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ABSTRACT 

Radar-based microwave breast cancer imaging is a non-invasive, radiation-free 

method for early detection of breast cancer. It uses microwave signals to create 

images of breast tissue, identifying tumours and abnormalities. However, the 

existing system lacking on sensitivity, accuracy and high noise due to weak 

microwave signal from antenna which will create low-quality image of tumour. This 

project aims to design a low-noise amplifier with analysis & verify the simulation 

performance of designed LNA using Advanced Design System (ADS) software with 

expected result are in frequency of 1.5GHz. The analysis is based on single stage and 

two-stage(cascade) design with different transistor technology and matching network 

comparison which is stub and L-matching. The pHEMT MGA-684P8 and Silicon 

(Si) AT-42086 were used to design and simulate the LNA by connecting two-port 

network transistor with input/output matching network and DC biasing network. The 

cascaded design of transistor AT-42086 perform a better result in noise figure which 

is 0.082 dB(L-matching) and 0.061 dB(stub) meanwhile the gain achieved 45.165 

dB in both matching techniques. This project has a potential application in the field 

of medical imaging to provide a non-invasive method for breast cancer detection. 
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ABSTRAK 

Pengimejan kanser payudara gelombang mikro radar ialah kaedah bebas radiasi 

dan tidak invasif untuk pengesanan awal. Ia menggunakan isyarat gelombang mikro 

untuk mengesan tisu dan tumor serta keabnormalan payudara. Namun, sistem sedia 

ada kurang tepat dan sensitif, serta menghasilkan imej tumor berkualiti rendah 

kerana isyarat gelombang mikro yang lemah dari antenna. Projek ini bertujuan 

mereka bentuk LNA dan mengesahkan prestasi pada frekuensi 1.5 GHz 

menggunakan perisian ADS. Analisis ini mereka bentuk dan membandingkan 

peringkat satu dan dua (lata) menggunakan teknologi transistor serta padanan 

rangkaian, iaitu padanan punting dan L. Transistor pHEMT MGA-684P8 dan 

silikon AT-42086 digunakan untuk merekabentuk dan mensimulasikan LNA dengan 

menyambungkan transistor dua alur dengan rangkaian padanan input/output 

bersama rangkaian pincangan DC. Rekabentuk lata dari transistor AT-42086 

menunjukkan hasil lebih baik dengan angka hingar iaitu 0.082 dB (padanan L) dan 

0.061 dB (punting) manakala gandaan mencapai 45.165 db dalam kedua-dua teknik 

padanan. Projek ini berpotensi tinggi untuk pengimejan perubatan tidak invasif 

dalam pengesanan kanser payudara. 
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CHAPTER 1  

INTRODUCTION 

This chapter includes the background of the project which includes the project 

overview, problem statement, objectives, and scope of the project. 

1.1 Research Background 

Breast cancer remains a formidable global health challenge, affecting millions of 

lives and underscoring the critical importance of advanced diagnostic technologies. 

Breast cancer is a malignant condition characterized by the uncontrolled growth of 

cells in the breast tissue. It is one of the most prevalent cancers globally, affecting 

both men and women, although it is much more common in women. Early detection 

is crucial for successful treatment, emphasizing the significance of advanced 

diagnostic technologies in identifying abnormalities within breast tissue. Common 
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methods for breast cancer screening include mammography, ultrasound, and 

magnetic resonance imaging (MRI [1]).  

In the pursuit of early detection and effective treatment, the field of medical 

imaging has seen remarkable advancements, with microwave breast cancer imaging 

emerging as a promising modality. Microwave imaging techniques have found 

application in the nondestructive testing of constructions and the search for 

concealed items, among other areas. Microwave imaging is less expensive and non-

ionizing than traditional techniques including computed tomography (CT) scans, 

mammograms, and X-rays. The use of microwave imaging technology to human 

diagnosis has been the subject of several investigations in recent times due to 

advancements in hardware, algorithms, and processing approaches. This is 

predicated on the difference in electric characteristics in the microwave spectrum 

between the tumor and healthy breast tissue. Microwave tomography and radar-

based imaging are the two primary types of microwave imaging. By reconstructing 

the dielectric constant of the imaging object from the dispersed electromagnetic field 

of one or more frequencies, microwave tomography operates. The radar-based 

technique measures the dispersed field of a target by sending a brief pulse in its 

direction. When compared to tomography, radar-based microwave imaging requires 

fewer processing resources, which allows for faster detection [1].  

This innovative approach utilizes microwave signals to create detailed images of 

breast tissue, offering potential advantages in sensitivity and safety compared to 

traditional methods. However, like any evolving technology, microwave breast 

cancer imaging faces its own set of challenges, including issues related to reduced 

sensitivity, increased noise, and compromised accuracy. In this context, the 
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integration of a Low Noise Amplifier (LNA) becomes pivotal, promising to address 

these challenges and elevate the capabilities of microwave breast cancer imaging. A 

LNA is a device that amplifies very low-power signals without significantly 

degrading their signal-to-noise ratio. The LNA is typically located immediately after 

the antenna in a receiver circuit, although a duplexer or filter may precede it. An 

LNA is a crucial component of the front end of any receiver module found in a 

transceiver module. Without lowering the signal to noise ratio (SNR), the LNA 

increases the signal (SNR). A few of the factors that need to be optimized in the 

design of an LNA include gain, noise figure, stability factor, and non-linearity. The 

three stages that make up a simple LNA are the input impedance matching circuit, 

the amplifier stage and the output impedance matching circuit [2]. Figure 1.1 is an 

illustration of the functional components of a communication system. 

 

Figure 1.1: Transmitter and Receiver Block Diagram 
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1.2 Problem Statement 

The evolution of technology in the field of microwave breast cancer imaging has 

been marked by significant advancements, transitioning from initial implementations 

to present-day systems. The problem statement revolves around identifying and 

addressing issues within an existing radar-based microwave breast cancer imaging 

system. The system is currently experiencing the ability to detect tumors due to 

sensitivity that impact the signal and would make increase the noise levels. This is 

particularly challenging in breast cancer imaging, where the weak signals and the 

noise levels can be significant. If LNA is not amplified weak signals efficiently, the 

accuracy in detect the small tumor will leading to decrease, ultimately cannot 

enhance the potential as a valuable tool in early-stage breast [3].  

The integration of an LNA into the radar-based microwave breast cancer imaging 

system is proposed as a comprehensive solution to address the existing issues, 

ultimately aiming to produce higher quality images and significantly enhance the 

system's ability to detect smaller tumors. The anticipated benefits of adding an LNA 

are enhance the strength of weak signals received by the antenna. Besides that is 

expected to reduce overall system noise by mitigating noise levels, the signal-to-

noise ratio will improve, hence resulting in clearer and more accurate images. This 

contributes to better distinguishing between normal and abnormal breast tissue. 

Thus, the combined effect of improved sensitivity and reduced noise leads to an 

overall enhancement in system accuracy. 

1.3 Objectives 

The objectives of the project are as follows: 
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a) To design the Low Noise Amplifier for Microwave Breast Cancer Imaging 

Application. 

b)  To analysis & verify the simulation performance of designed LNA using 

Advanced Design System (ADS) software. 

1.4 Scope of Project 

The scope of this project revolves around the design and simulation of an LNA 

tailored for radar-based microwave breast cancer imaging, using Advanced Design 

System (ADS) software. The LNA operational frequency is set between 1.5 GHz, 

aligning with the specific requirements of breast cancer imaging. The project 

encompasses a thorough parameter analysis, including stability, gain, and noise 

figure. Stability analysis ensures reliable operation, while gain analysis focuses on 

amplification within the desired frequency band, crucial for enhancing system 

sensitivity. Additionally, noise figure analysis aims to minimize noise introduced 

during signal amplification, maintaining a high signal-to-noise ratio. This project 

aims to contribute to the advancement of breast cancer imaging technology by 

developing a specialized LNA that optimizes the performance of radar-based 

systems within the specified operational parameters. Therefore, the analysis is based 

on single stage design and two-stage(cascade) design with different transistor 

technology  which is GaAs pHEMT MGA-684P8 and silicon (Si) BJT AT-42086. 

The comparison of matching network has been used L-matching and stub matching 

type. 

1.5 Thesis Outline  

Based on the thesis outline for this project, there are five chapters to follow 

accordingly to completing the thesis. The content of chapter 1 is basically a research 
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background to the title of the project which is a general overview about low noise 

amplifier and application in microwave imaging for breast cancer. Then, for the rest 

of the outline of chapter 1 is indicated to problem statement, objectives and scope of 

work.  

Chapter 2 describes the specific overview of the design of low noise amplifier. 

The characteristics and design of other projects are also discussed in literature 

review. Additionally, there is also a summary of comparisons between transistor 

technology to design low noise amplifier.  

Chapter 3 provides a methodology of the project. The flow process of the project 

step by step until the end is constructed to designing the low noise amplifier. The 

specification of the LNA is involved in this chapter to fulfill the requirements of the 

best LNA.  

Chapter 4 primarily discusses the low noise amplifier's analysis and results 

following its design using the Advanced Design System. It also compares the two 

transistor types that were chosen MGA-684P8 and AT-42068.  

The study's accomplishments are concluded in Chapter 5. The chapter's 

conclusion contains a number of recommendations aimed at enhancing the caliber of 

this research going forward. 

 



 

 

 

 

CHAPTER 2  

LITERATURE REVIEW 

2.1 Overview of Microwave Breast Cancer Imaging 

 

Low Noise Amplifier also known as LNA is one of the most important parts of a 

microwave system. It is a crucial part of an RF receiver as it may reduce noise figure 

produced by the amplifier when the noise is directly received. To address this 

challenges in the design of a low noise amplifier, different transistor technology and 

topology approaches have been included in the literature to solve this difficulties in 

the construction of 1-2 GHz frequency range for low noise amplifier.  

This project will briefly discuss the advantages and disadvantages of each 

transistor technologies. Furthermore, the analysis of various behavior transistor 



   8 

 

 

technologies and topologies will reveal the LNA system's overall performance for 

microwave breast cancer imaging application. 

2.2 Overview of Transistor Technologies 

The choice of transistor technology for LNA is crucial to achieving the desired 

performance characteristics, such as low noise figure, high gain, and reliable signal 

amplification. Transistor also known as Semiconductor devices, have three or more 

terminals. The third terminal allows a comparatively modest and low-power input 

signal to control the output current. Transistors are employed in amplifiers to provide 

power, voltage, or current gain. In most cases, the goal of RF and microwave design 

is power gain. Silicon (Si) or compound semiconductors like gallium arsenide 

(GaAs), indium phosphide (InP), or gallium-nitride (GaN) are used to produce the 

majority of transistors. Due to the far higher integration density that silicon 

technology allows, this technology is currently dominating the market. Compound 

semiconductor technology is only utilized when it offers a special benefit, such as 

high power, enhanced noise performance, or high efficiency. Germanium is 

employed as a dopant in silicon, which is therefore called silicon germanium. 

However, silicon and germanium are typically found in very minute amounts, so 

silicon with a dopant is what is meant to be understood as SiGe. SiGe is a compound 

semiconductor that is occasionally used. It has equivalent concentrations of silicon 

and germanium [4]. 

GaAs is a compound material that been used in semiconductor devices 

technology. It based circuits and devices are used in many different systems and 

products, indicating that they have a well-defined role in both commercial and 

defense applications. Applications cover the millimeter wave to several hundred 
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MHz low-frequency spectrum. The selection of a device is determined by various 

factors that pertain to its basic functioning mechanisms and performance, in addition 

to its manufacturing maturity. 

Based on the [5] research, in applications requiring low-noise amplifiers, the 

PHEMT is widely acknowledged as the preferred choice, closely followed by the 

CMOS. The primary source of noise in FETs stems from thermal-diffusion effects 

caused by random variations in carrier speed within the device channel. This 

variability leads to fluctuations in current and subsequently introduces noise. A 

critical factor is the capacitive coupling between the gate and the channel, 

influencing noise by subtracting a portion of the gate noise from the drain noise. This 

unique characteristic of FETs contributes to their remarkably low-noise 

performance. 

Optimal noise performance is achieved by minimizing source access resistance 

and maximizing the current gain cutoff frequency ft . This necessitates designing the 

device for maximum transconductance gm and minimum gate capacitance Cgs, 

conditions that can be controlled to some extent by careful bias selection. As a 

general guideline, the minimum noise (Fmin) is obtained under conditions of 

approximately ~Idss/10. However, there is a distinction in the required bias range for 

achieving this condition. HEMT exhibits a broader range of Ids values over which 

Fmin is attained, providing a more extensive margin in LNA circuit design. Given the 

usual preference for high gain in amplifiers, a trade-off between gain and noise is 

often necessary as the bias for Fmin does not always align with the bias for maximum 

gain. This trade-off is less pronounced in HEMTs due to their broader range of bias 

for Fmin. On the other hand, CMOS transistors are voltage-controlled devices that 
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operate at low power and low voltage, and their bias range is typically in the range of 

1-5 volts.  

The pursuit of high gain also demands specific device designs featuring a 

heterojunction or another type of buffer beneath the channel to minimize carrier 

injection and reduce the output conductance. The potential for high base doping 

opens new possibilities for HBTs, making them intrigued for wide bandwidth and 

low-noise operation. An analysis of noise characteristics reveals that PHEMTs 

exhibit less bias sensitivity in noise performance compared to CMOS devices that 

generally have higher bias sensitivity. For the ultimate solution in achieving low-

noise operation, InP-based HEMTs are considered. Typically, HBTs exhibit lower 

levels of low-frequency noise. By implementing effective circuit designs that 

minimize the impact of nonlinearities and consequently reduce noise up conversion, 

HBT oscillators can be crafted to deliver exceptionally low phase-noise 

performance. Table 2.1 shows comparison of each technology. 

Table 2.1: Comparison of Tansistor technology 

Technology Advantages Disadvantages 

Heterostructure Bipolar 

Transistor (HBT) 
• Offers higher cut-

off frequency 

• Lower cost and 

delivers higher 

efficiency 

• Wideband 

impedance 

matching 

• Higher power 

consumption 

• Larger in size 

• More complex 

biasing 

requirements 

Complementary MOSFET 

(CMOS) 

• Lower power 

consumption and 

smaller size 

compared to BJTs. 

• Widely used in 

digital applications 

 

• Higher noise figure 

and lower gain 

compared to BJTs 

High Electron Mobility • Offers a • HEMTs can be 
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Transistor (HEMT) combination of low 

noise figure and 

very high frequency 

performance. 

• Low noise 

performance is 

better than other 

devices, including 

HBTs, MESFETs, 

CMOS, and BJT 

• Suitable for 

applications where 

high gain and low 

noise at high 

frequencies are 

required. 

sensitive to 

temperature and 

bias conditions. 

• may not handle 

high power levels 

as efficiently as 

some other 

technologies. 

Pseudomorphic HEMT 

(pHEMT) 

• PHEMTs are a type 

of HEMT that 

improves the 

performance of the 

device by using an 

extremely thin layer 

of one of the 

materials, so thin 

that the crystal. 

• Allows the 

construction of 

transistors with 

larger bandgap 

differences than 

otherwise, giving 

them better 

performance. 

• may involve more 

complex fabrication 

processes. 

• Sensitivity to 

temperature and 

bias conditions may 

be a consideration. 

 

2.3 Review of LNA Previous Research  

In literature review this is an overview of previous research on a topic. It can be 

used to help make a comprehensive survey of scholarly sources on a specific topic to 

get the knowledge to allow identify relevant theories, methods and gaps in existing 

research. 
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Based on this paper [6], the title was mainly discussed about analyzing and 

designing with implementation of T-matching at the input and output port and uses 

of negative feedback technique to highlight the trade-off among the parameters 

which is gain, noise figure, sensitivity and stability. Besides known using the 

cascode topology, this proposed project also using PHEMT technology FHX76LP 

manufactured by Eudyna Devices Inc to design and simulate by using ADS software. 

This project was achieved their parameter with frequency range is 5.8GHz, forward 

gain 20.19dB, noise figure 0.360dB and stability 1.048 respectively.  

The paper [7] was focusing to design of two stage cascaded ultra-wideband by 

using negative image amplifier technique. This technique succeeds in the desired 

specification with the average gain 23dB and low noise figure less than 2dB with 

return loss less than 8dB. But, to make the specification ideal the negative lumped 

elements for input and output matching of LNA was used. The AWR microwave 

tool design was used to design the low noise amplifier. This study uses the parasitic 

effects of the microstrip line to suggest a novel approach for acknowledging the 

negative valued lumped elements. whose effects are amply demonstrated by 

simulation data and quantitative study. 

In this paper [8], it describes the crucial role plays in low noise amplifier was a 

technology of transistor itself. With assistance from pHEMT 0.15µm the ability to 

handle with specific requirements make it the best technology to design, simulate 

and fabricate a C-band (5.4-5.9GHz) two stage common-source wideband. The 

analysis from this paper shows the perfect comparison from simulated and measured 

with just slight difference from the specification of proposed designed LNA. 

Simulated results of minimum noise figure 0.9dB and for forward gain 18.6dB 
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meanwhile for measured results proved for minimum noise figure is 1dB and for 

forward gain is 18dB. This paper also proposed great fabrication techniques and 

circuitry designed that have capability to high survival up to 37dBm principally for 

highly survival radar receiver component. Thus, it concludes that the proposed 

technology is to show the results of comparable low noise figure, gain, high dynamic 

range and top survivability.  

This work [9] describes the design, simulation, and prototype of a 1.5GHz LNA 

with a 100MHz bandwidth. ADS software was utilized to model the circuit. Surface 

mount devices (SMD) are used, with the transistor "Infineon BFP420" serving as a 

key component. Other parts are microstrip lines, which are replacing resistors, 

capacitors, and inductors. The FR4 board was used to create the circuit. Using a 

spectrum analyzer, noise figure meter, and VNA, numerous LNA characteristics 

were measured. The LNA's maximum noise figure is 1.33 dB, while its minimum 

gain is 15.4 dB. It is completely stable between 50 MHz and 10 GHz. There is a 5V 

DC supply and a 10mA current consumption. With this lNA, OIP3 is around 14dBm. 

The goal of the research [10] is to use double feedback approach architecture to 

design a novel cascode low noise amplifier (LNA) for wireless communication, 

specifically for long term evolution (LTE). The aim of this paper is to illustrate how 

novel strategies for the execution of Long-Term Evolution (LTE) might increase 

gain performance by lowering noise figures. By implementing the twofold feedback 

technique architecture, the innovation technique offers the potential to enhance 

performance in multiple areas, including power consumption, noise figure, gain, 

bandwidth, stability, and complexity. The features needed to gather data for a Smith 
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chart and s-parameter produced by simulation are obtained using the Advance 

Design System (ADS) program.  

Table 2.2: Existing LNA Design 

No. References Specification Transistor 

Technology 

Limitations 

1 [6] Frequency range: 

2300-2400bMHz 

Gain: 14 dB 

Noise Figure: 1.2dB 

 

pHEMT 

FHX76LP 
• Sensitivity 

and Third 

Order 

Intercept 

Point (IIP3) 

analysis 

missing. 

 

2 [11] Gain: 22dB 

Noise Figure: 3.5dB 

SMIC 130nm 

CMOS 
• Simulation 

only. 

3 [12] Frequency: 3.1-

10.6Ghz 

Noise figure: 3.9dB 

Gain: 12.5dB 

CMOS 

130nm 
• Lower gain. 

 

4 [7] Frequency: 3-10Ghz 

Gain: 23dB 

Noise Figure: <2dB 

pHEMT ATF 

36163  
• Lacks 

measured 

results to 

validate 

proposed 

concepts. 

• Stability 

analysis is 

incomplete. 

 

5 [8] Frequency range: 5.4-

5.9Ghz 

Noise figure:  <1 dB 

Gain:18 dB 

pHEMT 

0.15µm 
• lack of 

stability 

analysis. 

6 [9] Frequency Range: 

1.5GHz 

Gain: 15.4 dB 

Noise Figure: 1.33 dB 

Bandwidth: 100MHz 

BJT BFP420 • lack of 

stability 

analysis.  
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7 [10] Frequency Range: 3-

5GHz 

Gain: >20 dB 

Noise Figure: <1.5 dB 

Bandwidth: 100MHz 

pHEMT 

ATF-34143 
• Simulation 

only.  

8 [13] Frequency Range: 5.8 

GHz 

Gain: 20 dB 

Noise Figure: <3 dB 

HEMT 

FHX76LP 
• Simulation 

only 

9 [14] Frequency Range: 

400-800MHz 

Gain: 30-50 dB 

Noise Figure: ~0.34 

dB 

GaAs 

pHEMT 
• lack of 

stability 

analysis. 

10 [15] Frequency Range: 13-

16 GHz 

Gain: >20 dB 

Noise Figure: <1.2 dB 

InGaAs 

HEMT 

MGF4937AM 

• Lack of 

stability 

analysis. 

11 [16] Frequency Range: 

1.57 GHz 

Gain: 21 dB 

Noise Figure: 1.98 dB 

pHEMT 

ATF-34143 

 

• Stability 

analysis is 

incomplete. 

 

12 [17] Frequency range: 

2.11-2.33 GHz 

Gain: 21 dB 

Noise Figure: 0.78 dB 

SOI CMOS 

65nm 
• Lacks 

measured 

results to 

validate 

proposed 

concepts. 

 

13 [18] Frequency range: 102-

155 GHz 

Gain: 16.2-21.2 dB 

Noise Figure: 3.6-5.6 

dB 

70nm GaN 

HEMT 
• Lack of 

stability 

analysis. 

 

14 [19] Frequency Range: 1.5-

15.7GHz 
Gain: 20.5 dB 
Noise Figure: <2dB 

RFCMOS 

45nm 
• lack of 

stability 

analysis  

15 [20] 
Noise Figure > 6.3dB 
Gain varies between 10 

to 16.9dB  

 CMOS 180nm • Simulation only  

 



 

 

 

 

CHAPTER 3  

METHODOLOGY  

This chapter discusses a proposed LNA design based on the findings of a study of 

common LNA design specification, topologies, transistor technology and 

fundamental of noise figure, gain, stability and linearity. The LNA is recognized as 

the essential block because it increases the received signal from the antenna to a 

desired frequency range. The primary objective of this project is to use the electrical 

circuit modeling program ADS to create the ideal and compact circuit. 

3.1 Flow Chart Project 

The LNA design method is shown by the design flow in Figure 3.2. This 

flowchart defines the specific procedures needed to accomplish the project's primary 

objective. First, investigations analyzing transistor selection and topology have been 

made. Thus, the GaAs pHEMT and silicon (Si) technology meanwhile the single 
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stage and cascade topology have been selected as the suitable approach for designing 

the low-noise amplifier.  

 

Figure 3.1 : Flow Chart of Project 

3.2 Low Noise Amplifier Design Methodology 

This section will provide a quick explanation of the stages involved in designing 

the LNA. Examining the LNA architecture comes first, then specifications, transistor 
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selection, stability, transistor biasing, matching network, optimization, and 

simulation analysis. 

3.2.1  Specification of Low Noise Amplifier 

It is essential to find out the specifications of an LNA before beginning its design. 

The LNA frequency range will align with the application frequency band in 

accordance with the specifications required to build the LNA system. The LNA will 

use a transistor that is suitable for LNAs, generate the most gain, and have the lowest 

level of noise figure. 

 A literature review should be conducted in order to identify appropriate 

specifications for the LNA based on its intended usage. The specifications listed in 

Table 3.1 below must be followed to design the LNA.  

Table 3.1: Specifications of LNA 

Parameter Value 

Noise figure <2 dB 

Gain >20 dB 

Frequency 1-2 GHz 

Input/output impedance 50Ω 

Circuit topology Cascade 

 

3.2.2 Matching Network  

A matching network is a set of circuits designed to match the impedance of a 

given source to impedance of a given load at specified frequency. This is achieved 

by using lossless elements such as lumped components and transmission lines to 
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minimize reflections and maximize power transfer between source and load. 

Initially, for input matching network the reflection coefficient for source is justified 

from the centre with Z0 = 50 Ω and it is also similar for output matching network.  

L-shaped matching is a simple method to adjust components of the load and 

source impedances. The network uses capacitor and inductor elements either one 

series reactance or shunt reactance either. The basic step design for an L-matching 

network is: 

a) Normalize (𝑧𝐿 = 𝑍𝐿/50) and locate the point of 𝑧𝐿 on the smith chart 

b) Based on the location of 𝑧𝐿 select the appropriate type of LC L-section 

topoplogy 

c) For type 1 L-section: 

i) Move along the constant conductance circle until it intersects with the 

unit resistance circle. Record the susceptance change and thus determine 

the value of shunt L or C. 

ii) Move along the unit resistance circle to the origin, record the reactance 

change and thus determine the value of series L or C.  

d) For type 2 L-section: 

i) Move along the constant resistance circle until it intersects with the unit 

conductance circle. Record the reactance change and thus determine the 

value of series L or C.  

ii) Move along the unit conductance circle to the origin, record the 

susceptance change and thus determine the value of shunt L or C. 
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Stub matching is a technique used to match the impedance of a source to a load 

by using transmission line segments called stubs. The stubs are connected in parallel 

or series to the main transmission line and can be open-circuited or short-circuited. 

The key steps in designing a stub matching network are: 

a) Find the normalized load impedance and construct an appropriate SWR 

circle. 

b) Note that the SWR circle intersects the 1 + jx circle or 1 + jb at two points, 

all values read on the chart are normalized admittances. 

c) Read the line normalized admittance in correspondence of the stub 

insertion locations determined  in (d). These values will always be of the 

form  

𝑦(𝑑𝑠𝑡𝑢𝑏) = 1 + 𝑗𝑏 top half of chart 

𝑦(𝑑𝑠𝑡𝑢𝑏) = 1 − 𝑗𝑏 bottom half of chart 

d) Select the input normalized admittance of the stubs, by taking the opposite 

of the corresponding imaginary part of the line admittance. 

e) Use the chart to determine the length of the stub. The imaginary 

normalized admittance values are found on the circleof zero conductance 

on the chart. 

3.2.3 Selection of Circuit Topology 

There are a number of different methods and topologies that can be used to design 

low-noise amplifiers (LNA) for microwave imaging applications. Some of the most 

common methods and topology. This project is chosen to use a cascade topology to 

design a low noise amplifier. The configuration of transistors is connected in series 

by combining different stages with different gain and noise characterisrics. The key 
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components of cascade design are common source stage and common gate stage. 

The common source stage is typically a first stage a common source amplifier which 

operates the noise figure performance and the initial gain. For the common gate 

stage basically provides for improvement of noise performance as well as additional 

gain. The stages are designed to match the matching network in both port in order 

for the power transfer signal loss to be efficient. The cascade architecture is a 

common topology for LNA because it offers high gain amplification and minimizes 

noise figure performance due to having the combination of different stages. Figure 

3.2 shows the cascaded stages design.  

 

Figure 3.2 Cascade Stages 

3.2.4 Selection of Transistor  

An essential part of designing an LNA is choosing the right transistor. Every 

transistor has a minimum noise figure (NFmin) and maximum available gain (MAG) 

at a specific frequency. Therefore, it is not possible to construct an LNA that 

provides a gain more than the maximum available gain and a noise figure lower than 

the lowest NF. Common types of transistors used for LNA include Bipolar Junction 

Transistors (BJTs) and Field-effect Transistors (FETs). Among BJTs, the most 

commonly used are the Silicon Bipolar Junction Transistor (Si BJT) and the 

Pseudomorphic High Electron Mobility Transistor (pHEMT). FETs can be further 

divided into Junction Field-effect Transistors (JFETs) and Metal-Oxide-
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Semiconductor Field-effect Transistors (MOSFETs). GaAs MESFETs and GaAs 

pHEMTs are commonly used FETs for high frequency and high performance LNA.   

The choice of transistor for a particular LNA design will depend on the specific 

requirements of the application. The Pseudomorphic High Electron Mobility 

Transistor (pHEMT) technology is one well-known and extremely useful technology 

utilized in LNA. The pHEMT are semiconductor devices with outstanding low noise 

amplification performance characteristics because of its distinctive heterojunction 

structure, which allows for great carrier mobility. pHEMTs are a good choice for 

applications that demand high frequency performance and low noise figures and also 

are the recommended option for LNA because of their capacity to function at high 

frequencies and low noise levels. The GaAs pHEMT MGA-684P8 has featues in low 

noise figure, high linearity performance, low-cost small package size and excellent 

uniformity in product specifications. The application of this transistor can be used in 

various low noise amplifier applications such as for GSM, TDS-CDMA and CDMA.  

The Silicon Bipolar Junction Transistor (Si BJT) has the ability to achieve low 

noise figures due to inherent properties of low noise, as well as can provide a high 

gain. The AT-42086 also from Avago Technologies is an example of Silicon Bipolar 

Junction Transistor (Si BJT) that been used for LNA due to have an optimum match. 

The applications of this transistor include use in LNA, gain stage, buffer, oscillator 

and mixer.  

3.3 Transistor Amplifier Design 

Stability, gain, noise, bandwidth, and dc needs are the most crucial design factors 

in a microwave transistor amplifier. The selection of the appropriate transistor and a 
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set of specifications typically precede a design. Acquiring the desired ac 

performance requires careful selection of the appropriate dc operating point and dc 

network structure. 

3.3.1 Stability 

A single power transistor can be used in LNA design to provide amplification at 

the required frequency and linearity. An unstable amplifier will cause the signal to 

oscillate instead of continuing, hence it is imperative that the amplifier remain steady 

with any passive termination. The amplifier's stability can be indices by using 

Rollet’s Condition (K test) geometric stability factors (Mu or Mu Prime). In formula 

form, the set of unconditional stability is given below.  

𝑺𝒕𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒇𝒂𝒄𝒕𝒐𝒓, 𝑲 =
𝟏−|𝑺𝟏𝟏|𝟐−|𝑺𝟐𝟐|𝟐+|∆|𝟐

𝟐|𝑺𝟏𝟐𝑺𝟐𝟏|
> 𝟏   (3.1) 

|∆| = |𝑺𝟏𝟏𝑺𝟐𝟐 − 𝑺𝟏𝟐𝑺𝟐𝟏| < 𝟏    (3.2) 

The stability factor (K) in an amplifier or called unconditional stability must be 

ensures greater than 1 and the delta factor (|Δ|) must be less than 1 because the 

matching network determines the load (Γ𝐿) and source (Γ𝑆), meaning the amplifier 

will be always be stable regardless of load and source impedances. This can be 

achieved in simulation by utilizing Advance Design System (ADS) technologies to 

meet the designation result. 

3.3.2 Noise Figure 

The important design considerations for a microwave amplifier are its noise 

figure. Noise can be passed into a microwave system from external sources or 

generated within the system itself. In receiver applications especially it is often 
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required to have a preamplifier with as low a noise figure as possible, the first stage 

of a receiver front end has the dominant effect on the noise performance of the over-

all system.  

An alternative characterization is the noise figure of the component, which is a 

measure of the degradation in the signal-to-noise ratio between the input and output 

of the component. The signal-to-noise ratio is the ratio of desired signal power to 

undesired noise power, and so is dependent on the signal power. The noise figure, F, 

is a measure of this reduction in signal-to-noise ratio, and is defined as 

𝑭 =
𝑺𝒊 𝑵𝒊⁄

𝑺𝒐 𝑵𝒐⁄
≥ 𝟏     (3.3) 

where the noise figure is defined as the ratio of the output noise power of the 

network to the input noise power of the network, expressed in decibels (dB) 1. The 

noise factor can be calculated using the following formula  

𝑵𝑭 = 𝟏𝟎 𝐥𝐨𝐠 𝑭    (3.4) 

The RF amplifier's noise performance is generally displayed by the noise figure, 

which also helps to identify signal change. The larger the noise figure, the more the 

signal is degraded. To select a suitable trade-off between noise figure and gain, 

which is used to check the input (Γ𝑖𝑛= Γ𝑜𝑝𝑡) and output reflection coefficient (Γ𝑜𝑢𝑡) 

of the circuit, this can be accomplished by employing circles with constant gain and 

circles with constant noise figure. The transistor's noise figure can be computed 

using a number of characteristics provided by the manufacturer, including F𝑚𝑖𝑛, R𝑁, 

and Y𝑜𝑝𝑡 at the appropriate frequency, using the formula below.  
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𝑭 = 𝑭𝒎𝒊𝒏 +
𝑹𝑵

𝑮𝑺
|𝒀𝑺 − 𝒀𝒐𝒑𝒕|𝟐     (3.5) 

𝑭 = 𝑭𝒎𝒊𝒏 +
𝟒𝑹𝒏

𝟓𝟎

|𝚪𝑺−𝚪𝒐𝒑𝒕|𝟐

(𝟏−|𝚪𝑺|𝟐)|𝟏+𝚪𝒐𝒑𝒕|𝟐    (3.6) 

3.3.3 Gain 

The power gain is represented by equation 3.7, which is the ratio of power 

delivered to the two-port network and power dissipated to the load. In addition, 

Equation 3.8 shows the power that is accessible when the network's ratio to the two-

port network's power available indicates that the input and output match. Equation 

3.9 also expresses the transducer gain, which is the power provided to the load 

divided by the power available from the source, as illustrated below: 

(Power Gain) 𝑮𝑷 =
𝑷𝑳

𝑷𝒊𝒏
=

𝟏

𝟏−|𝚪𝒊𝒏|𝟐 |𝑺𝟐𝟏|𝟐 𝟏−|𝚪𝑳|𝟐

|𝟏−𝑺𝟐𝟐𝚪𝑳
𝟐   (3.7) 

(Available Power Gain) 𝑮𝑨 =
𝑷𝑨𝑽𝑵

𝑷𝑨𝑽𝑺
=

𝟏−|𝚪𝑺|𝟐

|𝟏−𝑺𝟏𝟏𝚪𝑺
𝟐 |𝑺𝟐𝟏|𝟐 𝟏

|𝟏−𝚪𝑶𝑼𝑻|𝟐   (3.8) 

(Transducer Gain) 𝑮𝑻 =
𝑷𝑳

𝑷𝑨𝑽𝑺
=

𝟏−|𝚪𝑺|𝟐

|𝟏−𝑺𝟏𝟏𝚪𝑺
𝟐 |𝑺𝟐𝟏|𝟐 𝟏−|𝚪𝑳|𝟐

|𝟏−𝚪𝑶𝑼𝑻𝚪𝑳|𝟐   (3.9) 

For the AC analysis for LNA design is derived after transient analysis. The 

primary design criterion for the LNA was the input value of the DC biasing voltage 

in order to obtain the required parameters gain. The gain of the amplifier that is 

picked up by the antenna can be used to minimize noise once a high gain has been 

reached. The expression to get the LNA design's benefit can be used as below: 

𝑮𝒂𝒊𝒏: 𝟐𝟎 𝐥𝐨𝐠
𝑽𝒐𝒖𝒕

𝑽𝒊𝒏
     (3.10) 
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3.4 Low Noise Amplifier Block diagram  

The LNA structure usually consists of two stages: an input stage and an output 

stage. The input stage is designed to have a low noise figure, which is the ratio of the 

signal-to-noise level of the amplifier, and a high gain, which is the ratio of the output 

to the input. The output stage is designed to have a low output impedance matching. 

Figure 3.3 shows block diagram of LNA.  

 

Figure 3.3: Block Diagram of Low Noise Amplifier 

The key components of a Low-Noise Amplifier (LNA) are shown in the block 

diagram below: 

a. Input Matching Network: The input matching network is responsible for 

impedance matching between the LNA and the signal source, such as an 

antenna. It ensures maximum power transfer and minimizes signal 

reflections. 

b. Active Device: The active device, usually a transistor such as a BJT, FET, 

HEMT, or CMOS device, forms the core of the LNA. It provides 

amplification and low-noise performance. 

c. Biasing Circuit: The biasing circuit establishes the appropriate operating 

conditions for the active device, ensuring it remains within its linear 
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operating range. It sets the DC voltages and currents needed for optimal 

performance. 

d. Gain Control: In some LNAs, a gain control block may be included to adjust 

the gain of the amplifier. This can be achieved through variable biasing or 

gain control circuitry. 

e. Output Matching Network: The output matching network matches the 

impedance between the LNA and the load, such as a downstream amplifier or 

receiver. It optimizes power transfer and minimizes signal reflections. 

f. DC Blocking Capacitors: DC blocking capacitors are often included at the 

input and output of the LNA to prevent any DC bias from affecting the input 

source and load, respectively. 

g. Power Supply: The LNA requires a power supply to provide the necessary 

DC voltage and current for operation. 

3.5 Reflection Coefficient of Source and Load  

For the LNA, a lumped and stub element matching is performed in both of input 

and output matching network to make an analysis between two different matching 

technique. The design applied to transistor MGA-684P8 and AT-42086. The 

calculation will be done by focusing at only 1.5 GHz.  

𝐵1 = 1 + |𝑆11|2 − |𝑆22|2 − |∆|2    (3.11) 

𝐵2 = 1 + |𝑆22|2 − |𝑆11|2 − |∆|2    (3.12) 

𝐶1 = 𝑆11 − ∆𝑆22
∗       (3.13) 

𝐶2 = 𝑆22 − ∆𝑆11
∗      (3.14) 
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Based on the above equation, the reflection coefficient of source and load can be 

substitute into those equations,  

𝛤𝑀𝑆 =
𝐵1±√𝐵1

2−4|𝐶1|2

2𝐶1
    (3.15) 

𝛤𝑀𝐿 =
𝐵2±√𝐵2

2−4|𝐶2|2

2𝐶2
    (3.16) 

 

3.6 S-parameter Simulation  

The simulation result is performed to find the noise figure, gain and stability in 

ADS software to compared to the results of calculation that has been done. The first 

process to design is by adding S-parameter in ASCII text files to create a S2P file.  

 

Figure 3.4: S-Parameter simulation circuit 
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3.7 Circuit Topologies 

Circuit topologies is basically referred to various configurations and arrangements 

of elements such as resistors, capacitors dan inductors. Understanding circuit 

topologies is crucial for analyzing and designing the circuit. In the case of this 

project, the single stage and cascade circuit is designed to simulate LNA.  

3.7.1 Single Stage  

Below a figures of single stage circuit in different matching techniques (L-

matching and stub matching) using different transistors (MGA-684P8) and (AT-

42086).  

For the L-matching network both input and output matching network are made of 

capacitors and inductors respectively, the value calculated analytically using the 

smith chart in ADS software. By inserting the value of reflection coefficient at 

source and load that calculate analytically, the L-matching can be generate 

automatically using auto element that provide in ADS software. The design of single 

stage LNA also include an input and output matching with DC biasing. Figure 3.4(a) 

shows the first stage of MGA-684P8 using L-matching.  
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Figure 3.5 (a): Single Stage Circuit of MGA-684P8 using L-Matching 

The figure 3.5(a) and (b) will do a comparison after design is completing done 

connecting respectively. The comparison is made between different transistor but 

same in matching technique and topology. Figure 3.5 (b) single stage circuit of AT-

42068 using L-Matching. 

 

Figure 3.5 (b): Single Stage Circuit of AT-42068 using L-Matching 

Stub matching is another technique that using a same process using smith chart in 

ADS software. By inserting the value of reflection coefficient that calculate 

analytically, the components like transmission line and open stub are used to design 

the smith chart in ADS. Figure 3.5 (d) and (e) shows single stage circuit of MGA-

684P8  and AT-42086 using Stub Matching respectively. 
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Figure 3.5 (d): Single Stage Circuit of MGA-684P8 using Stub Matching 

 

Figure 3.5 (e): Single Stage Circuit of AT-42068 using Stub Matching 

3.7.2 Cascaded Circuit 

The cascaded circuit is designed to optimize a better gain. Noise figure is less 

important in this stage. Both the input and output of this stage are conjugate matched 

to the active device. The second stage input and output match are same and all the 

values of the components are also the same with single stage. In this design, the 
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cascade in two stage of LNA is designed. The cascaded circuit shows a different 

design of circuit in different matching and transistors. 

As seen in figure below, the two-stage of L-matching are connecting serially with 

2-port transistor. The single stage of transistor is connected serially with second 

transistor without ignoring the single component of input and output matching 

network or DC biasing. Figure 3.5 (a) and (b) shows cascaded circuit of different 

transistor (MGA-684P8) and (AT-42086) with same L-matching technique.  

 

Figure 3.6 (a): Cascaded Circuit of MGA-684P8 using L-Matching 

 

Figure 3.6 (b): Cascaded Circuit of AT-42068 using L-Matching 

As same as L-Matching technique, the stub matching is connecting serially to 

each single stage to single stage without neglect input and output matching in each 
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stage and DC biasing. Figure 3.5 (c) and (d) shows cascaded circuit of different 

transistor (MGA-684P8) and (AT-42086) using stub matching.   

 

Figure 3.6 (c): Cascaded Circuit of MGA-684P8 using Stub Matching 

 

Figure 3.6 (d): Cascaded Circuit of AT-42068 using Stub Matching 



 

 

 

 

CHAPTER 4  

RESULTS AND DISCUSSION 

In this chapter, Advance Design System (ADS) was used as a main work process 

to design a LNA simulation. The ADS software will show all the simulation results 

that get from the S-parameter of transistor such as stability, noise figure and gain.   

The main component in order to simulate design LNA for Microwave Breast 

Cancer Imaging application is to about noise figure and gain. The result that shown 

in simulation and optimization of LNA design was compared to find the best results.  

4.1 Transistor Selection 

In designing the LNA, the first step to consider in process to design was by 

finding the stability of transistor. Stability is an important part of the transistor 

selection to get the analysis in unconditionally stable. If the transistor stability is too 
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low when choosing specific DC bias point and frequency, another transistor testing 

needs to be considered and seen. The calculation for noise figure and gain can be 

done after transistor device testing is passed in stability condition. Thus, the S-

parameter in transistor’s  datasheet can be helping to calculate the next calculation 

part in LNA.  

For initial testing, the MGA-684P8 and AT-42086 have been selected to design 

an LNA. This transistors have lot of features, for instance in low noise figure, high 

linearity performance and using GaAs E-pHEMT technology (MGA-684P8) and 

NPN bipolar transistor that utilizes Silicon (Si) technology (AT-42086).  

Table 4.1: S-parameter in 1.5 GHz frequency 

Transistor MGA-684P8 AT-42086 

S11 0.33 -101.54 0.61 154 

S12 0.0257.72 0.05764 

S21 8.6770.27 4.4862 

S22 0.33 -51.61 0.31 -31 

 

4.1.1 Unilateral Figure of Merit 

Unilateral figure of merit is performed to assuming 𝑆12 equal to zero when 𝑆12 is 

in bilateral case, if  𝑆12 = 0 the procedure to design is much simpler.  
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The equation of unilateral figure of merit (U)  is known as  

𝑈 =
|𝑆12||𝑆21||𝑆11||𝑆22|

(1−|𝑆11|2)(1−|𝑆22|2)
   (4.1.1) 

The lower and upper ranges is introduced when using 𝐺𝑇𝑈 is bounded by 

1

(1+𝑈)2 <
𝐺𝑇

𝐺𝑇𝑈
<

1

(1−𝑈)2   (4.1.2) 

From the above equation,  the S-Parameter of MGA-684P4 and AT-42086 can be 

substituted into (4.1.1). Thus, can determine error ranges using (4.1.2). 

For MGA-684P4, 

𝑈 =
|0.02||8.67||0.33||0.33|

(1 − |0.33|2)(1 − |0.33|2)
 

= 0.0238 

1

(1 + 0.0238)2
<

𝐺𝑇

𝐺𝑇𝑈
<

1

(1 − 0.0238)2
 

or in decibels,  

−0.2045 <
𝐺𝑇

𝐺𝑇𝑈
< 0.2078 

For AT-42086, 

𝑈 =
|0.057||4.48||0.61||0.31|

(1 − |0.61|2)(1 − |0.31|2)
 

= 0.085 
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1

(1 + 0.085)2
<

𝐺𝑇

𝐺𝑇𝑈
<

1

(1 − 0.085)2
 

or in decibels,  

−0.7086 <
𝐺𝑇

𝐺𝑇𝑈
< 0.7716 

The error of both transistor is small enough to justify the unilateral assumption. A 

value can be considered high if the unilateral figure of merit (U) is greater than 0.1. 

Therefore, the error in this method can be more than 1dB. 

4.1.2 Calculation of Parameter 

This calculation shows the initial results for gain, noise figure and stability on 1.5 

GHz with reference in S-parameter datasheet between MGA-684P8 and AT-42086. 

For MGA-684P8, 

a) Gain  

𝐺𝑇𝑈,𝑚𝑎𝑥 = 
1

1−|𝑆11|2
|𝑆21|2 1

1−|𝑆22|2 

= 18.89 dB 

b) Noise Figure 

𝑁𝐹 = 𝐹𝑚𝑖𝑛 +
4𝑅𝑛

𝑍0

|𝛤𝑠 − 𝛤𝑜𝑝𝑡|2

(|1 + 𝛤𝑜𝑝𝑡|2)(|1 − 𝛤𝑠|2)
 

= 0.39 dB 

c) Stability  
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𝐾 =
1 − |𝑆11|2 − |𝑆22|2 + |∆|2

2|𝑆12𝑆21|
  

= 2.36>1 

For AT-42086, 

a) Gain  

𝐺𝑇𝑈,𝑚𝑎𝑥 = 
1

1−|𝑆11|2
|𝑆21|2 1

1−|𝑆22|2 

= 13.57 dB 

b) Noise Figure 

𝑁𝐹 = 𝐹𝑚𝑖𝑛 +
4𝑅𝑛

𝑍0

|𝛤𝑠 − 𝛤𝑜𝑝𝑡|2

(|1 + 𝛤𝑜𝑝𝑡|2)(|1 − 𝛤𝑠|2)
 

= 0 dB 

c) Stability  

𝐾 =
1 − |𝑆11|2 − |𝑆22|2 + |∆|2

2|𝑆12𝑆21|
  

=1.05>1 

Table 4.2: Comparison of Calculation Results of 1.5 GHz from different 

transistors 

Parameter MGA-684P8 AT-42086 

Transducer Power Gain, GT 18.89 dB 13.57 dB 
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Noise Figure, NF 0.39 dB 

 

0 dB 

Stability, K 2.36 1.05 

 

Based on the above results, the performance of the MGA-684P8 and AT-42086 

transistor at 1.5 GHz are compared for the analysis of different technology. The 

MGA-684P8 transistor has a better performance than AT-42086  in terms of gain 

(18.89 dB vs. 13.57 dB). Meanwhile in noise figure’s parameter AT-42086 transistor 

has overcome MGA-684P8 transistor (0 dB vs. 0.39 dB). In terms of stability, both 

of transistor exhibits unconditional stability at 1.5 GHz with K>1. 

4.1.3 Simulation of Transistor 

Using ADS software, the value of stability is described in figure 4.1(a) and (b) 

shows the simulation result for two different transistors based on 1.5 GHz. The 

result’s simulation of stability for MGA-684P8 and AT-42086 is shown below. 

 

Figure 4.1 (a): Stability of MGA-684P8 
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MGA-684P8 has a stability of 2.355 which means unconditionally stable over a 

wider range of input and output impedances and operating frequencies. Hence, the 

design and matching of amplifier is easier to perform without risk oscillations.  

 

Figure 4.1 (b): Stability of AT-42086 

The stability of AT-42086 has a stability of only 1.05 which shows lower than 

MGA-684P8 transistor (2.355). It is potentially prone to oscillate if impedances are 

not carefully matched. Even though the value is nearly to 1 in stability factor, the 

stability of AT-42086 still indicates unconditionally stable condition.  

4.2 DC Bias 

Biasing is a first step in the design of amplifier to ensure the transistor meets 

specification design requirements in order for the transistor operates in active or 

linear region. The stability of Q-Point is crucial for transistor to DC biased at a 

suitable middle point. 
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4.2.1 Graphical Analysis 

The value can be calculated from the graph below by using bias point provided in 

datasheet. The DC biasing design for different type of transistor has been analysis 

respectively.  In the case of Field Emitter Transistor (FET), Q-point is chosen on ID-

VDS curve, while in a case of the bipolar junction transistor (BJT), Q-point is 

chosen on IC-VCE curve. Figure 4.2 shows an I-V curves’s graph.  

 

Figure 4.2: I-V curves 

For MGA-684P8, the given IDS is 35 mA meanwhile VDS is 5 V, using the given 

Q-point we can see that the value of VGS is determined to be -0.89 V graphically. 

From this graph the value of IDSS is 150mA when IDSS = 0 and  VT is = -0.5 V when 

VT = 0. Figure 4.3 shows a graph of VGS. 
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Figure 4.3: VGS graph 

The AT-42086 is applied passive bias in order to construct a single stage and 

cascaded LNA. The components that passive bias use is resistors, conductors and 

inductors which is connected to the gate (G) drain (D) and source (S).  The given Ic 

is 35 mA and VCE is 8 V. By using the Q-point, VBE is determined to be 0.857 V 

meanwhile for IBB. The beta of BJT transistor is decided to state 160. Figure 4.4 (a) 

and (b) shows VBE graph and IBB graph respectively.  

 



   43 

 

 

Figure 4.4 (a): VBE graph 

 

Figure 4.4 (b): IBB graph 

4.2.2 Analytical Analysis 

The given value from the datasheet of MGA-684P8 is IDS = 35 mA and VDS = 5 V 

meanwhile VGS is -0.89 V from figure 4.5. 

Assuming VGG = -7V 

The resistance R1 and R2 are calculated as (
𝑅2

𝑅1+𝑅2
). 

Solving above equations, 𝑅1 = 2𝑅2 

Assume 𝑅1 = 1 𝑀Ω, 𝑅2 =  2𝑀Ω, RS = 200 Ω 

For calculating the RFC choke, assuming 𝑍𝐿 should be ten times greater than the 

value of 𝑍0.  

𝑍𝐿 = 𝑗𝜔𝐿 

Therefore, L = 53.08 nH 
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Meanwhile the DC-Block capacitor value can be justified when 𝑍𝐶  is 1/10 times of 

𝑍0.  

𝑍𝐶 =
1

𝑗𝜔𝐶
 

Thus, C = 21.22 pF 

The biasing circuit of FET is shown below in figure 4.5(a) 

 

Figure 4.5 (a): DC biasing of MGA-628P8 

For the transistor AT-42086, 

𝑅1 =
𝑉𝐵𝐸

𝐼𝐵𝐵
= 3.07 𝑘Ω 

𝑅2 =
𝑉𝐶𝐸 − 𝑉𝐵𝐸

𝐼𝐵𝐵
= 25.6 𝑘Ω 

𝑅3 =
𝑉𝐶𝐶 − 𝑉𝐶𝐸

𝐼𝐶 − 𝐼𝐵𝐵
= 57.6 Ω 
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Figure 4.5 (b): DC biasing of AT-42086 

 

4.3 Input and Output Matching Network 

For the LNA, a lumped and stub element matching is performed in both of input 

and output matching network to make an analysis between two different matching 

technique. The design applied to transistor MGA-684P8 and AT-42086. The 

calculation will be done by focusing at only 1.5 GHz. 

4.3.1 L-matching 

 The smith chart for L-matching is performed by using ADS simulation. The 

smith chart of MGA-684P4 is obtained by inserting the value of reflection 

coefficient at source and load. 

 



   46 

 

 

Figure 4.6 (a) : Input matching of L-matching for MGA-684P8 

 

Figure 4.6 (b) : Output matching of L-matching for MGA-684P8 

Meanwhile for AT-42086, 

 

Figure 4.7 (a): Input matching of L-matching for AT-42086 

 

Figure 4.7 (b): Output matching of L-matching for AT-42086 

4.3.2 Stub matching 

For MGA-684P8 
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Figure 4.8 (a) : Input Matching of Stub matching for MGA-684P8 

 

Figure 4.8 (b): Output Matching of Stub matching for MGA-684P8 

For AT-42086 

 

Figure 4.9 (a): Input Matching of Stub Matching for AT-42086 

 

Figure 4.9 (b): Output Matching of Stub Matching for AT-42086  
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4.4 Simulation of Circuit Topologies 

The simulation of circuit topologies has been investigate using comparison 

between single stage and cascaded circuit. Each of the design circuit have different 

matching techniques that been applied to make an analysis.  

4.4.1 Single Stage Simulation 

 Comparison graph of different transistor between MGA-684P8 and AT-42086 

using different matching techniques. 

 

 

 

 

Figure 4.10 (a): Noise Figure in L-Matching 

The simulation results in figure 4.12 have shown that noise figure of AT-42086 is 

lower than MGA-684P8 transistor. The noise figure at single stage using L-matching 

of AT-42086 is shows 0.036 dB meanwhile for MGA-684P8 is 0.402 dB.  

 

 

 

 

MGA-684P8 AT-42086 
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Figure 4.10(b): Gain in L-Matching 

Value of gain shows the MGA-684P8 is 23.24 dB slightly more than AT-42086 

transistor which 22.58 dB so that both of transistor achieved the specification in 

single stage using L-Matching. 

 

 

 

 

 

 

Figure 4.10(c): Noise Figure in Stub Matching 

 

 

 

 

 

 

 

MGA-684P8 

 

AT-42086 

 

MGA-684P8 

 

AT-42086 
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Figure 4.10(d): Gain of in Stub Matching 

The figure 4.10(d) AT-42086 based on 1.5 GHz made a value of noise figure at 

0.06 dB compared to MGA-684P8 that have slightly bigger noise figure. Besides, the 

gain of both transistors has a little different in value. As in the graph, the MGA-

684P8 made a 23.23 dB while AT-42086 is 22.58 dB. 

Table 4.3: Simulation Result of MGA-468P8 and AT-42086 in Single Stage using 

Different Matching Technique 

TRANSISTOR MGA-684P8 AT-42086 

Matching Network L-matching Stub L-matching Stub 

Noise Figure 0.402 dB 0.405 dB 0.036 dB 0.06 dB 

Gain 23.56 dB 23.24 dB 22.584 dB 22.582 dB 

 

From the different transistors, the calculation and simulation are already shown 

that the comparison with gain and noise figure. The result of MGA-684P8 and AT-

42086 transistor have a meet the requirments for specification LNA design. 

 

MGA-468P8 AT-42086 
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Transistor AT-42086 achieved lower noise figure 0.036 dB (L-matching) and 0.06 

dB (stub) compared to MGA-684P8 get the value 0.402 dB (L-matching) and 0.405 

dB (stub). However, the results for the gain show both transistor meet specifications 

above 20 dB by using different matching technique.  

4.4.2 Cascade Simulation 

The overall simulation result of cascading the two-stage amplifier using transistor 

MGA-684P8 and AT-42086 and using different matching (L and stub). Figure 4.? 

Shows noise figure in cascade using L-matching.  

 

 

 

 

 

Figure 4.11(a): Noise Figure in Cascade using L-Matching 

 

 

 

 

 

 

MGA-468P8 AT-42086 
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Figure 4.11(b): Gain in Cascade using L-Matching 

 

 

 

 

 

 

Figure 4.11(c): Noise Figure in Cascade using Stub Matching 

 

 

 

 

 

MGA-468P8 AT-42086 

MGA-468P8 

 

AT-42086 
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Figure 4.11(d): Gain of AT-42086 in Cascade using Stub Matching 

Table 4.4: Simulation Result of MGA-468P8 and AT-42086 in Cascaded using 

Different Matching Technique 

Transistor MGA-684P8 AT-42086 

Matching Network L-Matching Stub L-Matching Stub 

Noise Figure 0.614 dB 0.407 dB 0.082 dB 0.061 dB 

Gain 46.481 dB 46.504 dB 45.165 dB 45.165 dB 

 

The design of cascade circuit is connected in two stages. As shown in table 4.5, 

the result for parameter of noise figure is achieved to target specification because we 

focused for minimum noise figure which is less than 2dB. So, noise figure for MGA-

684P8 is 0.614 dB (L-matching) and 0.407 dB (stub) but for AT-42086 is 0.082 dB 

(L-matching) and 0.061 dB (stub). Besides that, the gain has proven additional gain 

value. It shows the gain increase two times of dB (above 40 dB) compared to single 

stage which is above than 20 dB. 

 

MGA-468P8 AT-42086 
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4.5 Project Significant  

This project is simulation-based work and does not involve hardware and 

chemical elements thus the impact on sustainability and environmental aspects is 

minimal. The sustainability design goals that involved in this project are listed 

below.  

a) SDG 3: Good Health and Well-being 

Microwave breast cancer imaging aims to contribute to early and accurate 

detection of breast cancer, promoting good health by enabling early intervention and 

treatment for all at all ages. 

b) SDG 5: Gender Equality 

Breast cancer predominantly affects women, and early detection through 

technologies like microwave imaging contributes to gender equality by improving 

healthcare outcomes for women.  

c) SDG 9: Industry, Innovation and Infrastructure  

The development and use of low noise amplifiers in microwave breast cancer 

imaging contribute to technological innovation in the healthcare sector, supporting 

the goal of sustainable infrastructure for healthcare. 

d) SDG 10: Reduced Inequality 

Access to advanced medical technologies, such as microwave breast cancer 

imaging, can contribute to reducing health inequalities by providing more accurate 
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and accessible diagnostic tools, benefiting all individuals, regardless of their socio-

economic status. 

e) SDG 11: Sustainable Cities and Communities 

The application of medical technologies like microwave breast cancer imaging 

can improve healthcare services in urban areas, contributing to the development of 

sustainable and resilient healthcare systems. 

f) SDG 12: Responsible Consumption and Production 

The development and use of low noise amplifiers in medical imaging should align 

with responsible consumption and production practices, considering the 

environmental impact and sustainability of the technologies. 

g) SDG 17: Partnerships for the Goals 

Collaboration between governments, private sectors, and research institutions is 

crucial for advancing technologies like microwave breast cancer imaging. 

Partnerships can facilitate the sharing of knowledge, resources, and expertise, 

accelerating progress toward the SDGs. 

 

 



 

 

 

 

CHAPTER 5  

CONCLUSION AND FUTURE WORKS 

5.1 Conclusion  

The LNA is design for Microwave Breast Cancer Imaging application. The goals 

of this project are to design a LNA with  frequency range 1-2 GHz and to analysis 

and verify the simulation performance of the designed LNA using ADS software.  

The reason this frequency is used is because it plays a crucial role in various imaging 

applications, offering advantages related to penetration depth, SNR, scattering 

reduction, and specific imaging techniques.  

The  transistor that has been used to get initial result in stability, noise figure and 

gain is pHEMT MGA-684P8 and AT-42086. The transistor is chosen because it 

meets requirement to satisfy stability condition k>1. Thus, the next calculation can 
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be proceeded to get gain and noise figure to satisfy specifications of LNA in this 

project. The specifications of noise figure and gain is satisfied to meet with the 

requirements below 2 db in noise figure and above 20 dB for gain.  

For input and output matching of the component, L-matching and single stub 

matching is used. The all value of L-matching, length and distance of the stub 

matching are found by calculation and smith chart. The calculation is done by using 

the frequency at 1.5 GHz.  

When all the simulation work for both transistors was completed using the ADS, 

the results obtained by both transistors demonstrate that in terms of gain and noise 

figure. Hence, the most suitable transistor for 1.5 GHz LNA design in cascade is 

silicon bipolar junction transistor (Si BJT) AT-42086 since it represents a low noise 

figure which is 0.082 dB (L-matching) and 0.061 dB (stub) in two different matching 

technique compared to MGA-684P8 when the value is 0.614 dB (L-matching) and 

0.407 dB (stub). Noise figure is the important parameter for the LNA to reduce the 

sensitivity of the signals.  Moreover, the gain for the AT-42086 is 45.165 dB (L-

matching) and 45.165 dB (stub) meanwhile for MGA-684P8 represents 46.481 dB 

(L-matching) and 46.504 dB (stub). 

5.2 Future Work  

From this project, the two-stage design of LNA for the future will have a practical 

test and fabrication with have satisfied specifications. Its result will be compared to 

the simulation results for the analysis. Thus, the fabrication of LNA also can be 

apply to the real system of microwave breast cancer imaging. The experiences in 

fabricating of LNA will make a good experience and better understanding in RF 
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designs. The fabrication results are important for this project commercialized value 

for future used.  

The most important when designing a LNA is a proposed transistor, the transistor 

is the component that will produce the gain and affect the noise figure of the LNA 

need to be selected which can be satisfied into specification. In finding the best 

transistor, increasing research and selection of the transistor or make acomparison 

using another transistor technology is important to get the performance of the overall 

operation of LNA.  

For the parameter in LNA, the linearity and PAE can be considered to analysis to 

have more output in LNA.  By adding the parameter, we can see the different result 

and performance using different matching techniques and circuit designs. 



   59 

 

 

REFERENCES 

[1]  S. O. a. Y. H. Hwang, "Recent advances in microwave imaging for 

breast cancer detection," IEEE Trans. Biomed. Eng., vol. 69, no. 9, pp. 

2716-2728, 2023.  

[2]  R. M. P. S. A. D. S. T. a. P. N. M. M. Joshi, "Performance Analysis of 

Radio Frequency (RF) Low Noise Amplifier (LNA) with various Transistor 

Configurations," 2020 5th International Conference on Devices, Circuits 

and Systems (ICDCS), pp. 88-91, 2020.  

[3]  A. N. a. A. R. Attari, "Near-Field Radar-Based Microwave Imaging for 

Breast Cancer Detection: A Study on Resolution and Image Quality," IEEE 

Transactions on Antennas and Propagation, vol. 69, no. 3, pp. 1670-1680, 

2021.  

[4]  M. Steer, Microwave and RF Design V: Amplifiers and Oscillators, 

North Carolina: LibreTexts, 2013.  

[5]  D. Pavlidis, "HBT vs. PHEMT vs. MESFET: What's best and why," 

2014.  



   60 

 

 

[6]  N. H. K. C. G. C. K. A. R. O. A B Ibrahim, "Cascode Low Noise 

Amplifier (LNA) with Negative Feedback for Long Term Evolution 

(LTE)," IOP Conference Series Materials Science and Engineering, vol. 

1051, no. 1, February 2021.  

[7]  K. T. Kishor G. Sawarkar, "Negative image amplifier technique for 

performance enhancement of ultra wideband LNA," International Journal 

of Electrical and Computer Engineering (IJECE), vol. 9, no. 1, 2019.  

[8]  R. C. S. Arun Kumar Ray, "Design of Ultra Low Noise, Wide Band 

Highly Survivable Low Noise Amplifier for Radar Receiver," IET Circuits, 

Devices and Systems, vol. 10, no. 6, 2016.  

[9]  B. Shrestha, "Design of Low Noise Amplifier for 1.5 GHz," vol. 1, no. 

13, pp. 40-47, September 2018.  

[10]  V. S. C. a. P. K. Lakshmi, "Design of a Low Noise Amplifier for C-band 

Receivers," INTERNATIONAL JOURNAL OF RESEARCH IN 

ELECTRONICS AND COMPUTER ENGINEERING, vol. 6, no. 3, 2018.  

[11]  Z. -J. C. R. W. B. L. a. X. -L. L. Z. Jin, "A 0.1-10GHz Ultra-Wideband 

High-Gain Low-Noise Amplifier for UWB receiver," 2021 International 

Conference on Microwave and Millimeter Wave Technology (ICMMT), 

Nanjing, China, pp. 1-3, 2021.  

[12]  U. S. a. K. Y. M. Adel, "A 0.65V, Ultra Low-Power CMOS Ultra-

Wideband Low Noise Amplifier using Forward Body-Biasing for 

Biomedical Applications," 2022 10th International Japan-Africa 

Conference on Electronics, Communications, and Computations (JAC-



   61 

 

 

ECC), Alexandria, Egypt, pp. 238-240, 2022.  

[13]  N. H. A. K. H. F. H. A. A. S. Abu Bakar Ibrahim1, "The Development 

of Cascode Low Noise Amplifier with Double Feedback Technique 

Architecture for Wireless Communication," Journal of Advanced Research 

in Fluid Mechanics and Thermal Sciences, vol. 87, no. 2, pp. 82-89, 2021.  

[14]  T. Kulatunga, "400-to-800MHz Low-Noise Amplifier for Radio 

Astronomy," Calgary, Canada, 2018. 

[15]  N. K. S. R. J. B T Venkatesh Murthy, "Ultra Low Noise Figure, Low 

Power Consumption Ku- Band LNA with High Gain for Space 

Application," in 2020 5th International Conference on Communication and 

Electronics Systems (ICCES), 2020.  

[16]  S. J. a. R. Sharma, "Design of High Gain, High Reverse Isolation and 

High Input Matched Narrowband LNA," vol. 2, no. 2, pp. 107-115, 2019.  

[17]  D. -M. K. a. K. -Y. Lee, "A Design of Low Noise Amplifier with 

Cascode Structure," in 2021 IEEE International Conference on Consumer 

Electronics-Asia (ICCE-Asia), Gangwon, Korea, 2021.  

[18]  P. B. a. R. Q. Fabian Thome, "A D-Band Low-Noise Amplifier MMIC 

in a 70-nm GaN HEMT Technology," in 18th European Microwave 

Integrated Circuits Conference (EuMIC), Berlin, Germany, 2023.  

[19]  G. R. e. al, "Performance of ultra-wide band DCBLNA with suspended 

strip line radiator for human breast cancer diagnosis medical imaging 

application," IET Circuits, Devices and Systems, vol. 14, no. 8, 2020.  

[20]  L. R. L. a. W. A. M. V. Noije, "Low Noise Broadband Amplifier for 



   62 

 

 

Breast Cancer System," 2022 35th SBC/SBMicro/IEEE/ACM Symposium 

on Integrated Circuits and Systems Design (SBCCI), pp. 1-5, 2022.  

 

 



   63 

 

 

APPENDICES A

 



   64 

 

 

APPENDICES B 

 



   65 

 

 

APPENDICES C

 



   66 

 

 

APPENDICES D 

 



   67 

 

 

APPENDICES E 

 



   68 

 

 

 



   69 

 

 

 



   70 

 

 

 



   71 

 

 

 



   72 

 

 

 



   73 

 

 

 



   74 

 

 

 



   75 

 

 

 



   76 

 

 

 



   77 

 

 

APPENDICES F 

 



   78 

 

 

 

 

 

 



   79 

 

 

 

 

 

 



   80 

 

 

 

 

 

 



   81 

 

 

 




