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ABSTRACT 
This thesis report presents an ultra-wide band (UWB) 6-9 GHz antenna, band-pass filter and 

low-noise amplifier (LNA) optimization using co-simulation of the RF front-end. At higher 

frequencies, carefully conducted design methodologies are required for RF front-end parameter 

optimization, such as power gain and low noise figure with low power consumption.  

This thesis includes the design and implementation of following components and circuits: 

rectangular shaped monopole antenna, band-pass filter, and low-noise amplifier. Finally, all the 

components are matched together resulting in a single network.  

Antenna, band-pass filter and amplifier were designed individually and then combined together. 

After this, the metrics of the RF front-end including the antenna were optimized by using co-

simulation. Analyzing the results, supplementary matching networks were added.  

The voltage-standing-wave ratio (VSWR) of less than 1.7 and an input reflection of less than -12 

dB were achieved for the rectangular shaped monopole antenna designed, operating in ultra-wide 

band region. As far as the band pass filter is concerned, short stubbed five-sectioned transmission 

line filter was implemented having an input reflection of less than -10 dB; a VSWR of less than 

2, whereas having its power gain of  0 dB. The low-noise amplifier was impedance-matched at a 

center frequency of 7.5 GHz. A minimum noise figure of 1.201 dB, power gain of 10.482 dB and 

stability characterized by the Rollet factor K = 1.183 were obtained after designed on Roger 

substrate 4360 with dielectric constant, εr of 6.15. The active component in the LNA was the 

transistor ATF-36163 by AVAGO Technologies, a pseudmorphic-high-electron-mobility 

transistor (PHEMT) .The input and output matching networks were simulated on the schematic 

level and then compared accordingly using the transistor‟s S-parameter as well as PSPICE-like 

electrical model. The layouts were also generated and their results were noticed. The simulations 

were conducted using the electronic design automation (EDA) tool Advanced Design Systems 

(ADS) from Agilent Technologies Inc.  Including electromagnetic simulations to observe 

optimize and thus predict the future overall performance of the system. 
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Abbreviations 
ADS  Advanced Design System 

VSWR Voltage Standing Wave Ratio 

PCB Printed Circuit Board 

LNA Low-Noise Amplifier 

PRMA Printed rectangular monopole antenna 

HEMT High-Electron-Mobility Transistor 

PHEMT Pseudomorphic High-Electron-Mobility Transistor 

IMN Input matching network 

OMN Output matching network 

EIRP Effective isotropic radiated power 

BW Band width 

FCC Federal Communication Commission 

GaAs Galli um Arsenide 

NF Noise Figure 

S-parameters Scattering Parameters 

WPAN Wireless Personal Area Network 

EM Electromagnetic 
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1   Introduction 

1.1   Brief Introduction 

The ultra-wideband (UWB) RF front end is in a great demand in wireless communication area, 

covering a band of 6-9 GHz, including the components containing a monopole antenna of 

rectangular shape, followed by a band pass filter and finally a low-noise amplifier. An active 

device of PHEMT transistor is made use of in order to apply it in the low-noise amplifier. A bias 

network is accompanied by radio frequency chokes composed of quarter wave transmission line 

and radial stubs to implement the LNA design part.  

For 6-9 GHz, the centre frequency selected was 7.5 GHz. Throughout the designs; the 

simulations are obtained using the Advanced Design System (ADS) by Agilent. The optimum 

matching networks for an acceptable power gain and minimum noise figure are obtained 

accordingly. 

1.2   Purpose 

The purpose includes the RF front end network designing and matching it in such a way to avoid 

the degradation of the entire circuit performance in terms of its power gain and noise variables.  

The other reason was to get hands on experience over the ADS tool by making use of and 

implementing the passive components with only one active component involved, during 

designing a network with low power consumption. 

1.3   Background 

UWB has become a very promising wireless technology to many applications because of the 

attractive benefits such as it provides low resistance against frequency jamming and multipath 

fading, lower complexity and cost, penetration capacity and low power requirements [1]. In 

today‟s world of wireless communication; faster, cheaper and smaller devices really matters. 

In the middle of 20th century, wide band antenna pattern having larger bandwidths were 

achieved using antennas with different geometrical shapes and sizes.  
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The concept of developing an antenna composed of micro strips was introduced later on by 

Deschamps, and then implemented in mid seventies through antennas that were smaller, lighter 

and cheaper. 

Keeping the concepts in mind and by using the microwave circuits operating in an UWB range 

makes these mentioned attributes accessible by applying micro strip lines and implementing a 

design containing an antenna, band pass filter and low noise amplifier that are the components of 

RF front end receiver. 

1.4   Problem Statement 

In order to connect the antenna to a transceiver, problem generates usually because of impedance 

mismatch as it is to be matched to the RF system impedance of 50 Ω ; even if it is only the case 

for a receiver section excluding the section for transmission that is obtained by adding a power 

amplifier.  

One of the main problems included is that as the noise figure is decreased, the power gain is 

increased and vice versa. So this trade off should be kept in mind plus the overall design size 

should not to be too large, in accordance with its performance. 

1.5   Scope & Organization of Report 

There is a lot of development & growth in the microwave field especially due to the portable 

electronic wireless appliances desired by the consumers in today‟s market. The application 

interface developed for the user as well as the device integration and its connectivity have 

created a great impact; providing a variety of different data rates depending upon the user 

demand with lower purchase rates and less power consumption. The goal behind the design of 

using micro-strip line is to make use of the passive components instead of the active, while 

designing a circuit consuming low power, with higher data rates providing larger bandwidths. 

The work outline is arranged in the form of six chapters. After the introductory chapter 1, the 

report is further divided into following chapters later on: 

 Chapter 2 explains the design and simulations involved in developing a monopole antenna. 

 Chapter 3 is dealt with the band pass filter design & its simulation results. 
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 Chapter 4 discusses the low-noise amplifier (LNA), along with its matching networks using 

the Electrical and S-parameter transistor models. 

 Chapter 5 explains all the components in a combined form to develop an RF front end 

design. 

 Chapter 6 includes the design conclusion and work to be done in future. 
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2   Monopole Antenna Design 

2.1   Antenna Introduction 

Antennas are meant for sending as well as receiving information in the air. They are either the 

first or the last part of a transceiver system and therefore are an essential part of the system.  

Antennas are regarded as transducers, because of converting electrical energy into 

electromagnetic waves and conversely, electromagnetic waves into electrical energy. 

Antennas operate at various frequencies; the bandwidth varies from antenna to antenna. Different 

antennas send electromagnetic waves in different directions. Efficiency of the system can be 

enhanced by choosing an appropriate antenna for a specific task. 

2.1.1   Specification 

The substrate Rogers 4360 is to be used for the antenna design while simulating it. Here in Table 

1 (a) shows the applied substrate along with its parameter values as mentioned: 

Table 1 (a) Substrate parameter values 

Substrate Rogers 4360 

Height 0.305 mm 

Permittivity 6.15 

Loss tangent 0.0038 

Metal thickness 25 たm                  

Conductivity 5.8E7 

 

2.2   Verifiable Goals 

The goal of designing a monopole antenna having a bandwidth of 6-9 GHz with its center 

frequency of 7.5 GHz includes: 

a. S11 response that is the input port voltage refection coefficient should be less than -10 dB. 

b. Measuring its VSWR< 2 is desired. 

c. Efficiency greater than 70 percent. 
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2.2.1   Antenna theory 

Radiation Pattern: The way radiation is spreading out from the antenna; if it would have been 

isotropic the power would have been equal everywhere around the antenna. But the Omni 

directional antenna is only theoretical and ideal. For an Omni directional antenna, the directivity 

is 1, where as in real antenna the value differs. 

Directivity: It is a measure of how directional is the radiation pattern of the antenna. 

Efficiency: The efficiency of an antenna relates the power delivered to the antenna and the 

power dissipated within the antenna. The efficiency can be written as the ratio of the radiated to 

the input power of the antenna. 

Gain: The Gain of an antenna basically shows that how much power is transmitted in the 

direction of peak radiation to that of an isotropic source. 

Radiation pattern: Defines the variation of the power radiated by an antenna as a function of 

the direction away from the antenna. 

Bandwidth: Describes the range of frequencies over which the antenna can properly 

radiate/receive energy (i.e., 1<VSWR<2). 

Polarization: The polarization of an antenna is the polarization of the radiated fields produced 

by an antenna, evaluated in the far field. 

Far Field (Fraunhaufer) Region: The far field is the region far from the antenna. In this 

region the shape of radiation pattern does not change with Distance. E and H field are in phase 

and orthogonal to each other. It is expressed in equation 2.1[2]. 

                                                                                                                                             (2.1) 

Reactive Near Field Region: In the immediate vicinity of the antenna, there is a reactive 

near field, where the fields are predominately reactive fields, which means the E and H fields are 

out of phase by 90 degrees to each other. Equation for such region is mentioned in equation 2.2  
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                                                                                                                                        (2.2) 

Radiating Near Field (Fresnel) Region: It is the region between the near and far fields. In 

this region, the reactive fields are not dominating [2]. 

2.2.2   Background of Printed Wideband Monopole 

A monopole  antenna is similar to a dipole  antenna but it is cut in half and with a  ground plane 

as seen in the Figure  2.1. 

The directivity of a monopole  is  twice  that  of  a  dipole  because of  all  the  energy that should 

have been transmitted below the ground plane is now transmitted in  the monopole. Monopole 

length is そ/4 whereas that of a dipole antenna is そ/2 [3]. Monopole antennas in different 

dimensions can be seen in Figure 2.2 

 

 

Figure 2.1 Monopole Antenna in general 
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Figure 2.2 Various regular shaped PMAs with different feed configurations [3] 

 

2.3   Printed Wideband Monopole Antenna 

From the theory of monopoles it was decided to make a rectangular shaped monopole antenna 

with a ground plane on one side of substrate and antenna (radiator) on other side.  

2.3.1   Substrate  

In ADS the substrate was set to the Rogers substrate 4360.The substrate has free space layers on 

both sides of it and it has two metallization layers on each side of the substrate, one is antenna 

side and the other is for ground. It is shown in Figure 2.3  

 

 

Figure 2.3 Rogers substrate 4360 
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 2.3.2   Design of Antenna 

Theoretically, the monopole antenna shows that the length should be そ/4. Higher the frequency, 

smaller should be the size of the antenna and vice versa. Design specifications included are 

mentioned in table 1 (b) as following: 

Table 1 (b) Dimensions of antenna. 

 Height Length 

Radiator 12 mm 10 mm 

Feed Gap 1.10 mm  

Feed Line 0.6 mm (width) 9.3 mm 

Ground H 70 mm 20 mm 

 

At first square monopole antenna was taken but then was adjusted to rectangular shape with 

height that was actually enhanced from 10 mm.  

This gives the size (Area) of the rectangular antenna equal to 12 mm x 10 mm. It was used 

instead of using 10x10 for a squared shape antenna. Figure 2.4 depicts this monopole antenna 

below.  
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                Figure 2.4 Depiction of monopole antenna. 

2.3.3   Feed Line, 50 Ω 

Using Line Calculator in ADS, a 50 Ω half wavelength feed line is produced to connect to the 

antenna having the calculated values of width and length equal to 0.6 mm and 9.3 mm 

respectively.  

Ground plane: 

The distance from antenna and ground plane changes the current flow in the antenna and 

therefore also changes the resistance in it. This phenomenon is actually used for matching the 

antenna to the feed line of 50 Ω. The large sized ground plane of rectangular shaped antenna 

designed is meant for compensating for the ground of LNA. 

2.3.4   Matching the Antenna for 50 Ω 

To find the matching of the antenna the value of feed line gap p, see Figure 2.2, different 

dimensions can be tested for seeing the different impact of these values. Schematic symbols can 

be created with parameters of all dimensions of the antenna size and ground plane size in 

Momentum Component parameters.  The ground length can also be swept for S-parameters 

 

  Feed line 
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response, in order to find the optimum matching value. Layout of monopole antenna constructed 

after its momentum simulation can be seen in Figure 2.5. 

 

Figure 2.5 Antenna layout of monopole 

 

2.4   Results Wideband Monopole   

In Figure 2.6 (a), the S11 response that is the input port voltage reflection coefficient of monopole 

antenna obtained after simulation is having minimum value and lies below -12 dB throughout the 

6-9 GHz band. 

In Figure 2.6 (b) shows that VSWR lies below 2 throughout the 6-9 GHz band, which is as it is 

desired because it goes up to a maximum value of 1.65 and not more than that. Where as in 

Figure 2.7 the efficiency of the designed antenna can be observed, that is about 70 percent.   

 

Figure 2.6 (a) Input voltage refection coefficient S(1,1) versus Frequency 
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Figure 2.6 (b) VSWR versus Frequency 

 

 

Figure 2.7 Antenna Efficiency in terms of percentage versus angle 

2.5   Monopole Antenna Summary 

Monopole antenna is close to an isotropic  antenna, it means that the Monopole  is  an  Omni  

directional  antenna  having  radiation  on  both sides of it. Gain as well as Directivity mostly 

gets larger as we move to higher frequencies because due to the electrical length gets smaller at 

higher frequency; that is also the effect that causes the antenna to have a larger bandwidth. By 
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going to momentum visualization in ADS and then looking at Far Field, the antenna parameters 

included the radiated power of 0.0072 Watts, Effective angle of 3.296 Steradians, Maximum 

intensity 0.0021Watts/ Steradian, Gain of 4.476 dB and Directivity of 5.811 dB. The bandwidth 

gets increased as the substrate thickness is increased. By this, the antenna gets larger and hence 

can receive more signals. Because of the skin effect, at higher frequencies the current is 

concentrated at the edges of the antenna. 
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3   Design of Band Pass Filter 

3.1   UWB Fundamentals 

The technology that is emerging and getting renowned is Ultra wide band (UWB) technology 

and is applied in engineering fields of healthcare, autonomous aerial and ground vehicles 

carrying radars for military purpose, as well as including precision radar imaging. 

The Federal Communications Commission (FCC) has authorized the unlicensed use of UWB 

covering the range from 3.1 GHz to 10.6 GHz. Its specialty is that it consumes low power and 

provides very high data rates. 

Band pass filters can be structured in various ways depending upon the UWB requirement. 

Designs that have been implemented are based upon quarter wavelength using three sections and 

five sections, coupled line filter design as well as both the coupled line and butterfly stub 

together.  

3.2   Types of Filters 

Filter can be defined as a transmission network meant for selectively modifying the components 

of a signal according to the desired frequencies. Mostly filter is used for enhancing the signals of 

required frequencies and attenuating (stopping/rejecting) the frequencies not required. 

Characteristics of an Ideal filter are impossible to achieve i.e., all the unwanted frequencies are 

suppressed by such filter. Such filters cannot be designed but can be reached to its close values. 

Characterization of filters can be done in many ways.  

In Figure 3.1, it shows a general implementation of Band pass filter in series configuration. 
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Figure 3.1 Band pass LC circuit 

Filters, in which the frequencies are selectively passed, are referred to as the pass band filters. 

Those which are attenuated are termed as the stop band filters. Whereas, a low-pass filter passes 

all frequencies below a specific cut off frequency and rejects those that are above them. A high 

pass filter has exactly the opposite working of the low-pass. An ideal band pass filter will pass a 

frequency band and will reject all others. A band reject filter will reject a frequency band and 

will pass all the other frequencies. Finally an all pass filter passes all the frequencies, along with 

modifying the time delays. These main filters are described later onwards.  

3.2.1   Difference between High and Low pass Filter 

In High Pass filters all the frequencies are allowed to be passed that lie above the cutoff range. 

Whereas, it attenuates the frequencies lower than cutoff frequency, as their working principle is 

reverse to low pass filters. Lower frequencies are not allowed to be passed through such filters 

because of the attenuation level reaches infinity for them.  

For EM theory, attenuation is real part of complex propagation constant= α, that is converted to 

dB by using equation 3.1, where z is transmission line length. 

                                                                                                                                 (3.1) 

The graph of attenuation versus normalized angular frequency can be understood by looking at 

Figure 3.2 [4]. 
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Figure 3.2 Attenuation versus normalized angular frequency for High pass filter 

 

In case of Low Pass filters, these filters allow the frequencies signals that lie between DC and 

some upper limit corner/cut off frequency, c; whereas it stops the signals that are above c 

range. Its transfer function expression can be written as given in equation 3.2:                                                                                                                                 (3.2) 

 

Figure 3.3 Atteﾐuatioﾐ, α veヴsus ﾐoヴﾏalized aﾐgulaヴ fヴeケueﾐcy, Ω 
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Similarly, the attenuation factor can be expressed in the form of Equation 3.3 as:                                      )                                                                         (3.3) 

The amount of Attenuation and Amplification is indicated in the design phase of the filter later 

on in section 3.3 onwards by using S-parameters that expresses the device characteristics. 

General attenuation graph with respect to normalized angular frequency i.e., Ω =     , where    denotes the cut-off frequency for low pass as well as high pass filters and center frequency 

for band pass and band stop filters.  Attenuation, α versus normalized angular frequency, Ω for 

low pass filter can be seen in Figure 3.3 [4]. 

3.2.2   All Pass filter  

It passes all the frequencies, along with the modification of signal‟s time delay. The amplitude 

remains unchanged but the phase is changed. As the design is meant with passive band pass 

filters instead of active, so actually in passive filters, the output power obtained is always less 

than that at the input side.  

The characteristic of passive filters can be described by applying the transfer function (for lower 

frequencies) and the attenuation function (for microwave frequencies).  

3.2.3   Band pass filter 

Such filters are designed to allow the frequencies that lie in between Ω1 and Ω2, whereas it 

rejects the frequencies outside Ω1 and Ω2.  

Its bandwidth can be represented as the difference between initial and final frequencies as given 

in Figure 3.4 as followed [4]. It passes a desired band of frequencies from an existing bandwidth 

while stopping the other unnecessary frequencies. It possesses two stop bands and two pass 

bands for allowing a band of frequencies to be passed. It is actually a combination of high and 

low pass filter. 
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Figure 3.4 Attenuation versus normalized angular frequency for band pass filter 

 

3.2.4   Band stop filter 

Its working principle is the reverse of band pass filter i.e., does not allow the frequencies that lie 

in between Ω1 and Ω2; whereas it allows the frequencies outside Ω1 and Ω2. 

 

Figure 3.5 Attenuation graph for band stop filter 
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It possesses different names as band reject and sometimes as notch filter too. Its difference from 

the band pass filter can be made clearly by looking at its attenuation graph in Figure 3.5 [4]. 

3.3   Designs Implemented 

Different band pass filter designs were made in order to check their performance ranging from 

three sectioned short stub band pass filter, five sectioned short stub band pass filter to coupled 

line filter, and finally the design containing a combination of butterfly plus coupled line filter. 

3.3.1   Three sectioned short stub band pass filter 

This type of design can be implemented by making use of micro strip lines with different widths 

and lengths as seen and ordering them accordingly in three sections. Figure 3.6 represents the 

schematic of filter designed using three sections having short stubs. 

 

           Figure 3.6 Filter schematic 

It usually has features that includes good filtering performance and provides fewer losses.  

But in Figure 3.7 simulation results obtained for it shows that although forward gain S(2,1) 

comes in the range of -3 dB in 6-9 GHz band but the input reflection S(1,1) starting from 0 dB at 

3 GHz is achieving greater than -5 dB throughout 6-9 GHz, which is not a good sign because -10 

dB and values below is the optimum range from design point of view with the inclusion of low 

losses at the input.  
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Figure 3.7 Simulation results 

3.3.2   Five sectioned short stub band pass filter 

By adding more sections to such filter results in better performance and desired results. Figures 

3.8 and 3.9 mentions the results obtained. In Figure 3.8 the forward gain S(2,1) is almost 0 dB 

flat in 6-9 GHz  region, where as S(1,1) curve below also shows less reflections at the input. The 

schematic and layout design for five sectioned short stub band pass filter are listed in Figures 

3.10 and 3.11 respectively. 

 

Figure 3.8 Simulations results for five sectioned filter 

S11 

S21 

S21 

S11 
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Figure 3.9 Performance results 

 

 

Figure 3.10 Schematic five sectioned filter 

 

Here in Figure 3.10 the five sections if counted are clearly visible starting from the first MTEE 

junction on the left most side to the last one on the extreme right and having the three MCROSS 

junctions in the middle of them. At every section the frequency band is filtered out to the next 

section before reaching the output terminal.   
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Figure 3.11 Layout for five sectioned band pass filter 

 

3.3.3   Coupled line filter 

This kind of filter is easy to design through its variables of length and width. The sections of the 

coupler are treated as being sections of a filter in a way that by changing the length and width of 

its micro strip lines, it changes its filtering characteristics accordingly.  

The S-parameter simulations were done from frequencies of 4 GHz to 12 GHz and the results 

obtained can be seen in the figures ahead. Figure 3.12 shows a schematic based coupled line 

filter. 

 

Figure 3.12 Schematic Coupled line filter 
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Forward gain S21 in upper curve is nearly -3 dB from 6-9 GHz band. Its input reflection S11 

reaches -5 dB in the desired band which is not that suitable for design. The performance results 

for coupled line filter are shown in Figures 3.13 and 3.14 respectively. 

 

 

Figure 3.13 Forward gain and input reflection simulation results 

 

 

 

Figure 3.14 Performance results 

S21 

S11 
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In figure 3.14 the performance results are based upon the following parameters i.e., the lower 

stop band edge takes place at 5 GHz and lower pass band edge at 6 GHz. Where as far as the 

upper stop band edge and pass band edge are concerned, they can be seen at 10 GHz and 9 GHz 

respectively. The attenuation of 70 dB at stop band edge and attenuation of 5 dB at pass band 

edge are selected for this purpose. 

3.3.4   Combination of Butterfly plus Coupled line filter  

Butterfly filter are good as compared to coupled line filters as they are smaller in size as well as 

easy while designing because they require butterfly stubs between micro strip lines. But the main 

hurdle is that for larger bandwidths they are not suitable. In order to get rid of such problem both 

butterfly filter and coupled line filter are combined together resulting in a mixed design as can be 

seen in Figures 3.15 and 3.16 

 

 

Figure 3.15 Mixed filter schematic 

 

 

Figure 3.16 Mixed filter Layout  
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Table 2. Values for components utilized 

 

 

                Figure 3.17 Schematic results of mixed filter design 

 

Such kind of filter is also suitable from design point of view, allowing a whole band of 6-9 GHz 

frequency to be passed away without any rejection.  

Although, the forward gain S(2,1) is greater than -3 dB giving more than half of the power at 

starting and ending phase of the band but the input reflection noticed is not below than -5 dB 

from 6.6 GHz to 8.6 GHz region of the band, that does not show a good sign from design point 

of view.  

The coupled line filter schematic, layout and schematic results after simulation are shown in 

Figures 3.15, 3.16, 3.17 respectively. According to S(1,1) in Figure 3.16, its simulation results 

shows accompanied losses by the filter at its input terminal. Its forward gain S(2,1) is pointed out 

by curve marked with m1 and m2. Whereas table 2 shows the components values used in the 

design.  
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Spacing 
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  0 
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  89 

 

2.5 
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  0 
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5.25 

 

0 

 

0 

 

0.08 
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3.4   Filters Comparison 

From the comparison point of view, the simulation results obtained for all the different types of 

filters in this chapter, shows that the forward gain S(2,1) as well as the input reflection S(1,1) for 

higher order filter i.e., with more sections of five or above results in optimum values showing 

S(2,1) nearly 0 dB and S(1,1) below -10 dB throughout the band of 6-9 GHz.  

 

So, this particular filter design with five sections should be implemented. Next step includes the 

LNA design and afterwards the matching of two components i.e., band pass filter with the 

amplifier and then followed by adding the antenna, and re-matching the whole network to obtain 

the overall performance results.  
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4   Low Noise Amplifier Design 

A:   Brief Introduction of LNA 

LNA has applications in wireless communication systems such as wireless local area network 

(WLAN), systems including mobile and satellite communication. It plays an essential role at the 

receiver end because when very weak signals are received then this device provides the 

amplification of such signals, in order to extract the required information from those signals.  

It amplifies the weak signal with an acceptable gain and a low noise figure. It is an important 

component of receiver‟s front end, as it is meant for minimizing all other noise induced 

elements. The more sensitive the radio receiver is, the better is the performance of the low noise 

amplifier.  

B:   Amplifier Design Steps  

The steps involved in designing the low noise amplifier include:  

• Transistor supported by ADS along with its Direct Current (DC) and S-parameter simulations 

to be obtained.  

• For transistor biasing, use the S-Parameters of the ATF 36163.The biased point is found for 

transistor operation in the active mode at a certain frequency with minimum noise figure and 

suitable gain.  

• Stability of the transistor to be checked, if it is conditionally stable.  

• Input matching network and output matching network are achieved by using the Smith chart.  

• Line calculator helps in calculating the width and length of micro strip lines. 

• For Layout component IMN and OMN design, the schematic of both input matching network 

(IMN) and output matching network (OMN) are transformed by running the momentum layout.  
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C:   Specifications  

Design specifications are mentioned below:  

• RF transistorμ For lower frequency bands, a bipolar transistor is selected, if noise does not play 

a critical part. For higher frequency band GaAs MOSFET is applied. So, Avago ATF-36163 a 

unipolar transistor is selected. Its datasheet provided by Hewlett Packard hp is consulted for 

connecting its pins and package marking which helps in orientation and identification. Plus for 

generating its pads layout dimensions, the same datasheet is used. 

Table 3 ATF-36163 Absolute Maximum Ratings 

 

• Frequencyμ ATF-36163 is used that is a low noise Pseudomorphic High Electron Mobility 

Transistor (PHEMT) and it can be operated even at 18 GHz frequency. For 6-9 GHz band, its 

center frequency used is 7.5 GHz.  

• Noise Figure and Gainμ Designing the low noise amplifier having the capability to minimize the 

noise figure that is acceptable but in return having a maximum power gain too.  

• Substrateμ The Roger substrate 4360 with all its parameter values same as listed in table 1(a).       

• Transistor: Selection of transistor is an essential step while designing an LNA. The transistor 

should exhibit high power gain, have a low noise figure and offer high IP3 performance at the 

lowest possible current consumption. Examination of a data sheet is a good starting point in a 

transistor evaluation for LNA design. The ATF-36163 transistor by AVAGO Technologies was 

Symbol Parameter  Value 

VDS Drain to source voltage                       +3.0  V 

VGS Gate to source voltage -3.0   V 

VGD Gate to drain voltage -3.5   V 

ID Drain current Idss mA 

PT Total power dissipation 180  mW 

Pin max Input power (RF) 10    dBm 

TCH Temperature of channel 150 C 
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considered as it was suitable for the entire band of operation to be worked upon and due to some 

of the properties as seen in table 3. 

D:   Characteristics of LNA  

In analog circuit theory, amplification of very weak input signals using a single stage/multistage 

transistor plays an essential role.  

 

Figure 4.1 Single stage transistor model 

General single stage transistor which is normally packed between the input matching network 

(IMN) and output matching network (OMN) can be seen in Figure 4.1   

The RF Source is the first point that is connected to the amplifier network. Pinc is the power 

incident to the amplifier. Whereas, the real input power Pin is a combination of incidence plus 

reflected power at the input terminal of amplifier. Maximum power transfer from the RF source 

to the amplifier‟s input is obtained through the IMN where it matches the source impedance to 

the load impedance that can be expressed as Zin = Zs*; in order to have a maximum power 

transfer. In case of reflection coefficients to be observed, maximum power transfer from source 

to load can be seen when Γin = Γ*s.  

In the same manner for output, maximum power transfer from the output terminal of the 

amplifier to the load can be obtained using the OMN that matches the output impedance of the 

amplifier to the load impedance expressed as Zout = Z*L. 

 If reflection coefficient is considered in this case, then the maximum power is transferred when 

Γout = Γ*L.  
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Amplifier is characterized by its S-parameters but at specific DC bias point, as can be observed 

in the Figure 4.1 above. Amplifier‟s performance deterioration mostly occurs due to presence of 

harmonics; inter modulation distortion product as well as heating also plays its part etc.  

Performance specifications of an amplifier are usually defined by parameters such as:  

a. Operating frequency as well as Bandwidth 

b. Output Power  

c. Requirements for Power supply 

d. Power Gain (Ratio of Output power to Input power) 

e. Input and output reflection coefficients  

f. Noise Figure  

Where Noise Figure in dB,                                                                             (4.1) 

Goals regarding the LNA design include the following: 

1. Power Gain greater than 8 dB 

2. Stability greater than 1 

3. Noise Figure less than 2 dB 

E:   Bias Point Determination  

For biasing, it is necessary to select a quiescent point or an operation point for the transistor 

applied. After that, the biasing network should be designed. Signal attenuation sensitivity is less 

at this point.  

From the Avago data sheet, the optimum noise figure can be achieved at IDS 20 mA and VDS 

1.5 V.  

4.1   S-Parameter Simulation using two port model 

At higher frequencies, there are two approaches in order to model the transistors i.e., small-signal 

model and large signal model or in other words using S-parameter model and Electrical model. 

For particularization of a two port description of the transistor, a measured S-parameter (small- 

signal) model is used.  Two port model of the amplifier as seen in Figure 4.2 using S-parameters 
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simulation is designed to give a description about the behavior of amplifier applied that is in 

terms of S2P data file. The S-parameters or Scattering parameters are used, because the design is 

dealt with high frequency. 

 

                                                          Figure 4.2 Two port model 

 

4.1.1   S-Parameters in general 

Scattering parameters are the building blocks for two port networks to generate higher order 

matrices for larger networks. 

S11 is the input port voltage reflection coefficient. 

S21 is the forward voltage gain. 

S12 is the reverse voltage gain. 

S22 is the output port voltage reflection coefficient  

Scattering parameters characterize the two port networks (through which the instabilities can be 

analyzed earlier; also the maximum gain, input and output impedances). 

The scattering parameters also help in computing the optimum source as well as the load 

impedances.  

4.1.2   Power Gain and Stability results  

For analyzing the desired network characteristics, the ADS schematic network tool is used to 

design the circuit.  

The S-parameters versus frequency can be analyzed through the results obtained mentioned in 

next figure by selecting the tab Simulation-S_Param and simulating it from frequencies of 6-9 
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GHz. The Amplifier design guide tool can be used for obtaining results for gain, stability, noise 

figure and other parameters. 

Here in Figure 4.3 the forward gain, reverse gain along with input and output reflection 

coefficients at the required frequency are observed first after simulating with respect to S- 

parameters. 

 

Figure 4.3 Different S-parameters using S-parameter (small-signal) model 

 

The optimum results obtained at the desired frequency included the Power Gain of 11.7 dB at 

center frequency of 7.5 GHz in terms of S21 shown in line with circles in upcoming Figure 4.4 

(a). Where, as far as the stability is concerned, a stability factor of 0.94 is achieved as it is listed 

4.4 (b)  
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            Figure 4.4 (a) Power Gain along with Maximum Available Gain 

   

          Figure 4.4 (b) Stability factor results showing unstable behavior  

 

4.1.3   Stability Analysis  

While designing the LNA, the device should be stable i.e., with a stable output and the band 

should be free from vibrations throughout. For device stability, the stability factor (K) with its 

equation given in equation 4.2, should be at least more than 1. As the factor K is less than 1 

indicated in Figure 4.4 (b), the device becomes unstable. There are few stabilization network 

types that can be implemented. 

If a resistance is placed in series or parallel, stability can be observed in the circuit. If a resistance 

is placed in series before the transistor, it can result in some thermal noise at the input thus 
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increasing the noise figure of the system and thus causes inefficiency for low-noise amplifier. So 

for stability purpose, a resistance with value of 35.7 Ω is placed in series after the transistor at 

the output and it will act as if it is integrated as a part of the two port transistor model.                                                                                                                (4.2) 

Where                 

4.2   Biasing PHEMT transistor 

As the ATF 36163 transistor is a PHEMT that is basically an FET type and is a mono-polar 

device that carries one carrier in the form of electrons or holes, in order to carry current to pass 

through the channel. If it carries holes, it is termed as a p-channel FET. But as in this case 

electrons play a contribution so it can be called as an n-channel FET. In addition to that, FET can 

be controlled by voltage. By changing the voltage at gate, current from source to drain can be 

controlled. FET has different types depending upon their construction. The PHEMT used is 

actually a heterogeneous FET, that means it has interface between two layers of semiconductor 

and it uses transitions rapidly from one layer to another i.e., AlGaAs to GaAs layers. Its 

schematic is mentioned in Figure 4.5. 

                                      

Figure 4.5 Heterogeneous FET (PHEMT) schematic 

Biasing networks have two types‟ namely passive biasing and active bias networks.  

In passive biasing, the network is made up of resistive components, the circuit design is simple 

but its one drawback is that of weak temperature stability.   
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In case of active biasing additional active components are required plus power consumption is 

more. Although its temperature stability is excellent but it includes a complex circuitry as 

compared to the passive bias network.   

4.2.1   Simulation for IDS-VDS Characteristic 

Determination of the output characteristics of a transistor can be achieved through Electrical 

(large-signal) model by using the simulation template in ADS tool. From the data sheet, the 

biasing point can be seen and VGS is found accordingly at that point. For transistor biasing, it is 

necessary to select a Quiescent point or an operation point for it. For such reason, the following 

circuit is designed as shown in Figure 4.6 (a). The absolute maximum ratings of ATF-36163 are 

3 V and -3 V for VDS and VGS respectively, according to the transistor data sheet provided by 

Avago. So for output characteristic of the transistor a simulation is done by sweeping the VGS 

and VDS values using the sweep parameter.   

  

Figure 4.6 (a) Q point determination schematic

 

Figure 4.6 (b) FET Curve tracer results 
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Determination of quiescent point, Q for Electrical (large-signal) model using FET curve tracer in 

ADS is seen in Figure 4.6 (b), which shows that operation point is determined with smooth VGS 

curves and no sharp transition can be noticed while moving from linear to its saturation region. 

The following transistor applied consumes only 0.029 Watts for its operation having VDS of 1.5 

V, IDS of about 20 mA at VGS of -0.04 V. At this stage it can be concluded that large-signal 

model is suitable for bias network design.    

4.2.2   Biased Network 

As far as the biased network is concerned, a passive (self) biased network was designed as it is 

shown in Figure 4.7 along with its resistance values that are used in its circuitry.  

 

Figure 4.7 Passive (self) biased network design 

This biasing involves a resistor between drain and DC supply voltage, while the other resistor 

placed between ground and source. Passive (self) biased network configuration in Figure 4.7 is 

shown. When a supply voltage of 1.54 V and VGS of -0.04 V was applied, the drain current 

obtained was equivalent to 19.6 mA that is approximately close to 20 mA. If any ideal 

components are used comprising of DC blocks and DC feeders, they should be replaced with the 

capacitors and inductors accordingly. 

4.3   Initial Model Comparison 

At this stage, the S-parameter (small signal) model and Electrical (large signal) model results 

obtained can be compared in terms of their input reflections S(1,1) and their forward gains as 

well, in order to observe a slight behavior of two models.  
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The outputs generated for both models can be seen in Figure 4.8 as followed:  

  

  

Figure 4.8 Input reflection S(1,1) and Forward gain S(2,1) for S-parameter (small-signal) model and 

Electrical (large-signal) model networks. 

In Figure 4.8 the center frequency 7.5 GHz where circles show electrical model results. It can be 

seen that its entire parameters decline in such case over the whole band, as compared to the S-

parameter model shown with triangles that exhibits better results so far. 

The noise figure when observed for S-parameter (small-signal) model at highest frequency of 9 

GHz reached 0.97 dB, whereas for Electrical model it was highest at 6 GHz i.e., about 1.19 dB. 

Their DC annotations can also be noticed after simulating.  
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Figure 4.9 Electrical (large-signal) model S-parameters simulation results 

Given above are the electrical model simulation results obtained for the model out of which 

some of them have already been compared previously to the S-parameter (small-signal) model 

results in Figure 4.8. 

Table 4 Values for forward and reverse gain 

 

Forward Gain @7.5GHz 

 

Reverse Gain @7.5GHz 
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Electrical (large-signal) model scattering parameter results after simulation can be seen in Figure 

4.9, whereas the Forward and Reverse Gains at 7.5 GHz are listed in table 4. 
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4.4   RF Choke Design 

In the amplifier design, the RF signals and DC signals exist together but they should not interfere 

with one another and to avoid that an RF choke design is necessary to block the RF signals to 

enter the DC path. The term named choke call for a RF block. It can be made by using a quarter 

wave transformer and radial stub together to operate effectively by chocking the RF signals and 

basically isolating them at high frequencies like micro-strip band stop filters.  

Its design from schematic point of view and its results in terms of forward gain and input 

reflection are mentioned in Figure 4.10 and 4.11 respectively. Here in Figure 4.11, the S11 

reaches up to -48 dB at 7.5 GHz; it shows how much RF path is loaded actually. And S21 

represents the transmission coefficient along the RF path; it is ideally 0 dB at the RF frequency 

as seen in the flat line across 0 dB. 

                   

             Figure 4.10 RF Choke design 
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             Figure 4.11 Input reflection coefficient S(1,1) and Forward gain S(2,1) 

RF Choke designed has its quarter wavelength transmission line width of 0.424907 mm, where 

as the length lambda41 selected for it is 4.815130 mm. The Radial stub applied possess length 

lambda 4R of 3mm and the angle theta defined for it is equal to 70 degree. Instead of radial stub, 

a butterfly stub can implied for providing larger bandwidth but then it size will get larger. Its 

simulation results achieved shows the RF signal being choked at 7.5 GHz, as can be seen in 

Figure 4.11 that shows it in terms of its reflection coefficient at the input S(1,1) versus its  

Forward gain S(2,1). 

4.5   Micro-strip transmission line Matching Networks  

During the design, as the power gain should be high enough and on the other hand, the noise 

figure should also kept low, so matching the source impedance to load impedance over the ultra 

wide band at 50 Ω is a hard task. To accomplish this, main tasks included were the design of 

input and output matching network sections using micro strip transmission lines as shown in 

Figure 4.12 (a).  

By using smith chart utility the IMN and OMN can be designed by setting up first the 

frequency/impedance at the center frequency 7.5 GHz. Then Zopt should be edited in the field 

under Smith Chart window and IMN can be designed by selecting the passive components. 

Similarly, the corresponding ZL can be used in order to get OMN. All the electrical lengths can 

be transformed into width and lengths using the line calculator. The maximum power transfer 

from the RF source to the amplifier‟s input is achieved through the IMN where Zin = Zs*.In case 
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of reflection coefficients, maximum power transfer from source to load occurs when Γin = Γ*s. 

Similarly for the output, maximum power transfer can be obtained using the OMN when Zout = 

Z*L. In case of reflection coefficient, maximum power is transferred when Γout = Γ*L, as 

discussed earlier.  

Main difference between matching at narrow band and wide band is that in case of narrow band 

a single section network is enough while for wider bands more than one section is required. T- 

shaped and Pi-shaped networks are generally used in case of narrow band matching, whereas for 

wider bands the impedances are matched using the L-section matching networks and in lumped 

elements case LC components should be used in a particular order for matching purpose. 

Results can be obtained from its SP_NF_GainMatchK Data Display template of the amplifier S-

parameter simulation. After impedance matching is achieved both at source and load ends at 50 

Ω, obtained results can be observed in Figures 4.12 (b), (c), (d) and (e). 

 

Figure 4.12 (a) LNA schematic using S-parameters model 1(chokes applied) 

 

Matching of impedances at both the input and output sides were achieved at frequencies of 7.5 

GHz as well as at 8.5 GHz, in order to look for the optimum values from design point of view. 
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                                           Figure 4.12 (b) Power gain 9.24 dB at 7.5 GHz center frequency  

In Figure 4.12 (b) at the center frequency of 7.5 GHz, it can be observed that the power gain 

shown by S21 has achieved a reasonable value of 9.24 dB and is not showing very deep slope in 

the curve with circles. 

The maximum available gain, MAG (additional gain that can be acquired) at this stage provided 

by LNA that is represented by curve with triangles is equivalent to 14 dB at 6 GHz and drops 

only about a few decibels to 11 dB at the highest frequency of 9 GHz. And at the operation 

frequency it is more than 12 dB while using the S-parameter (small-signal) model transistor. 

 

  

Figure 4.12 (c) Noise Figure 1.4 dB at 7.5 GHz 
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Figure 4.12 (d) Transistor stability 

 

              

Figure 4.12 (e) Rest of the results including Zopt and Conjugate match ZLoad values 

 

When impedances for LNA are matched at 8.5 GHz using S-parameter model transistor, the 

following values were obtained i.e., Noise figure, NF= 1.143 dB, Power Gain= 10.021 dB and a 

Stability factor, K= 1.137 

For Electrical (large-signal) model the schematic is shown in Figure 4.13. Where Figures 4.14 

(a), (b), (c) and (d) represents the results obtained after its S-parameters simulation. 
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Figure 4.13 LNA schematic using Electrical (large-signal) model biased 

                      

  

Figure 14.14 (a) LNA simulation results using Electrical model  

 

In Figure 14.14 (a) the LNA simulation results using Electrical (large-signal) model when biased 

gives a power gain of about 9.581 dB at 7.5 GHz expressed by S21 and gives an overall good 
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Figure 14.14 (b) Noise Figure for Electrical model  

 

       

Figure 14.14 (c) Rollet factor of stability, K at center frequency 1.183 

 

Figure 14.14 (d) Results showing Zopt and Conjugate match ZLoad after matching. 
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By using an Electrical model for LNA, the simulation results obtained after matching at 

frequency of 8.5 GHz instead of the center frequency of 7.5 GHz, a noise figure NF of 1.269 dB, 

Power Gain gave a value of 8.7333 dB and finally the stability factor, K= 1.330 was seen where 

the transistor was stable and showed minimum oscillations. 

A layout component was generated as seen in Figure 4.15 (a) along with its power gain in terms 

of S21, noise figure and stability results that can be observed in Figures 4.15 (b), 4.15 (c) and 

4.15 (d) respectively. Its effect and remedy are discussed in the upcoming analysis section 4.6 

 

 

Figure 4.15 (a) Layout component for LNA 

 

  

Figure 4.15 (b) Power Gain and MAG for LNA layout 
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Figure 4.15 (c) Noise figure for LNA layout 

 

  

Figure 4.15 (d) Stability for LNA layout 

4.6   Simulation Result Analysis  

The schematics and their simulation results are obtained for micro strip transmission line. Ideal 

components replacement such as DC-Block, DC-Feed if used any should be done by capacitors 

and inductors respectively, while working on real circuit. While the transistor ATF-36136 is used 

instead of using the S2P file for a transistor itself. 

The Low Noise Amplifier design included steps ranging from bias network to matching 

networks. From schematic point of view, the results for both the Electrical and S-parameter 

model transistor obtained are in close range to one another. The micro-strip lines are responsible 

for causing some ohmic losses in the LNA network resulting in an increased noise figure in the 

6.5 7.0 7.5 8.0 8.56.0 9.0

2

3

4

5

1

6

Frequency (GHz)

n
f(

2
) 

(d
B

)

6.5 7.0 7.5 8.0 8.56.0 9.0

0.5

1.0

1.5

2.0

2.5

0.0

3.0

Frequency (GHz)

S
ta

b
ili

ty
 f

a
c
to

r,
K

m2

m2
freq=
K=1.117

7.475GHz



47 

 

end. After the input/output matching and the results obtained, it is noticed that noise figure is 

enhanced in case of the Electrical (large-signal) model transistor but if observed throughout the 

band of 6-9 GHz; its performance is quite well as compared to S-parameter (small-signal) model 

used in LNA design. While the power gain is increased, and including the stability as well. So, 

overall results achieved for the schematic of LNA designed while using the Electrical model 

(large-signal) is better.  

While from layout point of view the power gain as observed drops and the noise figure is 

increased. The reason behind it is that the coupling effect takes place due to the size of the radial 

stubs in RF chokes being large enough. This can be avoided by increasing the distance between 

the components and the other remedy is to adjust the RF chokes with reduced length and smaller 

stub angle, without effecting its normal RF blocking operation. It is analyzed that when working 

on the real components i.e., the parasitic components and also the real micro strip transmission 

lines, an increase in noise figure takes place. 

4.7   Summary  

The LNA part is basically concerned with its design on an operational frequency of 7.5 GHz. 

Avago ATF 36163 is the transistor applied in the process. Design is started through finding the 

transistor biasing point. After the S-parameters simulation, the stability condition of transistor is 

found. The input and output matching networks are obtained by taking micro-strip lines, for 

maximum power transfer from the source end to the load end. Its design tradeoffs are similar to 

those for narrowband LNA, but they are difficult to satisfy [4].  

Maximum power can be obtained by reduction of reflections, which are not desired basically. 

Minimum noise figure must be noticed. There usually is as a tradeoff between noise figure and 

power gain. Implementation of micro strip matching network is achieved and substrate used is 

Rogers 4360. A design of single stage amplifier is obtained and its simulation results are 

observed.  
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Chapter 5 Implementation of RF Front End  

5.1   UWB and Usage  

According to FCC, the application of UWB comes in the frequency range of 3.1 to 10.6 GHz, 

whereas it‟s EIRP (effective isotropic radiated power) is -41.3 dBm/MHz. Recently UWB has 

become a part of research and development that is focused upon mostly in the RF sector. UWB 

offers solutions to applications as see through-the-wall, security applications, family 

communications and supervision of children, search and rescue, control of home appliances, 

which makes UWB an ideal candidate for wireless home network [5]. Another area of UWB 

application is in medical field for monitoring and imaging [6]-[7]. 

Other applications for short range communication in Wireless Personal Area Network region 

involve the following on commercial level: 

5.1.1   Accurate Position Sensing 

UWB transmission has the potential of locating the accurate position of particular user. The 

location information can be used for transmission synchronization, power and rate allocation, 

plus traffic routing in ad-hoc environment. Localization of radio signals indoors is difficult 

because of the presence of shadowing and of multipath reflections from walls and objects [8].  

5.1.2   Commercial Automobiles 

The resolution of motion sensors can be enhanced by using short UWB pulses. In order to 

support safety and other useful functions such as to provide the driver relevant information about 

a restaurant in a close range, a hospital or other place; some new automobiles have sensors 

allowing many programmable alarm zones for driver‟s ease [9]-[10]. 

5.2   RF front end design Technique 

The RF front end is generally defined as everything between the antenna and the digital 

baseband system. For a receiver, this “between” area includes all the filters, low noise amplifiers 

(LNAs), and down conversion mixer(s) [11].  But mixer is needed to mix the incoming signal 
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with a signal coming from a local oscillator to down convert it into IF (intermediate frequency) 

that generally comes in the IF stage of a radio receiver. The RF front end design contains a single 

6-9 GHz band and the technique it applies is DS-UWB that implies single carrier spread 

spectrum with wider bandwidth that provide high data rate at lower cost.  

Step-wise, the design included the following components:  

a. Rectangular Monopole Antenna. 

b. Five Section Short Stub Filter. 

c. Low Noise Amplifier design. 

d. All combined i.e., Antenna, Filter and Low Noise Amplifier.  

 

5.3   Matching for LNA and five sectioned filter  

This Design is obtained by using the five sectioned band pass filter and low noise amplifier to 

match their impedances. Adding more sections to the filter e.g. five sectioned, the performance is 

enhanced and it exhibits good results.  

 

Figure 5.1 LNA and filter matching before biasing using S-parameters model 

 

 

                 Figure 5.2 (a) Power Gain and MAG for LNA and filter matching 
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                  Figure 5.2 (b) Noise Figure for LNA and filter matching 

 

After adding the components of the LNA in order to match their impedances for a five sectioned 

filter case, results in a following schematic as observed in Figure 5.1  

  

Figure 5.3 (a) Rollets Stability factor,K  

 

                

Figure 5.3 (b) Matching for Noise figure Results including Zopt and Conjugate match ZL. 
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The overall results achieved after simulation of the network named „five sectioned filter matched 

with LNA‟, can be seen in (a) and (b) parts of Figures 5.2 and 5.3 respectively. At this stage 

there are accompanied losses added to the network due to an introduction of new component, as 

it is visible from the results obtained. 

5.4   Final Design by adding Monopole Antenna 

The antenna is a 1 port device. The S1P is a one port block with an external ground reference. A 

reference termination is used instead of a regular 50 Ω in order to retrieve the actual S-

parameters i.e., between the antenna and the rest of the RF front-end. For instance, the forward 

transmission between the antenna and the filter can be retrieved. Moreover, the technique can be 

used between any blocks in the front end. The simulation results obtained from the conventional 

simulation with 50 Ω terminations versus the reference termination differs because now the 

termination is frequency dependent and not only resistive. Hence, the S-parameter result is 

unique for every antenna that is connected.   

The RefNetDesign in ADS is used in place of the antenna itself to be connected to the LNA. Its 

purpose is to use only the data file with Momentum (electromagnetic) simulation results in form 

of S-parameters, instead of the entire antenna. For simulating the data file (data.ds), S1P block is 

applied that is a one port block with an external ground reference. Once the reference network 

terminal RefNetDesign is added as an antenna to the matched circuit of LNA and filter, the 

circuit gets unmatched once again.           

        

The matching between the initial components was improved by adding a matching network. The 

results obtained using the S-parameter model transistor before an optimized matched condition 

of network, are obtained through simulation using the amplifier design guide tool in ADS. 
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                   Figure 5.4 shows the stability curve for S-parameter model. 

 

  

                      Figure 5.5 shows the stability curve for Electrical model. 

Figure 5.4 shows the stability curve for S-parameter model transistor, where the K factor shows a 

stable value of more than 1.Where as Figure 5.5 shows the stability curve for Electrical model 

showing little instability at the edges in the overall band of 6-9 GHz. 

The power gain (expressed by S21) and noise figure in decibels before optimization for both the 

models can be observed versus their frequencies in Figure 5.6 (a) and (b) respectively as 

followed.  
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electrical model result that is denoted by curve with circles, which has its power gain dropping 

up to 7 dB at the maximum frequency of 9.0 GHz. In Figure 5.6 (b) representing noise figure for 

both models, the noise figure reaches nearly 3 dB at the center frequency for S-parameter model 

before optimization of circuit represented by the curve with circles. 

  

              Figure 5.6 (a) Power Gain for both models. 

          

                Figure 5.6 (b) Noise figure representation. 
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optimization of the network, the results achieved were far better than before in all the aspects 

ranging from its stability to power gain. 

The size of micro-strip lines and stubs used were reduced while matching the network this time 

in order to get the good results with less losses involved. The schematic using the biased 

Electrical model transistor ATF-36163 along with its pads can be seen in Figure 5.7.  As far as 

the stability, power gain, noise figure and other parameters for both the models are concerned, 

they are mentioned in the figures discussed later onwards.  

 

 

 

Figure 5.7 Co-Design schematic using the biased Electrical model transistor ATF-36163 

 

 

Figure 5.8 (a) Stability factor, K for S-parameter model 
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Figure 5.8 (b) Stability factor, K for Electrical model 

If in Figures 5.8 (a) and 5.8 (b), the stabilities are compared at this stage for both the models, it 

can be observed that in case of the electrical model the Rollets factor for stability, K drops a little 

and lies just above 1, but still it is satisfying the stability condition. 

In Figure 5.9 (a), the curve represented for the power gain represented by S21 of Electrical 

model nearly overlaps the power gain values for S-parameter model in corresponding curve 

shown with triangles and circles creating a dark shade.  

And in Figure 5.9 (b) the upper curve denotes the noise figure values for S-parameter model and 

the lower one for Electrical model. Here the noise figure is quite improved after using the 

Electrical model, as can be seen in the curve represented by circles. 

 

Figure 5.9 (a) Power gain representation for both models 
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Figure 5.9 (b) Noise figure comparison 

 

Figure 5.10 (a) Zopt and Conjugate match ZLoad values using S-parameters (small-signal) model 

 

 

Figure 5.10 (b) Zopt and Conjugate match ZLoad values using Electrical (large-signal) model 
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By comparing the results of matching for noise figure in Figure 5.10 (a) & Figure 5.10 (b), it can 

be noticed that a progress occurs in the minimum noise figure, power gain as well as the source 

reflection coefficient values after being optimized and matched at center frequency of 7.5 GHz 

when an electrical model transistor was used. 

5.5   Matching Phases for RF front end design  

The overall performance of the system could be enhanced by matching the circuits to each other 

directly.  

          

 

 

  

Figure 5.11 Flow chart for matching phases  

The flow of the design steps is illustrated in Figure 5.11. In the first phase, the LNA was 

designed and thus matched at the input and output for good performance. In second phase, the 

five-sectioned band pass filter was matched to the LNA. In the end, the monopole antenna was 

added and matched to the rest of the network to get an optimal gain. Wide-band amplifier 

structures use a number of passive components, but the problem usually faced is to obtain 

minimum noise figure and a power gain that is flat throughout the whole band. 

Finally, the new layout of the front-end that assures maximum power transfer between the blocks 

was generated and then transformed into a layout component as seen in Figure 5.12.  

The entire RF front end receiver as it was used for co-simulation results are shown in 5.13 (a) to 

5.13 (e) where it shows good stability and an acceptable power gain accompanied by minimum 

noise figure. 
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Figure 5.12 Layout component of the front-end after co-simulation and optimization 

 

       Figure 5.13 (a) Power Gain 10.928 dB at 7.5 GHz 

        

                Figure 5.13 (b) Noise figure versus Frequency 
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          Figure 5.13 (c) Stability factor, K throughout the band 

 

Figure 5.13 (d) Matching for Noise figure results including Zopt and Conjugate match ZL. 

        

 Figure 5.13 (e) Optimum S-parameters values from fabrication point of view. 

In Figure 5.14, the layout of the RF front-end can be seen, including dimension information i.e., 

including the width and height.  
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Height=70 mm 

Figure 5.14   Final layout and components as used for co-simulations.  

5.6   Comparison of Electrical and S-parameter transistor model 

A considerable amount of difference exists between the predicted power gain and the noise 

figure when the two models are used separately from comparison point of view. The large signal 

(Electrical) model of the transistor predicts an increase in the power gain and reduction in noise 

figure when compared to the small signal (S-parameter) model transistor using S2P file. 

The perfomance summary and comparison for both the S-parameter model and Electrical model 

design when matched at 7.5 GHz frequency can be analzyed by observing the parameters in the 

following table 5 as listed:       

                            Table 5. Comparison of S-parameter model and Electrical model 

 

Design Applied 

 

S-parameter model                           

 

Electrical model 

 

 

 

Stability, K  

 

 

1.195 

 

 

1.055 

 

 

Supply Voltage (V) 

 

 

None 

 

1.54 

 

Power Gain (dB)           

 

11.257    

 

11.584 

 

Width=22 mm 
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NFmin (dB) 

 

1.805 

 

1.363 

 

 

S11 (dB) 

 

-15.026                      

 

-8.566 

 

 

S21 (dB) 

 

 

10.773           

 

10.336 

 

 

S22 (dB) 

 

-8.858                       

 

-7.484 

 

 

S12 (dB) 

 

-18.488                       

 

-19.379 
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Chapter 6  Conclusion and Future work 

6.1   Conclusion 

For 3 GHz bandwidth i.e., from 6-9 GHz an LNA had its power consumption of only 0.029 

Watts for its operation. While the band pass filter provided a forward gain, S21 between 0 and -1 

dB with minimum losses involved. The input refection coefficient S11 for antenna obtained was 

less than -12 dB throughout the whole UWB band. For RF front end receiver design, the low-

noise amplifier acts as a key element for it that gave minimum noise figure 1.201 dB, power gain 

of 10.482 dB and for its active component i.e. transistor, a stability of 1.183 was achieved. The 

work combined coupling of passive band pass filter along with monopole antenna both operating 

at GHz frequency using UWB scheme and exhibiting efficient performance operation-wise while 

analyzed from results seen in terms of its power gain, noise figure and stability.  

Furthermore, all the scattering parameters for both the S-parameter (small-signal) model and 

Electrical (large-signal) model were simulated from the design point of view. For the RF front 

end design schematics, the power gain for S-parameter & Electrical model transistors when 

compared differed by 0.327 dB, and on the other hand the noise figure differed by 0.442 dB. And 

stability of the system differed by an amount of 0.140 from one another, as the two models show 

different behavior and they do not conduct exactly the same results. Hence the small signal 

analysis basically assumes that as the signal swing is so minute that the nonlinearities of all the 

components can be disregarded. The circuit is analyzed in a way as if it is composed of perfectly 

linear components. In case of large signal analysis such simplifying assumptions are usually 

ignored and it models the non linear response of the components applied.  

Results show a power gain enhancement and a noise figure improvement over a whole band 

width. The layout exhibits a power gain of 10.928 dB, minimum noise figure of 1.808 dB and 

stability greater than 1 throughout 6-9 GHz band having a slight parameter difference from its 

schematic results as expected.  
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6.2   Future work 

The future work entails improvement of the circuit design and its prototype fabrication with 

better process all together on PCB accordingly, in order to investigate its performance through 

measurement. This complete new system can be applied in the wireless network areas supporting 

IEEE 802.15 and Bluetooth, for short range communication that need high power transmission 

accompanied by higher data rates with less noises involved. If further the system is developed 

into receiver and transmitter with an array of antennas i.e. MIMO based system, then it can be 

applied especially in military related products as radars and medical imaging field such as for 

tumor detection.  
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Appendix  
 
1. List of S parameters data of Avago ATF 36163c PHEMT at different frequencies is listed 

below. This data is obtained from the manufacturer data file .s2p 
 
ATF-36163 
1.5V 20mA 
  
 0.50000    0.995  -11.624    4.902  167.741    0.012   79.199    0.423   -9.261 
 1.00000    0.984  -22.497    4.820  157.108    0.023   71.633    0.418  -18.041 
 2.00000    0.956  -42.844    4.678  136.454    0.045   56.260    0.400  -34.932 
 3.00000    0.917  -63.099    4.587  116.204    0.066   40.995    0.369  -51.408 
 4.00000    0.857  -84.950    4.505   95.606    0.085   24.719    0.319  -68.722 
 5.00000    0.792 -108.827    4.392   74.282    0.104    7.668    0.254  -89.786 
 6.00000    0.730 -133.644    4.234   52.829    0.119   -9.125    0.188 -113.512 
 7.00000    0.651 -160.670    3.970   31.085    0.129  -26.688    0.100 -143.766 
 8.00000    0.590  172.715    3.732   10.944    0.137  -40.048    0.045  140.267 
 9.00000    0.561  140.448    3.483  -10.916    0.145  -55.128    0.123   64.420 
 10.0000    0.563  106.263    3.154  -32.491    0.147  -70.658    0.234   40.872 
 11.0000    0.594   74.579    2.763  -53.542    0.141  -85.506    0.340   21.570 
 12.0000    0.637   48.865    2.421  -73.085    0.133  -98.586    0.423    4.990 
 13.0000    0.685   25.434    2.086  -92.027    0.119 -111.463    0.504  -10.348 
 14.0000    0.735    5.455    1.798 -109.130    0.103 -120.833    0.577  -23.002 
 15.0000    0.790  -11.165    1.547 -126.360    0.087 -129.912    0.638  -34.026 
 16.0000    0.836  -24.316    1.340 -143.233    0.074 -136.410    0.680  -43.883 
 17.0000    0.880  -37.730    1.118 -161.356    0.060 -144.477    0.732  -53.229 
 18.0000    0.912  -52.027    0.870 -178.926    0.039 -151.486    0.786  -65.145 
 
 
2. List of minimum noise figure of Avago ATF 36163c PHEMT at different frequencies is 

given below. This data is also obtained from the manufacturer data file .s2p 
 

 
2.00000    0.51    0.864   28.494    0.397  
3.00000    0.55    0.755   42.628    0.329 
4.00000    0.60    0.669   57.347    0.266 
5.00000    0.65    0.593   73.259    0.202 
6.00000    0.70    0.541   91.406    0.153 
7.00000    0.75    0.466  107.357   0.115 
8.00000    0.81    0.371  123.138   0.094 
9.00000    0.87    0.301  143.910   0.076 
10.0000    0.94    0.219  178.679   0.076 
11.0000    1.02    0.184 -125.614   0.105 
12.0000    1.11    0.223  -79.105    0.156 
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13.0000    1.21    0.297  -39.989    0.243 
14.0000    1.33    0.400  -12.950    0.377 
15.0000     1.46    0.510      6.372     0.515 
16.0000     1.62    0.608    20.883     0.710 
17.0000     1.81    0.685    34.917     0.926 
18.0000     2.04    0.714    51.574     1.315 
 

 


