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ABSTRACT 

KAZI SHIDRATUL MUNTAHA: Active Three Way Equal Phase Power Splitter with 7 dB Gain 

based on a transmission line circuit and medium power RF Amplifier at 2.45 GHz 

Master of Science Thesis, 55 pages, 2 Appendix pages 

Tampere University 

Wireless Communication and RF Systems 

October 2024 
 

This thesis report presents the design, analysis, and implementation of an active three-way 
equal-phase power splitter with a 7 dB power gain, operating at the Industrial, Scientific, and 
Medical (ISM) band frequency of 2.45 GHz. The proposed power splitter combines a transmission 
line-based circuit with a medium-power RF amplifier to achieve both equal power distribution and 
consistent phase alignment across three output ports. Key design considerations include imped-
ance matching, phase balancing, and minimizing insertion loss, which are crucial for maintaining 
high performance in RF and microwave systems. 

Detailed simulations using ADS (advanced design system) software tools are performed to 
validate the circuit's theoretical performance in terms of gain, phase, input reflection coefficient, 
and output reflection coefficient. The design process included careful biasing and transmission 
line integration to achieve impedance matching. 

The amplifier compensates for power losses inherent in passive power dividers, providing an 
overall gain of 7 dB across each of the three output ports, after accounting for the 5 dB insertion 
loss typically encountered in the power splitting process. The power splitter is optimized for low 
return loss and high isolation between output ports, ensuring minimal signal degradation and in-
terference.  

The prototyped amplifier has a gain of 8.1 dB with an input reflection coefficient of -7 dB and 
an output reflection coefficient of -38 dB available at the operating frequency of 2.45 GHz. This 
amplifier is unconditionally stable up to 10 GHz. The fabricated cascaded circuit provides an equal 
2.7 dB power gain after subtracting 5 dB at each output port with an input reflection coefficient of 
-7 dB and an output reflection coefficient of -10 dB at 2.45 GHz. 

Overall, this design effectively meets the needs of reliable and consistent power splitting, mak-
ing it suitable for modern wireless applications. 
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1. INTRODUCTION 

As one of the world's most widely used license-free frequency bands, the 2.4 GHz band 

is a part of the technical, academic, and healthcare (ISM) radio bands. Its widespread 

availability has led to rapid growth in applications and technologies utilizing this band. 

Apart from the microwave oven that functions in the 2.4 - 2.5 GHz frequency band, 

roughly centered at 2.45 GHz, other communication devices that are operating in this 

ISM band are RFID, wireless phones, Bluetooth, Wi-Fi, ZigBee, WLANs, and wireless 

sensor networks (WSNs)[1]. 

Electromagnetic waves, or radio frequency (RF) energy, were widely used in radio trans-

mission in the past. Many creative studies on radiofrequency energy have been con-

ducted recently, leading to significant progress in the field's application fields. Examples 

of these include automotive (RF spark plugs), industrial, medical, and RF plasma lighting 

[1].  

The transition from 3G to 4G and LTE in communication systems has required higher 

RF power transmission levels to enable greater coverage and higher data rates. The 

industry's requirement to reduce the price and dimensions of transmission equipment 

must be balanced with this expanding demand for power. As a result, RF transistor and 

amplifier technology, types, and design considerations have advanced significantly [2]. 

A high-performance RF amplifier is introduced here operating at 2.45 GHz. This has 

been designed to deliver substantial output power while maintaining exceptional effi-

ciency and linearity, this amplifier incorporates a 3-way transmission line output power 

divider to enhance system flexibility and coverage. 

The integration of a medium-power RF amplifier is critical to achieving the desired power 

gain. The selection of the RF amplifier involves careful consideration of factors such as 

linearity, bandwidth, and thermal performance to ensure reliable operation within the 

specified frequency range. By optimizing these components, the overall performance 

can be enhanced and expanded its applicability in real-world RF systems. 

To realize this design, a transmission line circuit is employed, leveraging the inherent 

characteristics of transmission lines to manage impedance and phase relationships. 

Transmission lines offer an effective means to achieve controlled signal propagation, 
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making them ideal for RF applications where precision is paramount. By carefully de-

signing the lengths and characteristic impedances of the transmission lines, it can be 

ensured that the splitter provides equal phase output, which is essential for maintaining 

signal integrity in multi-path environments[3].  

This thesis will provide a comprehensive analysis of the integrated amplifier and power 

divider, encompassing theoretical foundations, design considerations, and experimental 

results. The performance of the amplifier will be thoroughly evaluated, focusing on key 

metrics such as gain, output power, and linearity. Additionally, the power divider's per-

formance will be assessed in terms of isolation, insertion loss, and equal power distribu-

tion. 

 Motivation 

The aim of this thesis work is to fabricate a cascaded circuit of medium power RF ampli-

fier with a three-way power divider with 7 dB gain which operates at 2.45 GHz. First of 

all, an Amplifier based on a BJT transistor [4] can provide medium-level output power 

with around 12 dB gain at the 2.45GHz ISM band. In the design, the target was to cover 

the specified 100MHz bandwidth around 2.45GHz with maximal gain and unconditional 

stability. In the second part, the integration of the amplifier with a 3-way equal-split trans-

mission line power divider its output, considering the application of an array antenna feed 

network. 

 Objectives and Scope of the thesis 

The main objective of this thesis is to demonstrate a cascaded circuit comprising an 

amplifier and a power divider that ensures equal phase and power distribution. The 

scope of this thesis work is outlined as follows:  

 A comprehensive literature review on RF amplifiers and power splitters. 

 Selection of appropriate topology for amplifier design. 

 Selection of a suitable transmission line circuit topology for the three-way equal-

phase power splitter.  

 Application of Advanced Design System (ADS) for designing RF amplifier and 

three-way power splitter  

 Fabrication of amplifier and power splitter and testing. 
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 Fabrication of integration of cascaded circuit into a single substrate and evalua-

tion of comprehensive measurements  

 

 Thesis Outline 

The whole report is divided into 6 chapters. Chapter 1 intro RF amplifiers, power dividers, 

thesis motivation, and the objective of the thesis.  

Chapter 2 provides a brief overview of the fundamentals of RF Amplifiers and their per-

formance parameters, which are crucial for RF design and characterization. It provides 

an overview of the performance metrics of a two-port network, including scattering (S)-

parameters and stability factors. The selection of DC bias circuits is also addressed. 

Additionally, the design for maximum gain is presented. Finally, the chapter concludes 

with a discussion of concepts of linearity. 

Chapter 3 provides the concept of the basic properties of transmission line dividers. This 

section presents a detailed overview of power dividers and directional couplers, which 

are vital components in RF and microwave systems for distributing signals. It discusses 

various types of power dividers, including 3-port power dividers, resistive power dividers, 

and Wilkinson power dividers, focusing on their structures and properties. Additionally, it 

includes a brief description of even and odd mode analysis. 

Chapter 4 includes the simulation-based design procedure. This section outlines the de-

sign process for the high-gain 2.45 GHz RF amplifier and the 3-way transmission line 

power divider. It includes defining specifications, selecting appropriate components, and 

creating and simulating the circuit. The design optimization focuses on enhancing per-

formance, while the biasing network ensures the proper operation of the amplifier's tran-

sistor. Additionally, the power divider's role in effectively distributing the amplified signal 

is highlighted. 

Chapter 5 represents the measurement procedure and data analysis. This chapter fo-

cuses on the implementation of amplifier circuits, power divider circuits, and their com-

bined setups. It begins by discussing the layout and fabrication of the circuits, empha-

sizing important considerations throughout this stage. The measurement procedures 

used to evaluate the performance of these circuits are detailed, along with the tools and 

techniques utilized for data collection. Additionally, a comparison between the results 

from simulations and actual measurements and linearity test measurements is pre-

sented. Chapter 6 provides conclusions from the work and learning outcomes. 
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2. FUNDAMENTALS OF RF AMPLIFIERS 

An amplifier is an active device that can increase the amplitude of voltage, current, or 

both. It functions at zero frequency (as a DC amplifier), at low frequencies (as an audio 

amplifier), or at high frequencies (as an RF amplifier). Since power is defined as P=VI, 

amplifying the current and/or voltage inherently leads to power amplification. This capa-

bility is a fundamental feature of amplifiers, enabling them to enhance signal strength 

across various applications[5]. 

An electronic device used for enhancing radio frequency signal power is called an RF 

power amplifier. It increases the power level of a weak input signal to make it appropriate 

for long-distance transmission or driving high-power loads, most frequently antennas. 

The capacity of RF power amplifiers to effectively handle high power levels while pre-

serving linearity, signal quality, and minimal distortion is one of its defining characteristics 

[6]. 

This section presents a detailed overview of RF amplifier basics. Key topics include S-

parameters for characterizing amplifier performance, stability analysis to ensure reliable 

operation, matching network design for efficient power transfer, and bias circuit configu-

ration for setting amplifier operating conditions. These foundational concepts are essen-

tial for understanding and designing high-performance RF amplifiers. 

 Scattering Parameters 

The scattering or S-parameters are a valuable tool in RF and microwave engineering as 

they characterize the reflection and transmission of the signal through a linear circuit 

which naturally extends the concepts of the transmission line theory. S-parameters are 

often represented in matrix form, referred to as the S-matrix [7, p. 178]. In particular, 

amplifiers in their linear operating region can be represented with two-port S-parameters. 

Figure 1 shows the definition of the two-port S-parameters. 
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𝑉1
− = 𝑆11𝑉1

+ + 𝑆12𝑉2
+ , (2.1) 

𝑉2
− = 𝑆21𝑉1

+ + 𝑆22𝑉2
+ , (2.2) 

 

The incident and reflected wave voltages at port 1 are denoted as 𝑉1
+ and 𝑉1

−, respec-

tively. Similarly, 𝑉2
+  and 𝑉2  

− represent the incident and reflected wave voltages at port 2. 

The scattering parameters, or S-parameters, of the network are typically expressed as 

complex numbers: 𝑆11, 𝑆12, 𝑆21, and 𝑆22.  The S-matrix can be written as: 

𝑆 =  [
𝑆11 𝑆12

𝑆21 𝑆22
] . (2.3) 

S-parameters for the amplifier are provided at a single frequency point and for a specific 

bias current. Equations 1 and 2 can be expressed as a matrix. 

[
𝑉1

−

𝑉2
−] = [

𝑆11 𝑆12

𝑆21 𝑆22
] [

𝑉1
+

𝑉2
+] . (2.4) 

𝑆11 can be interpreted as the reflection coefficient of port 1 when 𝑉2
+ has been eliminated 

i.e. 𝑉2
+ = 0 meaning that port 2 is terminated with a matched load. Standard RF and 

microwave systems typically use a 50-ohm impedance.  

𝑆11 = 
𝑉1

−

𝑉1
+   . (2.5) 

From equation (2) transmission parameter or gain 𝑆21 can be written as [7, p. 180] 

𝑆21 = 
𝑉2

−

𝑉1
+    . (2.6) 

Also, the 𝑆22-parameter as the output reflection coefficient can be derived from the equa-

tion (2) when 𝑉1
+ = 0 meaning that port 1 is terminated with a matched load. 

𝑆22 = 
𝑉2

−

𝑉2
+   . (2.7) 

Figure 1. Two-port network S-parameters representation 

Active Two-Port 
Network 

𝑉1
+ 

𝑉2
+ 

𝑆21 

 𝑉1
− 

 𝑉2
− 

Input port Output port 

𝑆11 𝑆22 

𝑆12 

Port 1 Port 2 
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Similarly, the 𝑆12-parameter known as reverse gain can be expressed as 

𝑆12 = 
𝑉1

−

𝑉2
+   . (2.8)   

 Stability 

Stability is a significant feature in RF amplifier circuit design because it reduces oscilla-

tions and enhances power dissipation via heat. Oscillations are caused primarily by the 

presence of feedback paths in circuits. Positive feedback systems produce higher am-

plitude levels, whereas negative feedback systems produce lower amplitude levels and 

eventually die off. An amplifier can oscillate at any frequency, although in most cases, 

stable performance at all frequencies is preferable. Stable functioning at stop band fre-

quencies is especially critical because oscillations in stop band frequencies might mix 

with pass band frequencies and fall close to the pass band, resulting in oscillations in the 

frequency of interest[8, p. 8]. 

Two-port network stability can be defined as unconditional stability and conditional sta-

bility. A network is unconditionally stable when the input and output reflection coeffi-

cients, denoted as 𝛤𝑖𝑛 and 𝛤𝑜𝑢𝑡, respectively, have magnitudes less than unity for any 

passive source and load impedances (i.e., |𝛤𝑆| < 1 and|𝛤𝐿| < 1 ) [7, p. 565]: 

|𝛤𝑖𝑛| =  |𝑆11 +
𝑆12𝑆21𝛤𝐿
1 − 𝑆22𝛤𝐿

| < 1, (2.9) 

|𝛤𝑜𝑢𝑡| =  |𝑆22 +
𝑆12𝑆21𝛤𝑆
1 − 𝑆11𝛤𝑆

| < 1, (2.10) 

A network is considered conditionally stable when the input and output reflection coeffi-

cients, 𝛤𝑖𝑛 and 𝛤𝑜𝑢𝑡 are less than unity only within a specific range of passive source and 

load impedances. This type of network is also called potentially unstable[7, p. 564]. 

2.2.1 Stability Circles 

For amplifiers with negligible reverse transmission (𝑆12 = 0)the conditions for uncondi-

tional stability simplify to |𝑆11| < 1 and |𝑆22| < 1. This means that the input and output 

reflection coefficients are less than 1, ensuring stability. However, when (𝑆12 ≠ 0), the 

stability of the amplifier depends on the specific load  𝛤𝐿 and source 𝛤𝑆  reflection coeffi-

cients. 

Here ∆ is used defined as the determinant of scattering matrix 
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∆ =  𝑆11𝑆22 − 𝑆12𝑆21, (2.11) 

Stability circles are geometric representations on the Smith chart that identify combina-

tions of 𝛤𝑆   and 𝛤𝐿 leading to stability or instability. The stability circle divides the Smith 

chart into two regions: Inside of the circle (either stable or unstable, depending on the 

parameters) and outside the circle (the opposite condition from the inside). 

The source stability circle can be derived by setting |𝛤𝑖𝑛| = 1, in equation (2.90) and ap-

plying regular algebraic manipulations reveal the defining equation of a circle for variable 

𝛤𝐿 .This signifies that the input reflection coefficient is equal to 1, indicating a crucial point 

of stability. The source stability circle’s center 𝐶𝑆 and 𝑅𝑆, are derived from the scattering 

parameters, 

𝐶𝑆 = 
(𝑆11 − ∆𝑆22

∗ )∗

|𝑆11|
2 − |∆|2

, (2.12) 

𝑅𝑆 = |
𝑆12𝑆21

|𝑆11|
2 − |∆|2

| , (2.13) 

Similarly, the load stability circle can be derived by |𝛤𝑜𝑢𝑡| = 1, this indicates that the out-

put reflection coefficient is equal to 1, representing a critical point of stability. This condi-

tion follows from equation (2.10) and helps define the load stability circle on the Smith 

chart. The load stability circle’s center 𝐶𝐿 and 𝑅𝐿, are derived from the scattering param-

eters, 

𝐶𝐿 = 
(𝑆22 − ∆𝑆11

∗ )∗

|𝑆22|
2 − |∆|2

, (2.14) 

𝑅𝐿 = |
𝑆12𝑆21

|𝑆22|
2 − |∆|2

| , (2.15) 

 

 

 

 

 

 

 

 

Figure 2. Stability circles of unconditional stability 
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Figure 2 represents a similar process that determines the input stability circle. An ampli-

fier is deemed unconditionally stable if the stability circles either entirely exclude or com-

pletely encompass the Smith chart. This requirement is mathematically described as un-

conditional stability is unattainable, and the amplifier can only achieve conditional stabil-

ity. In such cases, it is crucial to select operating points that lie within the stable regions 

and verify stability across the operational frequency range and under different bias con-

ditions. Sometimes, reducing gain through resistive loading can help achieve uncondi-

tional stability. 

2.2.2 Stability Factors 

Stability circles graphically determine regions of conditional stability for load and source 

impedances in amplifiers. For quicker unconditional stability assessment, the K- Δ test 

is employed where K is Rollet's stability factor and Δ is the determinant of the S-matrix. 

A device is unconditionally stable if it meets Rollet's condition, defined as[7, p. 567]: 

𝐾 = 
1 − |𝑆11|

2 − |𝑆22|
2 + |∆|2

2|𝑆12||𝑆21|
>  1, (2.14) 

and 

∆ =  𝑆11𝑆22 − 𝑆12𝑆21  <  1, (2.15) 

These conditions are essential for unconditional stability. Although this test provides a 

powerful mathematical condition for unconditional stability, its constraints on two different 

metrics prevent it from being used to compare the relative stability of two or more de-

vices. However, a new criterion has just been proposed [9] that incorporates the scatter-

ing parameters in a test counting only a single parameter, µ, which is described as 

µ =  
1 − |𝑆11|

2

|𝑆22 − ∆𝑆11
∗ | + |𝑆12𝑆21|

>  1. (2.16) 

Consequently, if µ > 1, the device is unconditionally stable. Moreover, it can be said that 

higher µ values correspond to better stability. 

 Design for Maximum Gain 

Figure 3 shows a two-port network connected to a generator and load involves four key 

power values: available power from the source  𝑃𝑎𝑣𝑠, input power to the network 𝑃𝑖𝑛, 

available power from the network 𝑃𝑎𝑣𝑛, and power delivered to the load 𝑃𝐿. 
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The expressions for the following power gain forms are [7, p. 559]. Power gain (𝐺𝑃) is 

the ratio of power disseminated in load to the input power. 

𝐺𝑃 = 
𝑃𝐿

𝑃𝑖𝑛
 (2.17) 

Available power gain (𝐺𝐴) is the ratio of power available from the network to the power 

available from the source. 

𝐺𝐴 = 
𝑃𝑎𝑣𝑛

𝑃𝑎𝑣𝑠
 (2.18) 

Transducer power gain (𝐺𝑇) refers to the ratio of delivered at the load and the available 

power at the source. 

𝐺𝑇 = 
𝑃𝐿

𝑃𝑎𝑣𝑠
 (2.19) 

A two-port network performs at its maximum transducer power gain (i.e., 𝐺𝑇  = 𝐺𝑚𝑎𝑥) 

when both of its ports are conjugate-matched[10, p. 6]. Meaning that  

𝛤𝑆 = 𝛤𝑖𝑛
∗ , (2.20) 

and 

𝛤𝐿 = 𝛤𝑜𝑢𝑡
∗ . (2.21) 

Simultaneous conjugate matching (with |𝛤𝑆| < 1 and|𝛤𝐿| < 1) is possible when 𝛤𝑆
∗ and 𝛤𝐿

∗ 

values that satisfy the conditions[5, p. 571,572]: 

𝛤𝑆
∗ = 𝛤𝑖𝑛 = 𝑆11 +

𝑆12𝑆21𝛤𝐿
1 − 𝑆22𝛤𝐿

, (2.22) 

𝛤𝐿
∗ = 𝛤𝑜𝑢𝑡 = 𝑆22 +

𝑆12𝑆21𝛤𝑆
1 − 𝑆11𝛤𝑆

, (2.23) 

Figure 3. Two-port power transmission diagram 
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𝛤𝑆 = 
𝐵1 ± √𝐵1

2 − 4|𝐶1|
2

2𝐶1
, (2.24)

 

𝛤𝑆 = 
𝐵2 ± √𝐵2

2 − 4|𝐶2|
2

2𝐶12
. (2.25)

 

Where 𝐵1, 𝐶1, 𝐵2, and 𝐶2 are related to each other through the following equations 

𝐵1 = 1 + |𝑆11|
2 − |𝑆22|

2 − |∆|2, (2.26a) 

𝐵2 = 1 + |𝑆22|
2 − |𝑆11|

2 − |∆|2, (2.26b) 

𝐶1 = 𝑆11 − ∆𝑆22
∗ , (2.26c) 

𝐶2 = 𝑆22 − ∆𝑆11
∗ . (2.26d) 

Derivation of these equations is shown in [8, p. 81]. The maximum gain can be attained 

when the source and load are conjugate matched only if the original two-port is uncon-

ditionally stable denoting that  𝐾 > 1 

𝐺𝑇𝑚𝑎𝑥
= 

|𝑆21|

|𝑆12|
 ( 𝐾 − √𝐾2 − 1) . (2.27) 

The maximum achievable gain with passive components, known as the maximum stable 

gain (𝐺𝑚𝑠𝑔), is determined by stabilizing the device to the point of peripheral stability  

(𝐾 = 1) through the addition of series resistance and given by 

𝐺𝑚𝑠𝑔 = 
|𝑆21|

|𝑆12|
. (2.28) 

Therefore, the maximum stable gain can be calculated in this simpler way so that the 

results can be compared with different devices. 

 Configuration of Bias Circuit 

A Bipolar Junction Transistor (BJT) amplifier is a device that uses a BJT to increase the 

amplitude of an input signal. It operates by utilizing the transistor's ability to control a 

large output current with a smaller input current. BJT amplifiers are categorized into three 

types based on their configuration: common emitter, common base, and common collec-

tor, each offering unique characteristics and applications in audio, radio, and other signal 

amplification scenarios.  
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There are primarily two types of biasing networks: passive and active. Passive biasing, 

utilizing a resistive network, is simpler but susceptible to transistor parameters and tem-

perature variations. To address these limitations, active biasing is employed. RF chokes 

are frequently replaced with quarter-wave transmission lines at higher frequencies. [11, 

p. 449]. 

 

 

 

 

 

 

 

  

  

 

Figure 4 shows the design of passive bias networks for a BJT in a common emitter con-

figuration. An inductor in a biasing network acts as a choke, providing high impedance 

to AC signals while allowing DC to pass. This characteristic is used to prevent AC from 

disturbing the biasing condition while maintaining a stable DC operating point. In the 

context of biasing, capacitors can block DC components while allowing AC signals to 

pass, which helps to isolate different parts of the circuit for AC and DC analysis.  

Capacitors and inductors play crucial roles in configuring DC bias in electronic circuits, 

particularly in amplifiers. Capacitors block DC while allowing AC signals to pass, enabling 

independent DC biasing across amplifier stages. Additionally, capacitors stabilize DC 

bias by filtering out noise and transients from the power supply, while their values deter-

mine the circuit's high-pass or low-pass characteristics. Inductors, on the other hand, 

isolate DC components and allow AC signals to pass, making them useful for tuning and 

impedance matching. They store energy in a magnetic field, smoothing current changes 

to help maintain a stable DC operating point. Inductors also function as chokes to prevent 

high-frequency AC signals from affecting DC bias integrity and assist in optimizing power 

transfer and minimizing reflections in amplifier stages[12]. 

Figure 4.  Biasing Network of BJT 
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 Non-linearity and Related Concepts 

Nonlinear devices produce output frequencies different from their input frequencies. 

Many common components, such as diodes and transistors, exhibit nonlinear behavior 

at higher power levels, generating unwanted frequency components. Even passive com-

ponents introduce noise at low signal levels. While these effects are detrimental in am-

plifiers and oscillators, they are essential for devices like mixers, modulators, and noise 

generators. A device's dynamic range represents the input power range where it oper-

ates linearly [5]. Only gain compression and intermodulation distortion are the primary 

topics of this paper. 

2.5.1 Third Order Intercept Point 

The third-order intercept point, or OIP3, is a theoretical point at which the fundamental 

signal's power level is equal to the power level of the third-order intermodulation prod-

ucts. The intercept point is not a physically occurring power level; rather, it is a completely 

mathematical term. Figure 5 below illustrates how the power input vs. power output 

graphs are created, showing how the various frequency components have varied slopes.  

 

 

 

 

 

 

 

 

 

 

 

Two curves are plotted: one represents the nonlinear product and the other the linearly 

amplified signal at an input tone frequency. Since the linear response curve is con-

structed using first-order components, its slope will be 1. Third-order distortions will result 

in a cubic response curve on the graph, which has a slope of 3. The two curves become 

Figure 5. Third Order Intercept Point 
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parallel to one another as the device approaches saturation and never cross again when 

it hits the 1 dB compression point[13]. 

As an illustration, suppose that a non-linear system is given the adjacent input signal 

frequencies, f1 and f2. The output spectrum will exhibit a range of frequencies, including 

the sum and difference of the fundamental frequencies, often referred to as second-order 

products (f1 + f2 and f1 - f2).  

Additionally, intermodulation products of the form mf1 ± nf2 will be present, where m and 

n are integers, and their sum (m + n) indicates the order of distortion. In RF system 

design, third-order intermodulation products (where m + n = 3) are particularly concern-

ing. These include frequencies like 2f1 - f2, 2f2 - f1, 3f1, and 3f2. The first two of these 

products are especially problematic because they appear near the fundamental frequen-

cies f1 and f2, as depicted in Figure 6 

 

 

 

 

 

 

 

 

 

 

 

The difference between the desired and unwanted signals' power level at the output port 

is generally expressed as IMD in decibels as 

𝐼𝑀𝐷(𝑑𝐵) =  𝑃𝑜𝑢𝑡(𝑓2)(𝑑𝐵𝑚) − 𝑃𝑜𝑢𝑡(2𝑓2 − 𝑓1)(𝑑𝐵𝑚), (2.29) 

OIP3 can be calculated from the following expression, 

𝑂𝐼𝑃3 =  𝑃𝑜𝑢𝑡(𝑓2) + 
1

2
 𝐼𝑀𝐷. (2.30) 

Figure 6. Intermodulation Products 
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2.5.2 1 dB Compression Point 

The power handling capability of an amplifier is indicated by the 1-dB compression point. 

It indicates the power level at which an amplifier's performance deviates by one decibel 

from linear behavior. There are two kinds of 1-dB compression points: input and output. 

While the latter denotes the maximum input power required to maintain linear functioning, 

the former represents the maximum output power within the 1 dB compression limit [14]. 

G1dB, or gain corresponding to the 1 dB compression point, is calculated using the for-

mula G1dB = G0 - 1dB, where G0 is the small-signal gain. Figure 7 shows a 1 dB com-

pression point.  

 

 

 

 

 

 

 

 

 

 
 

The output power at the 1 dB compression point, Pout,1dB, can be related to the input 

power, Pin,1dB through a specific equation as [11, p. 523] 

𝑃𝑜𝑢𝑡,1𝑑𝐵 (𝑑𝐵𝑚) =  𝐺1𝑑𝐵 (𝑑𝐵) + 𝑃𝑖𝑛,1𝑑𝐵 (𝑑𝐵𝑚) (2.31) 

𝑃𝑜𝑢𝑡,1𝑑𝐵 (𝑑𝐵𝑚) =  𝐺0 (𝑑𝐵) − 1 𝑑𝐵 + 𝑃𝑖𝑛,1𝑑𝐵 (𝑑𝐵𝑚) (2.32) 

 

Figure 7. 1dB Compression Point 
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3. BASIC PROPERTIES OF TRANSMISSION LINE 

DIVIDERS 

This section provides an overview of power dividers and directional couplers, essential 

components in RF and microwave systems for signal distribution. It includes various 

types of power dividers, including 3-port power dividers, resistive power dividers, and 

Wilkinson power dividers, highlighting their structures, and characteristics. Additionally, 

it includes a brief explanation of even and odd mode analysis. 

 Power Dividers and Directional Couplers 

Directional couplers and power dividers are passive microwave components that com-

bine or split power. An input signal is divided into two or more lower-power output signals 

in power division, whereas multiple input signals are combined into a single output in a 

power combiner. These components are essentially lossless and can contain three, four, 

or more ports. Directional couplers and hybrids are used in four-port networks, whereas 

T-junctions and other power dividers are found in three-port networks. 

In addition to producing asymmetrical ratios, power dividers can provide output signals 

that are in phase and have an equal power division ratio of 3 dB. A 90° or 180° phase 

shift between the output ports is typically used in hybrid junctions to give equal power 

division, however, directional couplers can be constructed for any desired power divi-

sion[7, p. 317]. 

 

 

 
 
 

 

 

 

Figure 8 illustrates the block diagram of a three-port network, featuring one input port 

and two output ports, which functions as both a power divider and a combiner. When 

operating as a power divider, it takes an input power, P1, and splits it into two output 

powers, P2 and P3, where α is a power division parameter defined as a number between 

Figure 8. Block Diagram of Power Divider and Power Combiner 
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0 and 1. Conversely, as a power combiner, it merges two input powers, P1 and P2, and 

delivers their combined power, P3 (where P3 = P1 + P2), at the output port. 

3.1.1 Three Port Power Divider 

A basic three-port lossless power divider with a T-junction transmission line has one 

input port and two output ports, as shown in Figure 9 

 

 

 

 
  

 
 
 
 
 
 
 
 

The scattering matrix for this divider will then have nine independent parameters, which 

are as follows. 

[𝑆] =  [

𝑆11 𝑆12 𝑆13

𝑆21 𝑆22 𝑆23

𝑆31 𝑆32 𝑆33

] (3.1) 

 

The simplified form of equation (3.1) is provided as follows, assuming that all three ports 

match the conventional characteristic impedance 𝑍0 of 50 Ω. 

[𝑆] =  [

0 𝑆12 𝑆13

𝑆21 0 𝑆23

𝑆31 𝑆32 0
] (3.2) 

To ensure that there is no loss of power at any of the three ports, the following conditions 

must be satisfied by equation (3.2) 

|𝑆12|
2 + |𝑆13|

2 = 1, (3.3) 

|𝑆12|
2 + |𝑆23|

2 = 1, (3.4) 

|𝑆13|
2 + |𝑆23|

2 = 1, (3.5) 

𝑆13
∗ 𝑆23 = 0, (3.6) 

𝑆23
∗ 𝑆13 = 0, (3.7) 

𝑆12
∗ 𝑆13 = 0. (3.8) 

Figure 9. Three Port Power Divider 
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It is evident from the above equations that a three-port network cannot be reciprocal, 

matched, and lossless at the same time. To have a working device, one of these require-

ments needs to be broken. For instance, a resistive power divider is a passive part that 

tolerates loss to keep matching and reciprocity at every port. Reactive power dividers, 

on the other hand, are passive components that guarantee matching at every port while 

reducing loss; nevertheless, they do not preserve reciprocity[7, p. 318]. 

If all the ports are terminated with impedance 𝑍0 then the input impedance can be seen 

at the junction is 

𝑍𝑖𝑛 = 
𝑍0

2

𝑍0 + 𝑍0
, (3.9) 

𝑍𝑖𝑛 = 
𝑍0

2
(3.10) 

The reflection coefficient at port 1 can be written as 

𝑆11 = 
𝑍𝑖𝑛 − 𝑍0

𝑍𝑖𝑛 + 𝑍0
=

𝑍0
2⁄ − 𝑍0

𝑍0
2⁄ + 𝑍0

= −
1

3
 (3.11) 

 

 

 

 

 

 

 

 

Figure 10 shows a three-port power divider with source voltage. When the amplitude of 

the incident wave at port 1 is 𝑉1
+, the junction voltage 𝑉0 from port 1  

𝑉0 = 𝑉1
+(1 + 𝑆11) =  

2

3
𝑉1

+ (3.12) 

In this configuration, ports 2 and 3 are connected in parallel at a junction, resulting in the 

same voltage at both ports. Because Ports 2 and 3 are matched, the amplitudes of the 

waves reflected from these ports are equal to the junction voltage. 

𝑆21 = 
𝑉2

−

𝑉1
+ =

2

3
 (3.13) 

Figure 10. Three Port with Source Voltage 
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This structure is symmetrical meaning that 𝑆12 = 𝑆21,𝑆13 = 𝑆31 and 𝑆23 = 𝑆32. 

𝑆 =  

[
 
 
 
 
 −

1

3

2

3

2

3
2

3
−

1

3

2

3
2

3

2

3
−

1

3]
 
 
 
 
 

(3.14) 

The lossless T-junction divides power equally from any port to the other two ports but 

they are not perfectly matched. Also, the outputs are not isolated i.e., 𝑆23 ≠ 0 and 𝑆32 ≠

0. 

3.1.2 Resistive Power Divider 

Considering a three-port divider that includes lossy components, can be configured to 

achieve matching at all ports, though the two output ports might not be isolated from 

each other. Figure 11 demonstrates a divider that is built using lumped component re-

sistors and this provides an equal power split (-3 dB). 

Let us assume that all ports are terminated with characteristic impedance Z0, then input 

impedance Zin can be found.  

 

  

 

 

 

 

 

 

 

𝑍𝑖𝑛 =
𝑍0

3
+ (

𝑍0

3
+ 𝑍0) ‖ (

𝑍0

3
+ 𝑍0) (3.15) 

𝑍𝑖𝑛 =
𝑍0

3
+

1

2
(
𝑍0

3
+ 𝑍0) (3.17) 

𝑍𝑖𝑛 =
𝑍0

3
+

1

2
(
4𝑍0

3
) (3.18) 

𝑍𝑖𝑛 = 𝑍0 (3.19) 

Figure 11. Resistive Power Divider 
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As the structure is completely symmetric 𝑍𝑖𝑛1 = 𝑍𝑖𝑛2 = 𝑍𝑖𝑛3 = 𝑍0 meaning that 𝑆11 =

𝑆22 = 𝑆33 = 0. If we consider that 𝑉1 is the voltage at port 1 then the voltage 𝑉0 at node 

B can be obtained by 

𝑉0 = 𝑉1 (
2

𝑍0
3⁄

𝑍0
3⁄ + 2

𝑍0
3⁄
) = 

2

3
𝑉1 (3.20) 

The voltages at nodes C and D are identical and can be expressed as 

𝑉2 = 𝑉3 = 𝑉0 (
𝑍0

𝑍0 +
𝑍0

3⁄
) =

3

4
𝑉0 = 

1

2
𝑉1 (3.21) 

𝑆 =  

(

 
 

0
1

2

1

2
1

2
0

1

2
1

2

1

2
0
)

 
 

 (3.22)

Therefore, 𝑆21 = 𝑆31 = 𝑆23 = 1
2⁄ , and from equation (3.21) it is observed that the resis-

tive power divider evenly distributes power from any port to the other two, but it does 

experience losses. 

3.1.3 The Wilkinson Power Divider 

A Wilkinson power divider is a divider that evenly distributes an input signal into two 

isolated outputs without signal loss. It achieves this by matching impedances at all ports, 

preventing signal reflections. While traditionally employing a fixed resistor, its design can 

be modified for unequal power division, making it a versatile component in radio fre-

quency applications. Microstrip line or stripline form is frequently used for this divider.  

 

 

 

 

 

 

 

Figure 12 illustrates a Wilkinson power divider, a passive microwave component that 

evenly splits an input signal into two output signals while ensuring isolation between 

Figure 12. Wilkinson Power Divider 
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them. By normalizing the impedances and redrawing the circuit, we can simplify its anal-

ysis. The two source resistors combine in parallel to form a single resistor, representing 

a matched source. The quarter-wave transmission lines have a characteristic impedance 

of √2Z0, and the shunt resistor has a value of 2Z0. These specific values are essential 

for achieving equal power division and isolation in the Wilkinson power divider[7, p. 328]. 

 

 

 

 

 

 

 

 

 

Figure 13 shows a symmetric form of the Wilkinson power divider. The even and odd 

mode techniques can be used whenever appropriate symmetry exists. The actual volt-

ages will result from combining the voltages of the even and odd modes. 

 

 

 

 

 

 

 

 

Figure 14 represents the even mode excitation of the Wilkinson power divider circuit. 

From this circuit input impedance can be calculated by, 

𝑍𝑖𝑛
𝑒 = 

𝑍2

2
 (3.23)

This circuit incorporates quarter-wave transmission lines with a characteristic impedance 

of √2Z. In the even mode, port 2 will be matched meaning that  𝑉2
𝑒 = 𝑉3

𝑒[7, p. 330] 

Figure 13. Wilkinson Power Divider in Symmetric Form 

Figure 14. Even Mode Analysis of Wilkinson Power Divider 
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𝑉2
𝑒 =

𝑍𝑖𝑛
𝑒

𝑍 + 𝑍𝑖𝑛
𝑒

𝑉𝑠
2

=
𝑉𝑠
4

  (3.24) 

As a result, the voltage at port 2 𝑉2
𝑒 will be equal to the input voltage 𝑉0, as 𝑍𝑖𝑛

𝑒 = 1. For 

calculating 𝑉1
𝑒, 𝑥 is considered zero at port 1, and 𝑥 =  − 𝜆 4⁄  at port 2, 

𝑉(𝑥) =  𝑉+(𝑒−𝑗𝛽𝑥 + 𝛤 𝑒𝑗𝛽𝑥) (3.25) 

𝑉2
𝑒 = 𝑉(−𝜆 4)⁄ = 𝑗𝑉+(1 −  𝛤) = 𝑉0 (3.26) 

𝑉1
𝑒 = 𝑉(0) = 𝑉+(1 +  𝛤) = 𝑗𝑉0

 𝛤 + 1

 𝛤 − 1
(3.27) 

So reflection coefficient at 𝑥 =  0 

𝛤 =  
2 − √2

2 + √2
 (3.28) 

And,

𝑉1
𝑒 = 

−𝑗𝑉𝑠

2√2
 (3.29) 

In the odd mode, the voltage generators at ports 2 and 3 have equal magnitudes but 

opposite polarities(𝑉2
𝑜 = −𝑉3

𝑜) and in the middle of the circuit there is a point of zero 

voltage (𝑉1
𝑜 = 0). This circuit can effectively be divided into two separate networks. 

 

 

 

 

 

 

 

 

Figure 15 shows an odd mode analysis of the Wilkinson power divider. By setting 𝑅 =

2𝑍0  input impedance from port 2 can be calculated as 

𝑍𝑖𝑛,𝑝2
𝑜 =

𝑅

2
=

2𝑍0

2
= 𝑍0 (3.30) 

From voltage division, 

𝑉2
𝑜 = 

𝑍𝑖𝑛,𝑝2
𝑜

𝑍0 + 𝑍𝑖𝑛,𝑝2
𝑜

𝑉𝑠
2

=
𝑉𝑠
4

 (3.31) 

Figure 15. Odd Mode Analysis of Wilkinson Power Divider 
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In summary, the scattering parameters for the Wilkinson divider can be defined as fol-

lows: 

𝑆11 = 0 (3.32) 

𝑆22 = 𝑆33 = 0 (3.33) 

𝑆12 = 𝑆21 = −𝑗 √2⁄  (3.34) 

𝑆13 = 𝑆31 = −𝑗 √2⁄  (3.34) 

𝑆23 = 𝑆32 = 0 (3.35) 

One of the key advantages of the Wilkinson Power Divider is its ability to satisfy the 

conditions of being matched, reciprocal, and isolating the output ports. This is achieved 

by adding a resistor between the two output ports, which dissipates any noise or un-

wanted signals, preventing crosstalk between the channels[15]. 

I conducted a survey of various power divider technologies used in research, highlighting 

their operating frequencies and performance characteristics.  

 

 

Model / Technology Operating 
Frequency 

Return 
Loss 

Reference  

50PD-292 SMA 2.45 GHz 17 dB [16] 

NR-CRLH-TL 3 Way SMA 0.915 – 2.44 GHz 15.84 dB [17] 

Single Layer Dual Band 
Wilkinson 

1.1 - 2.2 GHz 25 dB [18] 

3-Ports TEM-mode Power 
Divider 

0.9 – 1.9 GHz 20 dB [19] 

Wilkinson Power Divider in 
Microstrip Technology 

2 – 28 GHz 13 dB [20] 

3-Way Power Divider (3PD) 0.94 – 2.24 GHz > 15 dB [21] 

  

Table 3.1   Survey of 3-way Power Divider 
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The survey covers different types, such as SMA-based power dividers, Wil-

kinson designs, and other multi-port configurations, representing their adapta-

bility for a range of frequency bands and return loss requirements. 
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4. SIMULATION-BASED DESIGN PROCEDURE 

The design process for the high-gain 2.45 GHz RF amplifier and a 3-way transmission 

line power divider includes defining the specifications, choosing the appropriate compo-

nents, and creating and simulating the circuit. It also involves optimizing the design to 

enhance performance. The biasing network is crucial for maintaining the proper opera-

tion of the transistor, while the power divider ensures the effective distribution of the 

amplified signal. Adhering to this procedure guarantees that the design fulfills all perfor-

mance requirements and is suitable for practical use. The design involves the use of 

Advanced Design System (ADS) [22] for the optimization of circuit parameters. 

 RF Amplifier Design 

This scheme is focused on designing an RF amplifier circuit using the Infineon BFQ790 

transistor. The goal was to achieve optimal impedance matching and transducer gain 

within the 2.45 GHz band while ensuring unconditional stability over a wide frequency 

range. To accomplish this, the design incorporated impedance-matching circuits, DC 

blocks, and RF blocks. Real components were used to replace ideal elements, and the 

overall aim was to maximize gain within the specified band while maintaining stability. 

4.1.1 Biasing Network 

The configuration of the biasing network is discussed shortly in Chapter 2, Section 2.5. 

Referring to Figure 16, the specific resistor values for the biasing network can be deter-

mined through careful analysis of the equations and circuit layout provided in [10, p. 449]. 

This process involves applying the principles of transistor biasing and understanding the 

voltage and current relationships within the network. Additionally, the BFQ790 transis-

tor's operating characteristics, as outlined in its datasheet [4], are crucial for ensuring 

proper biasing. The datasheet provides key parameters such as the base-emitter voltage 

(𝑉𝐵𝐸), collector current (𝐼𝐶), and gain (β), which are integral to calculating the appropriate 

resistor values for achieving the desired stability, operating point, and performance of 

the amplifier. By combining theoretical analysis with real-world specifications from the 

datasheet, precise resistor values can be determined to optimize the biasing network for 

the given circuit.  A MATLAB script is included in appendix A1 for calculating the resistor 

values. 
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4.1.2 Circuit Modifications 

In high-frequency amplifier designs, RF Chokes are often replaced by quarter-wave 

transmission lines[11, p. 449]. Figure 17 illustrates the functions used in the simulator. 

Here, the S-Parameter tool is used to perform the calculation of frequency-dependent 

simulations for gain, input/output return loss, and other key characteristics. The DC 

source supplies the necessary bias voltage to the transistor, ensuring proper operation. 

MSub defines the physical substrate properties for the microstrip lines, crucial for accu-

rate impedance matching. The Infineon RF library is utilized for specific transistor and 

component models. Mu calculates the stability factor, while MaxGain computes the max-

imum gain. Additionally, SmZ1 and SmZ2 are added to analyze the input and output 

impedances, aiding in matching and minimizing reflections.  

 

 

 

 

 

Figure 16. Biasing Network 
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Figure 18 below shows medium power RF amplifier design in ADS. In the simulation, the 

height of the dielectric substrate has been specified as FR4 thickness of 0.8 mm, thick-

ness is 35 µm and the relative permittivity of the substrate material is 4.5[23]. The emitter 

grounding has been implemented using two of 1.3 mm via-grounding. After that, the RF 

choke is replaced with an s2p file of 18nH inductor[24] to improve the circuit’s stability 

and reduce unwanted resonance effects. 

In the first step of designing the matching network, important input parameters are de-

fined. These include the matched source impedance and load impedance, both real val-

ues within the range of 10 to 100 ohms. Constraints for the transmission line are also 

set, where the width should be between 1 mm and 5 mm, and the length should be less 

than 8 mm.  

Next, the tuner in the Advanced Design System (ADS) is used to fine-tune the values of 

the bias network resistor. The widths of the microstrip lines are adjusted carefully be-

cause they significantly impact how well the source and load impedances are matched, 

the overall gain, and the reflection coefficients (S11 and S22). The reflection coefficient 

S11, which shows how much power is reflected from the input, is especially sensitive to 

the width of the microstrip line near the input terminal. By adjusting this width, reflection 

is minimized, improving impedance matching and ensuring better power transfer. 

Figure 17. Functions used in ADS 
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To further improve performance, especially for S11 and the forward transmission coeffi-

cient S21 (which measures how efficiently power is transmitted through the system), the 

DC blocking capacitors are replaced with an SRLC network, including a 1 pF capacitor. 

This change enhances both S11 and S21 by providing a better frequency response and 

improving impedance matching over a wider range of frequencies. 

The SRLC network with the 1 pF capacitor improves input matching (S11) and signal 

transmission (S21) by filtering out high-frequency noise and ensuring smoother signal 

flow. It also prevents DC from interfering with the RF signal path while allowing the AC 

signal to pass through. Tuning the bias network, adjusting the microstrip dimensions, 

and fine-tuning the blocking capacitors leads to better overall performance, reducing re-

flection losses, increasing gain, and ensuring efficient power transmission through the 

system. 

Figure 18. Medium Power RF Amplifier Design in ADS 
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4.1.3 Output of Simulated Amplifier 

The stability measurement equation "Mu" is used to calculate the μ factor in the sche-

matic above in Figure 18. The result is shown in Figure 19. As discussed in Section 2.2, 

the value of µ is critical in assessing the amplifier’s stability. The values greater than one 

denote unconditional stability and the values less than one indicate potential instability 

[25]. As seen from the simulated results, the designed amplifier is unconditionally stable 

for the whole studied frequency range from 50 MHz to 10 GHz. 

 

 

  

 

 

 

 

 

The graph in Figure 20 illustrates the gain response of an amplifier, highlighting how it 

amplifies signals across various frequencies. The amplifier achieves its maximum gain 

of 12.7 dB at 2.45 GHz, which is its operating frequency. Around this frequency, the gain 

response remains stable, peaking around (12.2 dB), suggesting consistent amplification 

for signals within this range. 

 

 

 

 

 

 

 

 

 

The impedance values in Figure 21, for SmZ1 (43.4 – j31.1Ω) and SmZ2 (39 - j21.6 Ω) 

reflect an optimal balance between gain and stability, despite some mismatch from the 

Figure 19. Stability Factor of Amplifier 

Figure 20. Maximum Gain Observed 
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ideal 50Ω. Further tuning worsens the gain, so the focus is on maintaining high perfor-

mance, with a gain of around 12 dB and ensuring stability (µ > 1) across the operating 

frequency of 2.45 GHz. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22 displays the port matching of a circuit, reflecting how well the circuit aligns with 

its source and load impedances. The low S11 and S22 values (-11.8 dB and -18.3 dB, 

respectively) demonstrate excellent matching, indicating that most of the power is effi-

ciently transmitted into and out of the circuit with minimal reflections.  

Figure 21.  Real and Imaginary Values of SmZ1 and SmZ2 

Figure 22. Reflection Coefficient S(1,1) and S(2,2) 
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 Design of Power Divider 

In this section, the process of designing and optimizing a three-way power divider circuit 

using the Advanced Design System (ADS) at 2.45 GHz is described. The steps include 

defining the initial design, designing transmission lines, configuring the S-parameter sim-

ulation, defining optimization goals, running simulations and optimization, and analyzing 

the results. The idea of this power divider circuit originates from [27], where the equal 

power division ratio with -90° phase shift is claimed, but without details of how the circuit 

performs or how the various line section's characteristic impedance should be optimized 

for best port matching and output port isolation. 

4.2.1 Initial Power Divider 

In this simulation a power divider is designed using Advanced Design System (ADS) with 

a symmetrical network of mirrored transmission lines of 90-degree electrical length and 

symmetrical branches, facilitating equal power splitting and phase distribution to the out-

put ports which operates at 2.45 GHz. Initially, the characteristic impedances (Z1, Z2, 

Z3, and Z4) are undefined. By using the "VAR" variable tool and the "Optim" [26, p. 

67]optimization tool in ADS, the characteristic impedance values are optimized to Z1 = 

85 ohm, Z2 = 85 ohm, Z3 = 66 ohm, and Z4 = 85 ohm. Following this, several goals are 

set with the optimizer for reflection coefficient, transmission, and isolation as shown in 

Figure 23. The goal is to split the input signal at Port 1 into three outputs (Ports 2, 4, and 

6) with a 90-degree phase shift between the input and output signals.  

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 Figure 23. Design of Initial Power Divider 
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4.2.2 Circuit Modifications 

The LineCalc utility in ADS can be used to efficiently design microstrip dividers on FR4 

substrate. By inputting the desired impedance, dielectric constant, and substrate thick-

ness, the utility calculates the required line width. The line length can then be determined 

based on the frequency and phase shift [22]. This tool is valuable for ensuring accurate 

and efficient microstrip divider design.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Following that further modification has been made by using ‘LineClac’, the ideal trans-

mission lines with characteristic impedances are converted into microstip lines as shown 

in Figure 24. The dielectric substrate has h= 0.8 mm, T= 35 µm, and a relative permittivity 

of 4.5. Additionally, a microstip line of 50 ohm line widths is inserted into all six terminals. 

Moreover, ‘MTEE’ and ‘MCROS’ are added to manage signal distribution and routing 

within the circuit. The ‘MTEE’ component represents a T-shaped junction, allowing for 

effective signal splitting or combining at the intersection of three transmission lines. The 

‘MCROS’ simulates the intersection of multiple transmission lines, allowing for more pre-

Figure 24. Schematics of the Power Divider 
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cise routing and less interference between crossing lines. After that, ‘MCORN’ (90-de-

gree microstrip bend) and ‘MSTEP’ are used to model corner and step discontinuities in 

microstrip lines, respectively. These are distributed components in ADS, more details 

are explained about them in  [28] and [29]. 

4.2.3 Output of Power Divider 

The reflection coefficients at different ports are displayed in Figure 25 which helps deter-

mine how well-matched the ports are to their characteristic impedance. Ideally, minimal 

reflections are expected at each port. At 2.45 GHz, the matching at the ports is as follows 

S(1,1)=−32.5 dB, S(2,2)=−22 dB, S(4,4)=−15.4 dB, S(6,6)=−22 dB 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25. Port Matching 

Figure 26. Isolation between Output Ports 
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Figure 26 illustrates the level of isolation between the output ports (over the frequency 

range. At the operational frequency of 2.45 GHz, the isolation values between the ports 

are S (4, 2) = −22 dB, S (6, 2) = −15 dB, and S (6, 4) = −22 dB respectively. These values 

indicate that there is good isolation, between Ports 2, 4, and 6. Moreover, as seen from 

Figure 27, the input signal is divided nearly equally between the output Ports 2, 4, and 

6, with less than 0.1 dB variation across the outputs. 

 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

In Figure 28, the phase difference between the output signals at ports 2, 4, and 6 and 

the input signal at port 1 was shown throughout a frequency range of 0 to 4 GHz. The 

design goal was to accomplish an equal phase shift at the operational frequency of 

Figure 27. Output Power Division 

Figure 28. Output Signal's Phase Relative to It’s Input 
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2.45GHz. Regarding to this, the S(2,1), S(4,1), and S(6,1) have phase shifts of -129.1°, 

-132.5°, and -129.1°, respectively which are almost similar. 

 

 Cascaded Circuit Design 

After analyzing the circuits individually, the RF amplifier and power divider were com-

bined to evaluate their overall performance. This combined analysis ensures the system 

is functioning as expected, specifically checking two key aspects: proper gain from the 

amplifier and equal power distribution from the divider. The amplifier should boost the 

signal strength appropriately, while the power divider must ensure the signal is evenly 

split across all outputs. This final test confirms that the integrated system delivers both 

the necessary amplification and uniform power division.  

The amplifier’s output was connected to the input port of the power divider using a 50-

ohm transmission line, the extra terminals were removed, and the port numbering of the 

divider was verified to match the previous configuration, with the key difference being 

that Port 1 now represents the amplifier's RF input port and the simulations were per-

formed in ADS with the schematic shown in Figure A.1 in Appendix A. 

4.3.1 Simulation Result 

After the modification, the simulation results were analyzed. As shown in Figure 29, the 

power divider maintains similar properties to its standalone configuration, but with the 

added benefit of gain from Port 1 (now the amplifier's RF input port) to Ports 2, 4, and 6. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 29.  Simulation Result of Cascaded Circuit 
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Upon analysis of the cascaded circuit simulation results, positive decibel values were 

observed, as S (2, 1) = 7.1 dB, S (4, 1) = 7.2 dB, S (6, 1) = 7.1 dB. These positive values 

confirm that gain is indeed present in the system, as anticipated. The observed gain of 

around 7 dB at each output port aligns with the expected performance: the amplifier's 

gain (approximately 12 dB) minus the power division ratio (about 5 dB). 

These results demonstrate that the circuit modification was successful, combining the 

amplification stage with the power division stage while maintaining the desired charac-

teristics of both components. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The simulated phase values in Figure 30, for S(2,1), S(4,1), and S(6,1) at 2.45 GHz are 

all quite close to each other, with S(2,1) and S(6,1) both having identical at around 5.26 

degrees and S(4,1) maintaining similar values at 1.94 degrees. This demonstrates that 

the system maintains nearly equal phase characteristics across these parameters, en-

suring uniform signal performance. 

Figure 30.  Simulated Phase Value for Cascaded Circuit 
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5. MEASUREMENT AND DATA ANALYSIS 

In this chapter, the implementation of amplifier circuits, power divider circuits, and their 

combined setups is covered. The chapter begins with the layout and fabrication of the 

circuits, with important considerations explained during this stage. Measurement proce-

dures for evaluating the performance of these circuits are described, including the tools 

and techniques used for data collection. Additionally, a comparison of the results from 

simulations and actual measurements is presented. 

 Implementation of Amplifier Circuit 

The amplifier was implemented by designing the layout, producing the board, and sol-

dering components. After assembling, the amplifier was powered on and its perfor-

mance, including gain and stability, was measured to confirm it fulfilled the needed re-

quirements. A detailed procedure is explained in later sections. 

5.1.1 Layout and Fabrication 

Figure 31 shows the layout and manufactured version of the amplifier circuit. To fabricate 

the circuit, a layout was first designed in ADS, ensuring that sufficient space was allo-

cated for all components. This layout was then exported as a GERBER file, which was 

subsequently converted into a PDF for printing onto a transparent sheet.  

 

  

 

 

 

 

 

 

 

 
Figure 31.  The Layout of Amplifier Circuit and Manufactured Amplifier Circuit 
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The printed layout is transferred onto a FR4 board (mentioned in section 4.1.2) using a 

laser printing process. Once the layout is printed on the board, the surface undergoes 

etching. Sodium hydroxide (NaOH) is applied to strip the protective surface of the board. 

Following this, the board is submerged in a chemical solution consisting of 30 ml of hy-

drochloric acid (HCl), 30 ml of hydrogen peroxide (H2O2), and water to complete the 

etching process, revealing the circuit pattern.  

After the etching process, 1.6 mm holes are drilled for via grounding and connecting the 

SMA connectors. Following this, the assembly process begins, where 1 pF 0603 R14S. 

Series capacitors from [22], 0603DC 18 nH inductors from [23], and a BFQ790 transistor 

are soldered onto the board. In addition, four bias resistors with values of 18 ohms, 220 

ohms, 270 ohms, and 2200 ohms were soldered to finalize the circuit.  

5.1.2 Measurement Procedure 

First, a 9V DC power supply was connected to the amplifier to set the DC bias point. The 

bias point of 𝑉𝐶𝐸 = 4.5 V  and 𝐼𝐶 = 250 mA was selected based on the amplifier’s 

datasheet, ensuring that the device operates within its optimal linear region for amplifi-

cation, minimizing distortion and maintaining stability during high-frequency operation. 

The measurement process of an amplifier using a Vector Network Analyser (VNA) in-

volves evaluating parameters such as gain, return loss, and stability across the relevant 

frequency range. The frequency range was then configured to cover the amplifier’s op-

erating bandwidth. Here, the amplifier operates from 50 MHz to 10 GHz, the VNA was 

set with a start frequency of 50 MHz, a stop frequency of 10 GHz, and a step of 5 MHz.  

Calibration of the VNA was performed using E- cal for two-port calibration. Once cali-

brated, the input port of the amplifier was connected to Port 1 of the VNA, and the output 

port was connected to Port 2. Next, the measurement parameters were set on the VNA 

to measure the S-parameters. These include gain S (2, 1), input reflection coefficient S 

(1, 1), output reflection coefficient S (2, 2), and stability factor µ.  

5.1.3 Comparison of Simulation and Measured Data 

While looking at the amplifier's gain in Figure 32, the gain response S (2, 1) for the sim-

ulated data indicates a gain of 12.2 dB at 2.45 GHz, and the measured data shows an 

acceptable gain of 8.1 dB at the same frequency meaning that the amplifier has per-

formed well. The close agreement between the simulated and measured results shows 

that the model effectively predicts real-world performance, with minor variations likely 

due to typical factors such as measurement conditions or component tolerances. This 

indicates that the simulation model is reliable.  
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In Figure 33, the comparison of simulated S (1, 1), S (2, 2), and measured S (1, 1), S (2, 

2), is illustrated. In the simulation, an input reflection coefficient of -18.29 dB at 2.45 GHz 

was indicated, suggesting excellent input matching. However, in the measured data, a 

reflection coefficient of -6.76 dB was observed, indicating a less optimal match. This 

variation between the simulation and measured results could be due to factors such as 

parasitic, fabrication imperfections, or differences in the measurement environment. 

Figure 32.  Comparison of Simulated and Measured Gain 

Figure 33.  Comparison of Simulated and Measured Reflection Coefficients 
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In the simulation, an output reflection coefficient of -11.79 dB at 2.45 GHz was predicted. 

Interestingly, a significantly better output reflection coefficient of -38.27 dB was recorded 

in the measured data at the same frequency. This suggests that the actual output match-

ing in the measurement was more favorable than what had been predicted by the simu-

lation. The comparison of simulation and measurement results of the amplifier is given 

in Table 4.1 

   Table 4.1  Comparison of Simulation and Measurement Data 

Parameter Simulation Measurement Unit 

Gain 12  8 dB 

S11 -18 -7 dB 

S22 -12 -38 dB 

Stability 
Unconditionally 
stable 

Unconditionally 
stable 

 

 

 Implementation of Power Divider Circuit 

In this section, the implementation of a power divider is described in detail, including the 

process of designing the layout, exporting it, and converting it into a physical circuit 

board. The measurement procedures used to evaluate the performance of the power 

divider are explained, along with the tools and techniques applied during the process. 

Finally, the analysis of the data is presented, comparing the simulated results with the 

measured data to assess accuracy and performance. 

5.2.1 Layout and Fabrication 

The fabrication three-way power divider on an FR4 substrate begins with designing the 

layout as shown in Figure 34, followed by exporting the design as a GERBER file for 

manufacturing.  

 

 

 

 

 

 Figure 34.  Layout of Power Divider 
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The layout is transferred onto the FR4 board through a photolithography or laser printing 

process, after which the board undergoes etching to form the conductive paths. After 

etching, six 1.6 mm holes are drilled at specific points: one for the input port, three for 

the output ports, and two for the inactive ports. These holes are used for via grounding 

and to mount SMA connectors. Once the drilling is complete, SMA connectors are sol-

dered to the input, output, and inactive ports to ensure proper RF connectivity.  

 

 

 

 

 
 
 
 
 
 
 
 
 
 

In Figure 35 a fabricated power divider is shown. Following assembly, the divider is 

tested to verify that the input signal is properly split across the three output ports while 

maintaining the desired performance across the specified frequency range. 

5.2.2 Measurement Procedure 

The measurement process of the three-way power divider was performed using a VNA. 

The VNA was configured to operate over a frequency range from 100 MHz to 4 GHz. A 

two-port electronic calibration (E-Cal) was performed prior to the measurement to ensure 

accuracy.  

The output power division was measured at every frequency between 100 MHz and 4 

GHz. To maintain accuracy, when measuring power at one output port, the other output 

ports were connected to 50-ohm terminators. During this measurement, the phases at 

ports 2, 4, and 6 were measured with respect to the input signal at port 1. 

To determine the isolation between the output ports, port 1 was connected to one output 

port, and port 2 was connected to another output port while the others were connected 

to 50-ohm terminators. The isolation between output ports were measured as S (2, 4), S 

(4, 2), S (2, 6), S (6, 2), S (4, 6) and S (6, 4) respectively. 

Figure 35.  Manufactured Power Divider 
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Reflection coefficients were calculated for each port to calculate the port matching. Each 

port was connected to a signal source, and the remaining ports were terminated with 50-

ohm loads. The reflection coefficients S (1, 1) for Port 1, S (2, 2) for Port 2, S (4, 4) for 

Port 4, and S (6, 6) for Port 6 were then calculated. 

5.2.3 Comparison of Simulation and Measured Data 

Figure 36 shows that the overall patterns of the curves from both simulation and meas-

urement are similar, demonstrating a consistent frequency response across the ports.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The simulation results highlight exceptional power distribution across the ports, with 5.19 

dB at both Port 2 and Port 6 and 5.1 dB at Port 4. This demonstrates nearly perfect power 

division, showcasing the system’s ability to achieve balanced output with less than 0.1 

dB variation between the ports. Such precise power distribution confirms the effective-

ness of the design, ensuring optimal performance. 

 

Furthermore, the measured data further supports the success of the design, showing 

output power levels of 5.3 dB at Ports 2 and 6, and 5.0 dB at Port 4. These values closely 

match the simulated results, emphasizing the consistency of the system's real-world per-

formance with its simulated behavior. The consistency of simulation and measurement 

contributes to the system's stability and accuracy, making it perfect for applications that 

demand balanced power splitting. 

 

Overall, both the simulated and measured results reflect the excellent performance of 

the power divider, achieving uniform and consistent power distribution across the ports, 

making it a highly efficient and effective design for practical applications. 

Figure 36. Comparison of Simulated and Measured Output Power Division 
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The simulation results in Figure 37 for the phase difference at S (2, 1), S (4, 1), and S 

(6, 1) are (-129), (-132), and (-129) degrees, respectively and phase for measured data 

at S (2, 1), S (4, 1), and S (6, 1) are (173), (168), (168) degrees respectively. As seen 

from Figure 37, the absolute difference between the simulated and measured values is 

explained by the phase reversal, which occurred at a slightly lower frequency in the 

measurement compared to what was predicted by the simulation. However, more im-

portantly, the power divider exhibited similar values for output signals phase difference 

relative to input in both simulation and measurement with the measured phase uniformity 

of around 5°. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 38. Comparison of Simulated and Measured Port Matching 

Figure 37. Comparison of Phase in both Simulation and Measurement 
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Figure 38 shows the comparison of port matching from simulated and measured data. In 

both simulations and measurements, the curves for S (1, 1), S (2, 2), and S (6, 6) exhibit 

similar patterns, though their values differ. The left graph illustrates simulated and meas-

ured results for output ports 4 and 6, where port 6 exhibits a reflection coefficient of -22 

dB in simulation and -15 dB for measurement, and port 4 has a simulated reflection of -

15 dB, with the measured reflection at 20 dB, suggesting a satisfactory level of alignment. 

The right graph presents data for input port 1 and output port 2. Port 1 demonstrates 

very effective matching, with a simulated reflection coefficient of - 32 dB, while the meas-

ured value is -19 dB, showing a similar trend. Port 2 has a simulated reflection of -22 dB, 

with measured data at -16 dB, indicating a harmonious match. Overall, the plots reveal 

good alignment between simulated and measured data across the ports. 

 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

From Figure 39 it can be observed that in every instance S(2,6), S(6,2), S(2,4), S(4,2), 

S(4,6), and S(6,4) both the simulations and measurements produce comparable values 

and demonstrate similar graphical patterns, indicating a high level of consistency be-

tween the simulated and measured data. This suggests that the output ports' isolation 

performance is consistent and reliable in both the theoretical model and the actual im-

plementation. 

 Implementation of Cascaded Circuit 

In this section, the implementation of a cascaded circuit is described in detail, including 

the procedure of combining an amplifier with a 3-way power divider, scheming the layout, 

exporting it, and converting it into a physical circuit board. The measurement procedures 

used to evaluate the performance of the cascaded circuit. Finally, the data is analyzed 

Figure 39. Comparison of Isolation between Output Ports 
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by comparing the simulated and measured results to evaluate accuracy and perfor-

mance. 

5.3.1 Layout and Fabrication 

After separately analyzing the RF amplifier and power divider, the next step was to phys-

ically link these components for manufacture. The amplifier and power divider are incor-

porated into a single board, ensuring secure and appropriate connections between their 

ports. As mentioned in section 4.3 a layout was generated and exported from cascaded 

circuit simulation. Figure 40 shows a layout and a manufactured version of the cascaded 

circuit. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

5.3.2 Measurement Procedure 

The measurement of an amplifier integrated with a 3-way Wilkinson power divider was 

carried out using a VNA. The VNA was configured to operate over a frequency range 

from 100 MHz to 4 GHz. A two-port electronic calibration (E-Cal) was conducted to en-

sure accuracy and minimize systematic errors in the setup. 

In the measurement setup, the amplifier’s output was connected to the input of the 3-

way Wilkinson power divider using a 50-ohm transmission line. The amplifier’s input was 

connected to port 1 of the VNA, while the output ports of the power divider (ports 2, 4, 

and 6) were measured sequentially, each connected one by one to the VNA.  

To ensure proper impedance matching and prevent signal reflections during the meas-

urement, all unused ports were terminated with 50-ohm terminators. This allowed for an 

Figure 40. Layout and Manufactured Version of Cascaded Circuit 
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accurate representation of the true performance of both the amplifier and the power di-

vider, unaffected by impedance mismatches or reflections that could otherwise compro-

mise the measurement quality. 

To determine the isolation between the output ports, port 1 was connected to one output 

port, and port 2 was connected to another output port while the others were connected 

to 50-ohm terminators. The isolation between output ports were measured as S (2, 4), S 

(4, 2), S (2, 6), S (6, 2), S (4, 6) and S (6, 4) respectively. 

Reflection coefficients were calculated for each port to calculate the port matching. Each 

port was connected to a signal source, and the remaining ports were terminated with 50-

ohm loads. The reflection coefficients S (1, 1) for Port 1, S (2, 2) for Port 2, S (4, 4) for 

Port 4, and S (6, 6) for Port 6 were then calculated. 

5.3.3 Comparison of Simulation and Measured Data 

Based on the analysis of information from Section 4.3 and Section 5.1, the gain behavior 

of the simulated and manufactured versions of the amplifier integrated with the 3-way 

Wilkinson power divider can be discussed. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 41 shows a compared data representation of the simulated and manufactured 

circuit. As mentioned in section 4.3 the simulation data indicates that the average gain 

at the three output ports, S (2, 1), S (4, 1), and S (6, 1), is approximately 7 dB at the 

frequency of interest, which aligns well with the expected performance of the cascaded 

circuit.  

In the measured data, an average gain of around 2.7 dB is observed at the output ports 

S (2, 1) = 2.84 dB, S (4, 1) = 2.76 dB, and S (6, 1) = 2.50 dB at 2.45 GHz). This measured 

value aligns with the previously measured standalone amplifier (as mentioned in section 

Figure 41. Gain Behaviour of the Simulated and Manufactured Version 
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5.1) gain of 8.1 dB, which, when combined with the inherent power divider loss of ap-

proximately 5 dB, yields the observed 2.7 dB gain. For both cases, the cascaded cir-

cuit exhibited a similar graph with consistency, and referring to previous meas-

urement data of the amplifier and power divider, this circuit provided the expected 

results. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The phase response of a 3-way Wilkinson power divider, highlighting both simulated and 

measured results at a frequency of 2.45 GHz is presented in Figure 42. In the simulation, 

as mentioned in section 4.3 the phase differences for S (2, 1) and S (6, 1) are identical 

and S (4, 1) is slightly smaller compared to the other two ports. 

Consequently, the measured results show the phase values of approximately -90 de-

grees for all three output ports S (2, 1) = (-99), S (4, 1) = (-94), and S (6, 1) = (-91) 

degrees respectively. This consistent 90 degrees across the three outputs suggests that 

it maintains a uniform relationship among the output signals. 

 

 

 

 

 

 

 

 
 
 
 

Figure 42. Comparison of Simulated and Measured Phase 

Figure 43. Comparison of Reflection Coefficients 
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Figure 43 shows measurements taken at a frequency of 2.450 GHz. For simulation, the 

results show that the return loss S (1, 1) is -18 dB, which means the maximum amount 

of power is transmitted. Other measured S-parameters, such as S (2, 2), S (4, 4), and S 

(6, 6), also display values in the range of -15 dB to -18 dB, which suggests overall satis-

factory performance in minimizing signal reflection and cross-talk between ports. 

In the measurement, however, the return loss S (1, 1) is -7 dB, and S (2, 2) is -10 dB 

which indicates a higher level of signal reflection. On the other hand, S (4, 4) and S (6, 

6) provide a value of -21 dB and -16 dB respectively meaning that better transmission. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Isolation between output ports for both simulation and measured data is shown in Figure 

44. The isolation between output ports of the power divider was set at -15 dB in the 

“Goal”. From simulations, values were found around -14 dB for the isolation between port 

2 and 6 indicating slightly lower than the targeted value, and -18 dB was observed for 

both S (2, 4), S (4, 2), S (4, 6), S (6, 4) specifying better than expectation. 

For the measured values, the isolation was around -15 dB between ports 2 and 6, ap-

proximately -19 dB between ports 4 and 6, and about -22 dB between ports 2 and 4. 

Overall, the results were great, with -15 dB meeting the target perfectly and -22 dB indi-

cating better isolation than expected.  

Figure 44. Simulated and Measured Isolation between Output Ports 
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 Measured Data from Linearity Test 

To evaluate the linearity of the amplifier, a power splitter (model ZN2PD-9G) [30] was 

used in the test setup. The input of the amplifier was connected to the input of the power 

splitter. The output of the amplifier was linked to Port 1 of the VNA, while Port 2 of the 

VNA was connected to one of the outputs of the power splitter. The other output port of 

the power splitter was connected to a spectrum analyzer for further measurements. 

The spectrum analyzer was configured with a frequency of 2.4495 GHz and an input 

power level of -10.50 dBm. On the VNA, the sweep type was set to a linear frequency, 

with both the resolution bandwidth (RBW) and video bandwidth (VBW) set to 100 Hz. 

The frequency parameters on the VNA were defined as follows: the start frequency was 

2.4475 GHz, and the stop frequency was 2.4525 GHz. The center frequency was set to 

2.45 GHz, and the frequency span was 5 MHz. 

This configuration was used to ensure precise measurements for assessing the linearity 

performance of the amplifier, with careful attention given to the setup of both the VNA 

and spectrum analyzer for accuracy and detail in the frequency analysis. 

5.4.1 Third Order Intercept Point 

Figure 45 shows the measurement of the output power at the fundamental frequencies 

as well as the third-order intermodulation products caused by amplifier nonlinearities. 

The third-order intercept point (OIP3), is an important metric for evaluating amplifier lin-

earity, utilizing intermodulation distortion (IMD) products.   

 

 

 

 

 

 

 

 

 

 

 Figure 45. Data Representation of OIP3 
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Using the equation (2.29) and (2.30) from section 2.5.1, two IMD values were found, 

which led to two alternative OIP3 calculations, 

𝐼𝑀𝐷1(𝑑𝐵) =  −11.45 𝑑𝐵𝑚 − (−94.96 𝑑𝐵𝑚), (5.1) 

=  83.51 𝑑𝐵. (5.2) 

𝑂𝐼𝑃3,1 =  −11.45 𝑑𝐵𝑚 + 
1

2
 (83.51 𝑑𝐵), (5.3) 

= −11.45 𝑑𝐵𝑚 + 41.525 𝑑𝐵, (5.4) 

=  30.085 𝑑𝐵𝑚. (5.5) 

𝐼𝑀𝐷2(𝑑𝐵) =  −11.44 𝑑𝐵𝑚 − (−95.87 𝑑𝐵𝑚), (5.6) 

=  84.43 𝑑𝐵. (5.7) 

𝑂𝐼𝑃3,2 =  −11.44 𝑑𝐵𝑚 + 
1

2
 (84.43 𝑑𝐵), (5.8) 

= −11.44 𝑑𝐵𝑚 + 42.215 𝑑𝐵, (5.9) 

=  30.775 𝑑𝐵𝑚. (5.10) 

From the datasheet of BFQ790 [4] it can be seen that the OIP3 is 38.5 dBm, which is 

somewhat higher than the value of the measured value of 30.8 dBm. Overall, this value 

is high showing good linearity. Moreover, in the numerical design of the amplifier, the 

focus was solely on the small-signal features of the amplifier, which partly explains why 

the measured OIP3 is not at its theoretical maximum. 

5.4.2 1 dB Compression point 
 

Figure 46 shows how an amplifier's gain changes with increasing input power. Initially, 

the gain was steady at around 7.93 dB for low input power, indicating linear performance. 

In the linearity test for the BFQ790 transistor, an RF input of 17.5 dBm was used as in 

the datasheet [4] mentioned input power is 18 dBm, which produced an output that 

changed from 7.93 to 7.87 dB.  This shows that the circuit is working in a linear range 

and does not show any signs of compression. 
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I measured until the maximum RF input and if I increased the power it would cross the 

breaking limit. The small change in output means that the BFQ790 can handle the RF 

input well, providing clear and accurate amplification without distortion. 

 Thesis Outcome 

The thesis has the following outcomes: 

 Successfully developed an active three-way equal-phase power splitter with a 7 

dB gain, utilizing a transmission line circuit and medium-power RF amplifier for 

operation at 2.45 GHz. Further details about circuit integration are mentioned 

[31],[32]. 

 Simulated and measured results [33] confirmed the splitter's effectiveness, 

achieving key performance metrics such as low insertion loss and high isolation, 

validating the theoretical design. 

 The design is compact and efficient, suitable for applications with space con-

straints, enhancing the splitter's practicality for RF systems. 

 This research adds valuable insights into active power splitter design methodol-

ogies, combining transmission line techniques with RF amplification, serving as 

a reference for future studies. 

Figure 46.  1 dB Compression Point 
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 The findings offer a basis for exploring advanced materials and techniques to 

improve performance and scalability for various RF applications. 

Overall, this thesis significantly advances RF circuit design by delivering a practical so-

lution for efficient power splitting in telecommunications. 
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6. CONCLUSION 

In this thesis, a successful design of an active three-way power splitter has been 

implemented that meets the gain, stability, and equal power division requirements at 2.45 

GHz. In order to realize the integration of a transmission line-based circuit with a 

medium-power RF amplifier successfully achieved an overall power gain of 7 dB, 

ensuring equal power distribution and phase alignment across the three output ports. 

The design process prioritized critical factors such as impedance matching, phase 

balancing, and minimization of insertion loss, which are essential for optimizing 

performance in RF and microwave applications. 

Detailed simulations using Advanced Design System (ADS) software validated the 

theoretical performance of the power splitter, demonstrating satisfactory gain, phase 

characteristics, and reflection coefficients. The amplifier was designed to compensate 

for the inherent power losses associated with power dividers, thereby enhancing the 

overall performance of the splitter.  

The simulated amplifier demonstrated a gain of 12 dB and was unconditionally stable up 

to 10 GHz, with an OIP3 of 30 dBm. The simulated power divider achieved an equal 

power division of -5 dB [33], ensuring equal phase and high isolation between the output 

ports. The cascaded circuit provides a gain of 7 dB at each output port.  

Notably, the manufactured amplifier achieved a gain of 8.1 dB, with a low input reflection 

coefficient of -7 dB and an exceptional output reflection coefficient of -38 dB, ensuring 

minimal signal degradation and optimal efficiency. The fabricated cascaded circuit 

exhibited a power gain of 2.7 dB at each output port after accounting for the typical 5 dB 

insertion loss, and isolation among the outputs. These results confirm that the design 

meets the performance criteria required for modern wireless applications, where reliable 

and consistent power splitting is paramount. 

The active three-way power splitter developed in this work not only satisfies the 

requirements of equal power distribution and phase alignment but also demonstrates the 

potential for further optimization and adaptation in various RF applications. Future work 

could explore enhancements in circuit miniaturization and integration with advanced 

wireless technologies, paving the way for more efficient and compact RF solutions. This 

research contributes to the ongoing development of high-performance RF components 

essential for the evolution of modern communication systems. 
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APPENDIX A: MATLAB SCRIPT FOR BIASING 
NETWORK 

The MATLAB script for computing the values of bias resistors:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vcc = 9;           % Supply Voltage (V) 
Ic = 250e-3;       % Collector Current (A) 
Vbe = 0.85;        % Base-Emitter Voltage (V) 
Vce = 4.5;         % Collector-Emitter Voltage (V) 
b = 145;           % Current gain (beta), typically 180, min 110, max 270  
 
% Calculate Base Current 
Ib = Ic/b;         % Base current (A) 
 
% Select suitable values 
Vx = 4.5;          % Voltage at divider node (V) 
Ix = 10 * Ib;      % Current through the divider network (A) 
 
% Calculate Resistor Values 
R1 = Vx/Ix;        % Resistor R1 for the voltage divider (Ohms) 
R2 = (Vcc - Vx)/(Ix + Ib);  % Resistor R2 for the voltage divider (Ohms) 
 
% Resistor R3 to set the base current 
R3 = (Vx - Vbe) / (Ic/b);   % Resistor R3 for base biasing (Ohms) 
 
% Resistor R4 to set the collector current 
R4 = (Vcc - Vce) / Ic;      % Resistor R4 for the collector resistor (Ohms) 
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APPENDIX B: SCHEMATIC OF CASCADED 
CIRCUIT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.1  Schematic of Cascaded Circuit 
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