.230 -61.8 1.087 11207
7.500 0.343 140.7 2.902 141 0.160 25.0 0.208 RER 1079 104878
8.000 0.336 1237 2782 57 0171 20.3 0.199 896 1.087 10531
Mote:

1. Gain Calculations:

MAG = Jl?i. (K=/K¥-1 ). Whenk =1, MAG is undefined and MSG valuss ars used. MSG:.}%{.,K: Aol 5|2 |5el® , _ 5yqSen - Ser Sz
12|

2 |54z 524

MAG = Maximum Available Gain
M3G = Maximum Stable Gain
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NE34018

NE34018 NONLINEAR MODEL

SCHEMATIC
CaED_PKG
I
0.02pF
LD_PKG
SFYYo DRAIN
0.18nH
L cOS_PKG
01pF
FET NONLINEAR MODEL PARAMETERS ™ UNITS
Parameters o1 Parameters Qa1 Parameter Units
VTO -0.6885 RG 4 time seconds
VTOSC [ RD 15 capacitance farads
ALPHA 5 RS 2 inductance henries
BETA 0.1838 RGMET 1] resistance ahms
GAMMA 0.038 KF ] voltage volts
GAMMADC 0.03 AF 1 current amps
Q 1.8 THOM 27
DELTA 0.25 XTI 3 MODEL RANGE
- GHz
val 0.7 =6 143 B s V, Ip=5mAto 40 mA
18 Je-13 VTOTC 1] Date: 687
M 1 BETATCE o
RIS Q FFE 1
RID 0
TAU 4e-12
cDs Qde12
RDE 5000
cBs 1e-11
2GS0 0.89%e-12
CGoo 0.04e-12
DELTA1 0.3
DELTA2 0.05
FC 0.3
VER Infinity

(1) Series IV Libra TOM Maodel
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NE34018

OUTLINE DIMENSIONS iunits in mm)

ORDERING INFORMATION

PACKAGE OUTLINE 18

- 24=02 | 03°41
e 30
e 1.25 = 0.1 h-| ﬂf,qos 2,3,4)
T _ =
— —
20-02 085 2 3 oes
¥ B ¥ 13
'y ')
oea g 065
T 1 4
+0.10
047
005 1. Bource
0 2. Gate
3. Bource
1 4. Drain

|I Ir 1
)\
TDto 04 _?;51‘-%%

09-04 8 i M

Lz Support Applcations

Fin Connections

PART NUMBER aTy Ipss RANGE | MARKING
{mA)
MNE34018-A Bulk upto 3 K 30-120 V63 or B4
NE34018-TI-63-A 3 K/Reel 30-65 VB3
NE34018-TI-64-A 3 K/Reel 60-120 VB4

Thess NEC products ars not imended for wse in ife support devices, applances, or systems whens fie mafuncton of fiese products can rezsonably
be expected to result in personal infury. The customers of GEL using or seling thess products for use in such applcatons do 5o at feirown nsk and
agres to fully indemnify CEL for 2l damages resulting from such improper use or sals.

EXCLUSIVE NORTH AMERICAN AGENT FOR NIEC RF, MICROWAVE & CPTOELECTRONIC SEMICONDUCTORS
EMLIFOHMM EASTERN LABORATCORIES * Hsadquartsms = 45230 Patrick Henry Crive = Santa Clara, GA95054-1817 « (408) 085-2500 = Telax 24-6323 « FAX [408) 8230273

2dHour Fax-On-Demand: 800-280-2232 {15 and Canada onhy} + Internet: htpo W CEL.COM _
@ PRINTED IN USA ON RECYCLED PAPER -12:29

DATA SUBJECT TO CHAMGE WITHOUT NITICE
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Facaimile: (408) 988-0279

Subject: Compliance with EU Directives

CEL certifies, to its knowledge, that semiconductor and laser products detailed below are compliant
with the requirements of European Union (EU) Directive 2002/95/EC Restriction on Use of Hazardous
Substances in electrical and electronic equipment (RoHS) and the requirements of EU Directive
20031 1/EC Restriction on Penta and Octa BDE.

CEL Pb-free products have the same base part number with a suffix added. The suffix —-A indicates
that the device is Pb-free. The —AZ suffix is used to designate devices containing Pb which are
exempted from the requirement of RoHS directive (*). In all cases the devices have Pb-free terminals.
All devices with these suffixes meet the requirements of the RoHS directive.

This status is based on CEL's understanding of the EU Directives and knowledge of the materials that
go into its products as of the date of disclosure of this information.

Restricted Substance Concentration Limit per RoHS Concentration contained
per RoHS {values are not yet fixed) in CEL devices

-A -AZ

Lead (Pb) < 1000 PPM Not Detedied O
Mercury < 1000 PPM Mot Detected
Cadmium < 100 PPM Mot Detected
Hexavalent Chromium <1000 PPM Mot Detected
PBB <1000 PPM Not Detected
PBDE <1000 PPM Mot Detected

If you should have any additional questions regarding our devices and compliance to environmental
standards, please do not hesitate to contact your local representative.

Impartant Information and Disclaimer: Information provided by CEL an its website or in other communications concerting the substance
content of its products represents knowledge and belief as of the date that it is provided. CEL bases its knowledge and belief on information
provided by third parties and makes no reprasentation ar warranty as to the accuracy of such information. Efforts are undarway to bettar
integrate infarmation from third paties. CEL has taken and continues to take reasonable staps to provide rapresentative and accurata
informaticn but may not have conducted destructive testing or chamical analysis on incoming materials and chemicals. CEL and CEL
suppliers consider cenaininformation to be proprietary, and thus CAS numbers and other limited information may not be available for
release.

In no evert shall CEL's labilty arising out of such information excead the total purchase price of the CEL part(s) at issue sold by CELto
customer an an annual basis.

Sea CEL Tems and Conditions for additicnal clarification of warranties and Rability.
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Bias-Tees

5002 Surface Mount
HicH CURRENT 100 kHz to 6000 MHz
‘ [EeLue cELL™
JEBT TCE
FREC). INSERTION LOSS* ISOLATION® (dB) VSWR** CASE | & | PRICE
RANGE (dB) (RF port to DC 1) STYLE E $
H F&DC port to DC c| ea.
wopeL | (VHD (RF&DC p port) 1
NO. L M u L L] u L M u o
- 14, Typ. Max. Typ. Max Typ. Max. | Typ. Min. Typ. Min Typ. Min. | Typ. Max. Typ. Max. Typ. Max.| Noe |w [ (1-9)
JEET-4R2G 10-4200 015 06 0B 1.2 06 1.6 |32 20 40 20 40 B | — — — — — — | \EM |nr| 38Es
JEET-ARZGW 014200 (015 08 06 12 06 16 |25 16 40 2 40 = [ — — — — — — | B |nr| &8ss
(10-48)
NEW TCET.2RSG 20.2500 02 08 03508 07 1.2 [B5 40 44 25 25 20 | 105 1.5 106 1.2 1 1.2 [ Guidl | pr 626
NEW TCET-EG 0-6000 0z 08 07 18 11 25 (82 3@ 2 1B 19 77 |05 1E L1 13 1E 22 | GUIDd | pr BEE
L = low range [f to 10 1] M = mid range [10f to f/2] U = upperrange [f /2o f)]
see suggested PCB layout (PL-146) for TCBT models
features
& wide band coverage 0.1 to 6000 MHz
» low insertion loss 0.4 dB typ.
e Miniature surface mount 0.15"¢0.15" (TCBET models)
=« patent pending
JEBT schamatic TCET schematic
N 24) DC
_ C1 (external)
I 1
[PIN 15) RF AF B DG (PIN 48
RF RF &DC
L———J
NOTES:
4 Non-hermetic
*  Ireertion koss and isolation are guarantesd up to 20 dBm-RF power and 200 mA DC curent
for PETC, JEET, and IFET Series: for TCBET, up to 25 dBm RF & 100mA cument. (tested with ©
enternal=0.01 pF) for ZNET, up to 30 dBm FF power and 500mé DC cursnt.
" VEWR measured with open and short at OC port. For TCET tested with C extermnal =001 pF
= Insertion boes 1 dB Max. and izolation 7 dB Min. 0.1 t20.3 MHz.
¥ Connectors: SMA-F at "RF, and SMA-M at "RF & DC” paort.
For DC port, IFET available with SMA-F and for ZFET-FT availa ble with feedthrough terminal.
For INET-60-1W, N-M at "RF*, N-F at "FF+DC", BNC-F at DO,
A General Qualty Control Procedures, Ervircnmental Specifications, Hi-Rel and MIL
description are given in Gensral Information (Section 0).
E. Casemounted optiors, cass finishes are given in =ection 0, se= " Casse stles & Outline
Drewings™.
. Prices and specifications subject to change without notice.
1. Absolute maximum power, voltage and cument ratings:
la. max. input current: 200 mA, except TOET models, 200 ma.
1b. max. RF power: 30 dBm
lo. max. voltage at 0O port: 300, JEBT series, 25V,
2. DCredstance from DC to RF & OC port: 4.5 ohm typical. 2
g
[ra]
=1
= = = = L} INTERNET http:/fweawr.minicircuits.com
m M I n I -cl rc u Its P.0. Box 3504 &8, Brooklyn, New York 112350003 (71 8) 934-4500 Fax (71 8) 232-4661
Distribution Centers NORATH AMERICA 800-554-7040 » 447-335-5035 + Fax 4 7-335-5045 « EUROPE 44-1252-832600 « Fax 44-1 252-8370H0
222 Mini-Circuits IS0 9001 & 150 14001 Centified
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= Mini-Circuits’
Plug-In & Coaxial

Wipesanp 0.1 o 6000 MHz

IFETY IFET.FTY
FREQ. INSERTION LOSS* ISOLATION® (dB) VSWR** CASE E PRICE

RANGE (dB) (RF port to DC port) (:1) STYLE H $

(MHz) (RF&DC port to DC port) v c| ea.

MODEL q

NO. L ] u L M u L " u & Qty.
- -, Typ. Max. Typ. Max. Typ. Max. | Typ. Min. Typ. Min. Typ. Min. | Typ. Max. Typ. Max. Typ. Max.| MoleB | N (1-9)

FETC.1G 10.1000 005 27 03 07 03 1.0 |2F 20 3 2 30 20 (166 12 106 1.2 11 13| CO7 |hn| 28ED
PETC-3G 10-3000 005 27 03 1.6 10 26 |27 20 30 20 3 20 [106 1.2 113168 16 1.7 | C©O7 |hn| 3BED
4 PETC-1GW 011000 Q1% 04 03 @F 03 10 |2 1§ 31 20 30 20 (106 16 106 1.2 11 138 | CO7  |hn| 3BE0
& FETC.3EW 012000 Q15 08 03 15 10 25 |25 16 30 2 35 20 (108 16 113188 16 17 | COT  |hh| 48E
MEW INETE0-1W 2.5.6000 02 08 06 20 16 22 |75 45 45 26 36 20 |10 15 11 13 135 16 | Ksed | gf| @2ES
IFET-4RZG 10-4200 005 26 06 1.2 06 16 |32 20 40 20 0 20 (106 1.2 193 1.3 113 13 KIE gr| 588
IFATARZG-FT 10-4200 Q15 26 08 1.2 08 16 108 1.2 113 13 10F L3 | Y4Er | nr| s59.85
IFATEG 10-6000 005 6 06 14 10 22 |32 20 40 20 | 1T (106 12 103 1.3 113 15 KIE gr| 7E.E8
IFAT.GGE.FT 10-6000 Q15 06 06 1.4 10 22 106 12 193 13 103 15 | Y4ED | Af| TEES
4 IFET-4RZGW 004200 (005 08 0B 12 0B 16 [ 25 15 40 20 50 20 (106 16 113 13 10F 13 K1E gf | 7EEs
% IFATARZGW.FT 014200 |Q15 0@ 06 1.2 06 1E 106 16 113 1.3 113 L3 | Y4Er | fr| 7985
&+ IFETECW 0I.BM0 (005 08 08 14 10 22 [ 285 15 40 2 3 17 (108 1E 113 13 LIE 1S K1E gr| @oes
% IFET-ECW.FT Q1600 |15 03 05 14 10 22 106 16 193 13 113 15 | YdEa | Ar|  AgEs

L = lowrange [f to 10f] M = mid range [10 f to /2] U= upperrange [f/2tof]

applications

e biasing amplifiers =3
» Diasing of laser diodes —_——
e DCreturn I_ —I
« DC blocking
« good for digital & analog applications | |
A | 2
RF | i + | RF &DC
L

pin & coaxial connections
PORT gl | nr nn hr = NSM GUIDE
RF 1 in E] 16 q MCL N, MSN
FaDS Do e . H IFETARZG 5a55.01-481-4754
o 2| | anomerpins s ommerpins | — IFET-4RZGW-FT 5B95.01-405-8305
ISCLATED g . — — 2 IPET-ARZGW  5895-01-514-2043
DEMO BCARD | — = = = TE.Z64

ey, o 11€ Design Engineers Search Engine In Stock... Immediate Delivery

‘f" Provides Actual Data Instantly Far Custom Versions OF Standard Madels m@ n.;“_ﬂf‘
— At: hitp://waw. minicircuits.com Consult Our Applications Dept. T 223
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Chip Inductors—1206CS Series (3216)

The 1206CS features high SRF and excellent Q values.
Their ceramic cores make 1% tolerances practical and
economical and ensure the utmost in thermal stability,
predictability and consistency.

Coilcraft Designer’s Kit C320 contains samples of all 5%
inductance tolerance parts. To order, contact Coileraft or
visit http:/forder.colicraft.com to purchase on-line.

Inductance2 Percent SRFmin®  DCR max® Ims?

Part number! (nH) tolerance® Q mint (MHz) {Ohms) {mA)
1206CS-050X_L_ 3.3 @ 100 MHz 5 30 @ 300 MHz 6200 0.050 1000
1206CS-080X_L_ 6.8 @ 100 MHz 5 30 @ 300 MHz 5500 0.070 1000
1206CS-100X_L_ 10 @ 100 MHz 5 40 @ 300 MHz 4000 0.080 1000
1206C5-1200_L_ 12 @ 100 MHz 5,2 40 @ 300 MHz 3200 0.080 1000
1206C5-1500_L_ 15 @ 100 MHz 5,2 40 @ 300 MHz 3200 0.100 1000
1206CS-1800_L_ 18 @ 100 MHz 5,2 50 @ 300 MHz 2800 0.100 1000
1206CS5-2200_L_ 22 @ 100 MHz 5,2 50 @ 300 MHz 2200 0.100 1000
1206C5-2700_L_ 27 @ 100 MHz 5,2 50 @ 300 MHz 1800 0.110 1000
1206C5-3300_L_ 33 @ 100 MHz 5,2 55 @ 300 MHz 1800 0.110 1000
1206C5-3000_L_ 38 @ 100 MHz 5,2 55 @ 300 MHz 1800 0.120 1000
1206C5-470X_L_ 47 @ 100 MHz 5,2 55 @ 300 MHz 1500 0.130 1000
1206C5-5600_L_ 56 @ 100 MHz 52,1 55 @ 300 MHz 1450 0.140 1000
1206C5-680M_L_ 66 @ 100 MHz 52,1 55 @ 300 MHz 1200 0.260 900
1206C5-a20X_L_ 82 @ 100 MHz 5,2, 55 @ 300 MHz 1200 0.210 900
1208C5-101X_L_ 100 @ 100 MHz 5,2,1 55 @ 300 MHz 1100 0.260 850
1206CS8-121X_L_ 120 @ 100 MHz 5,21 60 @ 300 MHz 1100 0.260 800
1206CS5-1513_L_ 150 @ 100 MHz 5,21 60 @ 300 MHz 950 0.310 750
1206CS-1813_L_ 150 @ 50 MHz 5,21 60 @ 300 MHz 900 0.430 700
1208CSs221X L 220 @ 50 MHz 5,2, 60 @ 300 MHz T80 0.500 670
1206CS271X L 270 @ 50 MHz 5,2, 55 @ 300 MHz 730 0.560 630
1206053313 _L_ 330 @ 50 MHz 5,21 45 @ 150 MHz 650 0.620 5a0
1206CS5-381X_L_ 380 @ 50 MHz 5,2, 45 @ 150 MHz 600 0.750 530
1206CS-471X_L_ 470 @ 50 MHz 5,2, 45 @ 150 MHz 550 1.30 490
1206C5-561X_L_ 560 @ 35 MHz 5,2, 45 @ 150 MHz 470 1.34 460
1206056210 _L_ 520 @ 35 MHz 5,21 45 @ 150 MHz 470 1.58 460
1206CS-8810_L_ 680 @ 35 MHz 5,2, 45 @ 150 MHz 450 1.58 430
1206C5-751X_L_ 750 @ 35 MHz 5,2, 45 @ 150 MHz 440 2,25 320
1206C5821X_L_ 820 @ 35 MHz 5,2, 45 @ 150 MHz 420 1.82 400
1206C5911X_L_ 2910 @ 35 MHz 5,2, 45 @ 150 MHz 410 2,85 310
1206C5-102X_L_ 1000 @ 35 MHz 5,21 45 @ 150 MHz 400 2.80 320
1206C5-1220_L_ 1200 @ 35 MHz 5,2, 45 @ 150 MHz 380 3.20 300

1. When ordering, specify telerance, termination and packaging codes:

1206CS-122MJ L
Tolerance: F=1% G=2% J=5%
(Table shows stock tolerances in bold.)
Termination: L = RoHS compliant silver-palladiom-platinum-glass frit.
Special order: T= RoHS tin-siver-copper (95.5/4/0.5) of
S = non-RoHS ti-lead (83/37).
Packaging: © = 7" machina-ready reel. ElA-481 embossed plastic
tape (2000 parts per full real).

B = Less than full reel. In tape, but not machine ready.
To have aleader and trailer added ($25 charge), usa
code ktter G instead.

D = 123" machine-ready reel. ElA-481 embossed plastic
tape. Factory order only, not stocked (7500 parts per
full real).

2. Inductance measured using a Coilcraft SMD-A ficdurs in an AgilentHP
42864 impedance analyzer with Coilcrafi-provided correlation pieces.

. @

6.

T
&
a

. Tolerancss in bold are stocked for immediate shipmeant.
. 3 measured using an Agilant’HP 422914 with an AdlentHP 16192 test
ture.

. SRF measured using an Agilent/HP 87200 network analyzerand a
Coileraft SMD-D tast fixtura.
. DCR measured on a Cambridge Technology Micro-chmmeter and a

Coilcraft COFa40 ficure.

. Average current for a 15°C rise above 25°C ambient.

. Operating temperature range -40°C to +125°C.
. Electrical specifications at 25°C.
Sea Qualification Standards section for environmental and test data.
Sea Color Coding section for part marking data.

Specifications subject to change without notica.
Please check our website for latest information.

ACCURATE

COILCRAFT , /iccunate
PRECISION wensurements
seemoex TEST FIXTURES

Document 104-1

Revised 08/23/06

1102 Silver Lake Road Cary, lllinois 60013 Phone 847/639-6400 Fax 847/639-1469
E-mail info@coilcraficom  Web hitp:/iwww_coilcrait.com

© Colorat. Inc. 3006
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S=Parameter files
(M QLR WEE SITE 08 CD

1 1206CS Series (3216) SPCE models

Typical Q vs Frequency Typical L vs Frequency

120 [ 10000
o 1504 22 nH
/‘l
100
i | / 1200 nH
" 150 H .é: // 1000 E 560 nH
20 Y/ s I=="=""=t
v, / £ T50THN
e T |
7z y © -
g A/ g ]
g &0 L § 10 47 nH 4
& M | fen S &
L= B HHH
114 ¥ Z 11T
50 // 2 / = 18 nH]
// v/ L~
a0 ?‘ v 10
. % AL 3.3 H
é:'-' ==l
10 =]
o 1
10 100 1000 10000 1 10 100 1000
Frequency (MHz) Frequency (MHz)

S— 4 Recommended
N erminal wraparound:

terminal eppre 0.015/0,38 bath ends Land Pattern
Amax Bmax Cmax Dref E F G H | J

0140 0085 0080 0020 0056 0020 0080 0078 0040 0070

a8 2148 152 0,5 142 05 20e 483 {02 478

Weight: 19.5-22.0 mg
Tape and real: 20007 resl; TEO0A 2" reel 8 mm taps width
For packaging data == Tape and Resl Specifications section.

iy & Specifications subject to change withoutnatice.
n Please check our website for latest information. Document 104-2  Revised 014406

© Colorat, Ino. 3006

1102 Silver Lake Road  Cary, llincis 60013 Phone 847/630-6400 Fax 847/639-1469
E-mail info@coilerafi.com  Web hitp:/www.coileraft.com
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