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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.  

 

         (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 

2α
α

z
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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 1/8th 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 1/8th 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 



 23

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.  

 

1) 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.  

2) 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.  

3) 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 Ω.  

 

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 Ω 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.  

 

 

 

 

 

 

 

 

 

 

Figure 3.2 : Circuit Schematic of our active antenna 
Legend: 

             - 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 μF, 

40 GHz) was placed in parallel with the low SRF (47 μF, 10 MHz) ones make the 

combination a high SRF capacitor.  

 

The filtered DC is then passed to two points - the resistor R3 (75 kΩ) in the input 

section and the inductor in the main section.  Resistor R2 (549 kΩ) along with R3 

forms a voltage divider bias for the FET. There are two criteria for selecting the value 

of R2. 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 R2 

either adds or reduces the input stability of the amplifier. Based on this, a value of 

549 kΩ was chosen. The RF signal received from the antenna connected to the 

antenna port, travels past the limiter diode through capacitor C0 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-

MΩ 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 Cp1 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 Ω resistor and a 0.1 μF 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 R5 (88.7 Ω) and R6 (50 Ω). This ensures 

that the FET sees a total of 138.7 Ω, but still has output compatibility to a 50 Ω 

system.  Resistor R6 is fixed to 50 Ω but R5 can be varied depending on the gain 

needed decreasing the value of R5 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 Ω 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 < λ/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 Ω and the capacitance was measured to be 10 pF. This 

equivalent circuit was used to theoretically determine the noise figure of the active 

L =4.5” 

Capacitive load 
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antenna, i.e., antenna with the high impedance amplifier. Some of the initial 

simulations also involved the equivalent circuit.  

 

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. 

 

 

 

 

Ra = 25 Ω Ca = 10 pF 

Vac 
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Figure 3. 5    (a) ADS TOM model                                             (b) Pspice 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 

circuit was then formed to match the measurement results.  

PRLC
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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 Ω in series with a 0.8 pF to ground.  

R
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R=1.5 Ohm

C
CLim
C=0.8 pF

 

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

Models for capacitors C0 and Cp1 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 μF 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 

Software Vgs (V) 
Current Drawn 

(mA) 
Power Consumption 

(W) 
Leakage from Gate 

(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. 

 



 45

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 

the setup allows the user to sweep the S-parameters across frequencies. The 

parameter S21 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 

circuit can include transmission lines used in the layout design. 

 

Pspice is limited to AC analysis alone where as ADS can do both. MWO was used 

only for cross-checking the results from ADS so only S-parameter analysis was 

performed on it. The results from each of the software are presented below. 

 

Results  

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

 

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 
frequencies 

(MHz) Software 
 

Model 
 

 Peak gain 
(dB) 

3-dB 
bandwidth 

(MHz) 

Center 
frequency 

(MHz) lower upper 

Pspice 
 

without 
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 

MWO 
 

with 
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 S11 parameter which can be converted to 

Z11 using )1/()1( 1111011 SSZZ −+=  the impedance plot of the amplifier is shown in 

figure 3.12. It can be seen that the amplifier impedance is around 366 Ω 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 Ω. However it is not clearly known why the real 

part of the input impedance shows a low value of 21 Ω rather than 1 M Ω according 

to theory.  
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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: 

2112

22
22

2
11

2
1

SS
SS

K
Δ+−−

=  where 21122211 SSSS −=Δ  

For an amplifier to be unconditionally stable, factor K should be >1 and |Δ| 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: 

 

 

 

 

 

 

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

 

 

 

 

 

 

Figure 3.15:  Stability factor |Δ| 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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(b) 

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 
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input impedance of the radar system that follows it, which is 50 Ω. 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. 

 

Pspice: 

 

 

 

 

 

                                                                          
Figure 3.17:  Simulated noise figure and SNR 

of active antenna amplifier from Pspice 
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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 

Range Software 
 

Average Noise 
Figure (dB) Lower upper 

 
Pspice 

 
2.9 

 
2.7 dB 

 
4 dB 

 
 

ADS 
 

0.9  
 

0.83 dB 
 

1.2 dB 
 

 
MWO 

 
0.85  

 
0.85 dB 

 
1.12 dB 

 
  

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 
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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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(a) 

 

 

 

 

 

 
(b) 

 

 

 

 

 

 

           

             (c) 

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 
level (dBm) 
input output 

Noise Floor (dB) 
 

SNR 
(dB) 

 

Harmonic level    
(dBm) 
 

Gain 
 

           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 
(dBm) 

Desired signal level 
(dBm) 

Harmonic level 
(dBm) 

Input output input output 

Noise 
floor 
(dB) 

SNR 
(dB) harm1 harm2 

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 λ/8 for the highest frequency of operation. λ is 1 m at 300 MHz, so λ/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 
 

 

Figure 3.23 (a): Input Impedance (real, imaginary) of the monopole 
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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.  

 

 

 

 

 



 65

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. 

 

Top Layer

Core (20mil)

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  
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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 R6 were 50 Ω 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.  

 

 

 

 

 

 

 

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”.  

 

 

 

 

       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”. 

 

 

 

 

 

            (a) 

                                                                                              

 

 

 

 

 

              (b) 

Figure 4.4: (a) Layout of monopole antenna with capacitive patch; (b) Final antenna after milling 
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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 Vgs, 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 

Vgs Gate leakage current Current drawn Power consumed 

-1.58 V 0.76 μA 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 μA as compared to 0.4 μA 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-Ω 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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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: 

 

 

 

 

 

 

 

 

 
 

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 S21 parameter measured 

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

4.7.  

 

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  DC power supply (12V). 
 

The network analyzer was calibrated for the following settings: 

Input power: -30 dBm 

Start frequency: 10 MHz 

Active 
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Amplifier

P1      P2 

Network Analyzer 

A R
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Stop frequency: 500 MHz 

Number of points: 1601 

Number of averages: 5 

Cable length: 24” 

 

Results: 

 

Figure 4.8: Measured gain of active antenna amplifier 
Analysis:  

Figure 4.8 shows the frequency response of the S21 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-μF 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 S11 and S22 

measurements. The S11 can be then converted to Z11 using )1/()1( 1111011 SSZZ −+=  

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

of the amplifier. 

 

 

 

 

 

 

Figure 4.9: S11 measured from Network Analyzer 
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(a)           (b) 

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 S11 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 S11. 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 S22 parameter measured 

using the network analyzer. Figure 4.11 shows the S22 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.  

 

 

Figure: 4.11 S22 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).  

 

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 
 

  

Setup: left to right:  50 ohm load  Antenna port of active antenna amplifier  RF port of 
active antenna amplifier  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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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 

21

3

1

2
11

GG
F

G
FFF +++=  where the first stage is the amplifier, the second stage 

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

 

The resultant noise figure is given in the figure 4.14 

 

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 

 

 

 

 
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 active antenna amplifier RF output port  Spectrum 
Analyzer (HP 8592L 9 kHz to 22 GHz).  
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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. 

 

  

 

 

Harmonics Seen 
Reading 
Number 

Input 
Frequency 

(MHz) 

Input 
Power 
(dBm) 

Output 
Power 
(dBm) 

Frequency 
(MHz) 

Level 
(dBm) 

Res.BW 
(kHz) 

Video 
Avg. 

1 125 -40 -32.9 250 -77 300  No 
2 125 -60 -52.78 250  -80 300 No 
3 125 -80 -72.5 - - 300 No 
4 125 -100 -92.1 - - 30 No 
5 125 -115 -100 - - 1 2 
6 125 -118 -110 - - 1 2 

7 125 -119 - 
125.3 
126.0 

-100 
-100.9 

1 2 

Signal Generator (D) 

Active 
AmplifierA R

Spectrum 
 Analyzer 

Signal Generator (J) 
C 

12 V
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Table 4.2 (b): Saturation for setup without jammer 

 

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 

is 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. 

Harmonics Seen 
Reading 
Number 

Input 
Frequency 

(MHz) 

Input 
Power 
(dBm) 

Output 
Power 
(dBm) 

Frequency 
(MHz) 

Level 
(dBm) 

Res.BW 
(MHz) 

 

Video Avg. 
 

1 125 -30 -22.9 250 -60  No 
2 125 -25 -17.96 250 -60 1 No 
3 125 -20 -13.1 250 -51 1 No 

4 125 -15 -8.1 
250 
200 
115 

-35 
-78 
-76 

3 No 

5 125 -10 -6.1 
250 
200 
115  

-22 
-73 
-70 

3 No 
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Table 4.3(a) Minimum Detectable Signal in presence of a strong jammer 

 

Table 4.3(b) Saturation in presence of a strong jammer 

Output power  
(dBm) Harmonics seen 

Reading 
Number 

Desired 
signal’s 

input power 
(dBm) J D Frequency 

(MHz) 
Level 
(dBm) 

Resolution 
BW 

Video 
Avg. 

1 -40 -16 -36.2 

120 
200 
250 
300 

-60 
-42 
-53 
-51 

3 MHz No 

2 -30 -17.1 -26.2 
200 
250 
300 

-39.8 
-44.3 
-49.5 

3 MHz No 

3 -20 -17.1 -17.4 
200 
250 
300 

-36 
-34 
-40 

3 MHz No 

4 -15 -17.9 -13.5 
200 
250 
300 

-35 
-29 
-31 

1 MHz No 

Output power 
(dBm) Harmonics seen 

Reading 
Number 

Desired 
signal’s 

input power 
(dBm) J D 

Frequency 
(MHz) 

Level (dBm) 

Resolution 
BW 

Video  
Avg. 

1 -60 
-16.4 

 
-55. 

 

200 
250 
300 

-40 
-68 
-51 

3 MHz 
 

No 
 

2 -80 -16.48 -77.8 
92.7 
200 
300 

-74 
-41 
-52 

100 kHz No 

3 -90 -16.48 -87.90 
92 

200 
300 

-75 
-41 
-52 

3 kHz No 

4 -100 -17 -93 
92.3 
200 
300 

-72 
-40 
-53 

3 kHz No 

5 -112 -17 -104 
200 
300 

-40 
-51 

1 kHz 2 
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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: left to right: Radar transmitter  delay line  attenuator (50 dB)  power splitter 
(1:8)  attenuator (10 dB) on each channel  Radar LNAs. 

(a) 

 

 

Setup without active antenna 

Radar 
Tx 

Delay 
line 

Radar 
Rx Attenuation 
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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 

Radar 
Tx 

Delay 
line 

Radar 
Rx AA Attenuation 

 Setup with active antenna 
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Channel 5 with active amplfier
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SNR (Channel 1):15.539 dB
SNR (Channel 5):15.669 dB

(a) (b) 

(c) (d) 

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.  

  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
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. 

 



 87

(c)

0 100 200 300 400 500 600 700 800
-150

-140

-130

-120

-110

-100

-90

-80

-70

Range Bins

P
ow

er
 (d

B
)

Spectrum of the recieved signal with Jammer Signal at -60 dBm

 

 
with active amplfier
without active amplifier

SNR (with amp) : 43.15 dB
SNR (with amp) : 42.526 dB

0 100 200 300 400 500 600 700 800
-150

-140

-130

-120

-110

-100

-90

-80

-70

Range Bins
P

ow
er

 (d
B

)

Spectrum of the recieved signal with Jammer Signal at -30 dBm

 

 
with active amplfier
without active amplifier

SNR (with AA):40.31
SNR (without AA): 40.28

0 100 200 300 400 500 600 700 800
-150

-140

-130

-120

-110

-100

-90

-80

-70

Range Bins

P
ow

er
 (d

B
)

Spectrum of the recieved signal with Jammer Signal at -20 dBm

 

 
with active amplfier
without active amplifier

SNR(with AA): 32.36 dB
SNR(without AA):32.63 dB

(a) 
(b) 

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.   

 
 
 
 
 
 
 
  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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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(c)(b) 
 

 
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) 

 

 

 

 

 

 

 

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

 

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
      (b) 
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(c) 

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/λ where d is the largest dimension of the two antennas. The receive 

antenna is connected to port 2 and S21 is the measured. The parameter S21 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 S21 is recorded the gain of the antenna can be found using 

the Friss’ transmission formula. 

 

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. 

 

 

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 1” 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 S21 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 S21 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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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 

 

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. 

 

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.  

 

 

 

 

 

 

 

 

 



 99

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 Ω 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 
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Figure A1: 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: 
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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 

GaAs FET 1 - - 1.43 2.86 NE34018-A 
CEL 

(vendor:Mouser) 
SMA 
connectors 2 - 50 ohm 3.98 7.96 

530-142-0711-
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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