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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.



ABSTRAK

Pengimejan kanser payudara gelombang mikro radar ialah kaedah bebas radiasi
dan tidak invasif untuk pengesanan awal. la 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



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



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.

Transmit
Power Bandpass : Bandpass Low Noise
A:r:ther = Fiter Fiter " Ampitier
¥
Transmitter | Receiver Block
Block diagram l diagram

Figure 1.1: Transmitter and Receiver Block Diagram



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:



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.

15 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



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



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



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 f:. 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 ~ldss/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



10

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 e Offers higher cut- e Higher power
Transistor (HBT) off frequency consumption

e Lower cost and e Largerinsize
delivers higher e More complex
efficiency biasing

e Wideband requirements
impedance
matching

Complementary MOSFET e Lower power e Higher noise figure

(CMOS) consumption  and and lower gain
smaller size compared to BJTs
compared to BJTs.

e Widely wused in
digital applications

High Electron Mobility o Offers a e HEMTs can be
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Transistor (HEMT) combination of low sensitive to
noise figure and temperature and
very high frequency bias conditions.
performance. e may not handle

e Low noise high power levels
performance is as efficiently as
better than other some other
devices, including technologies.

HBTs, MESFETS,
CMOS, and BJT

e Suitable for
applications where
high gain and low
noise at  high
frequencies are
required.

Pseudomorphic HEMT e PHEMTSs are a type e may involve more

(pPHEMT) of HEMT that complex fabrication
improves the processes.
performance of the e Sensitivity to
device by using an temperature  and
extremely thin layer bias conditions may
of one of the be a consideration.
materials, so thin
that the crystal.

o Allows the
construction of
transistors with

larger bandgap
differences than
otherwise,  giving
them better
performance.

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 0.15um 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 INA, 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 Limitations
Technology
1 [6] Frequency range: pHEMT e Sensitivity
2300-2400bMHz FHX76LP and Third
Gain: 14 dB Order
Noise Figure: 1.2dB Intercept
Point (11P3)
analysis
missing.
2 [11] Gain: 22dB SMIC 130nm e Simulation
Noise Figure: 3.5dB CMOS only.
3 [12] Frequency: 3.1- CMOS e Lower gain.
10.6Ghz 130nm
Noise figure: 3.9dB
Gain: 12.5dB
4 [7] Frequency: 3-10Ghz pHEMT ATF e Lacks
Gain: 23dB 36163 measured
Noise Figure: <2dB results to
validate
proposed
concepts.

e Stability
analysis is
incomplete.

5 [8] Frequency range: 5.4- | pHEMT o lack of
5.9Ghz 0.15um
Noise figure: <1 dB stability
Gain:18 dB

analysis.

6 [9] Frequency Range: BJT BFP420 e lack of
1.5GHz
Gain: 15.4 dB stability

Noise Figure: 1.33 dB
Bandwidth: 100MHz

analysis.
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7 [10] Frequency Range: 3- | pHEMT Simulation
5GHz ATF-34143
Gain: >20 dB only.
Noise Figure: <1.5 dB
Bandwidth: 100MHz
8 [13] Frequency Range: 5.8 | HEMT Simulation
GHz FHX76LP only
Gain: 20 dB
Noise Figure: <3 dB
9 [14] Frequency Range: GaAs lack of
400-800MHz pHEMT
Gain: 30-50 dB stability
Noise Figure: ~0.34
dB analysis.
10 | [15] Frequency Range: 13- | InGaAs Lack of
16 GHz HEMT
Gain: >20 dB MGF4937AM stability
Noise Figure: <1.2 dB
analysis.
11 | [16] Frequency Range: pHEMT Stability
1.57 GHz ATF-34143 analysis is
Gain: 21 dB incomplete.
Noise Figure: 1.98 dB
12 | [17] Frequency range: SOl CMOS Lacks
2.11-2.33 GHz 65nm measured
Gain: 21 dB results to
Noise Figure: 0.78 dB validate
proposed
concepts.
13 | [18] Frequency range: 102- | 70nm GaN Lack of
155 GHz HEMT stability
Gain: 16.2-21.2 dB analysis.
Noise Figure: 3.6-5.6
dB
14 | [19] Frequency Range: 1.5- | RFCMOS lack of
15.7GHz 45nm stability
Gain: 20.5dB analysis
Noise Figure: <2dB
15 | [20] CMOS 180nm Simulation only

Noise Figure > 6.3dB
Gain varies between 10
to0 16.9dB




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.

Literature Review in Microwave and Low Noise
Amplifier

Specification of LNA for Microwave Imaging
Application

Transistor Selection using Datasheet and Diagrams

¥

Calculate and Simulate Stability, Gain and Noise Figure
For the Transistor

d

Design LNA using ADS Software and find the S-
Parameter, input and output matching and bias point
for the LNA design

No

Meet
Requirement?

Yes

Data Analysis

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 50Q
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 Zo= 50 Q 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 (z, = Z;/50) and locate the point of z; on the smith chart

b) Based on the location of z; 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.
i) 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.
i) 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(dgeup) = 1 + jb top half of chart
y(dgtup) = 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 (P HEMT). 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

pHEMTSs 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 ()0HEMT) 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.

1811128222 +]A)?

Stability factor, K =
2 21812521

>1 (3.1)

|A] = |811822 — $125211 <1 (3.2)

The stability factor (K) in an amplifier or called unconditional stability must be
ensures greater than 1 and the delta factor (JA|) must be less than 1 because the
matching network determines the load (I';) and source (I's), 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

__ Si/N;
F = S/, >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 =10logF (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 (I},= T,,¢) and output reflection coefficient (Tpy,.)
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 F,,in, Ry,

and Y, at the appropriate frequency, using the formula below.
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Ry

F N
Gs

Fmin + |YS - Yo;z)tl2 (35)

_ 4Ry ITs—Tope|?
F= Fmin + 35 (1-|Ts|2)[ 1+ Tope |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:

. Py 1 2 1-1|?

Power Gain) Gp = —=———|§ 3.7

( ) P Pin 1_|rin|2| 21| |1_SZZFLZ ( )
[ . P 1-|Tg|? 2 1

Available Power Gain) G, = -2 = 38

( ) 4 Pays |1-S11Ts* |S21] |1-Toyr|? ( )
. P 1-|rs|? 2 1-r|?

Transducer Gain) Gy = —— = 3.9

( ) '™ Pays |1-811Ts> 521 |1-ToyrTL|? ( )

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% (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.

DC Bias Output —
S ——d Matching R} ,
Output |

Network

. Input }{/
RF Matching
Input | Network

————— —

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.

35 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.

Bi=1+ |511|2 - |522|2 - |A|2 (3-11)
B,=1+ |522|2 - |S11|2 - |A|2 (3-12)
C1 = 511 - ASZZ* (313)

CZ = 522 - ASll* (314)
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Based on the above equation, the reflection coefficient of source and load can be

substitute into those equations,

B+ /812—4|61|2

ls = —5—— (3.15)

B+ /Bzz—4|cz|2

hy = ———— (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.

S-Parameters, Noise Figure, Gain, Stability,
Circles, and Group Delay versus Frequency

T S2P- a Term
) Term SNP1 Term?2
LE"m‘ — File="C:\Users\nail\Dacumen WRSM 1\MGAB84P8.s2p"
um=

7=70 Z=20

Set System
Impedance Z0:

= va] VAR —
&3 | s-PARAMETERS (B vars OPTIONS
il
p=) aral Z0=50 J ons
={=kl Options1
Start=0.5 GHz Temp=16.85
Stop=2.4 GHz Tnom=25

Slep—D‘_1 ERE o S-parameter analysis frequency

CalcNoise=yes range. If an S-parameter file without
noise data is used, the noise
simulation results will be invalid.

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.

71 [N
TrmG2
3 Num=2
I . Z=50 Ohm .

. . .L=BE714818nH. ..
. . .4 .R=18120hm . . . .
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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.

R
R3
| R=1980hm_
s L4

L=53.05nH

R=

R2
R=78k

L3
L=53.05nH 1
R= - L

L5

1L=13.996671 nH

R=1e-12 Ohm
)L_._.,_a | . [TaavaN _ -
: I ermG
) (o} G ‘2 | TemG2
Cc3 c4 Num=2
o C=21.22pF o C=21.22 pF ) Z=50 Ohm
L1 c R4 Cc6
L=1.490174 nH 65 § R=200 Ohm C=143.063931 fF
R=1e-12 Ohm C=21.22 oF
v_DC
== ; = +| srec2 =
= Vdc=10V
S2P

SNP1 =
File="C:\Users\naili\Documents\isem 7\PSM 1\AT-42086.s2p"

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

W=1463.300000um -

W=1463,390000 um

R R R
R1 = R3
" R=3.07 kOhm R=25.6 KOhm 'R=5760hm
WA WAV—Y v.pe
= +| SRCt
— Vdc=10V
MTEE_ADS h - B WTEE_ADS
ool e Ceas Tee2
‘Subsf="M SUbT T R= " ' R_- B = Subst="MSub1" ~
W1=1463.380000 um 8 W 1=1453.380000 urn
W2=1463.390000 um W2=1463.330008 um
. . . W3=1463.390000 um. .. . . . .. W3=14633090000 um . - -
45,500 EE 1 1 N o
TermG L1 I J L | |
. TermGt - A . c- - @ * MLIN C
Num=1 L6 c3 c4 7
Z=50 Ohm Subsi="MSub1” C=2122pF C=21.22 pF Subst="MSub1

L=1939.580000 um.

+

Subst="M Sub1"
W=1463/300000um =~

- L=26821:600000um - -

Cc

c5 .. 0
C=21.22 pF

Vde=10V

ﬁmﬁ - ﬁiﬁ

a1 . . . .
File="C:\Users\nailiBocumentsisem 7\PSh

" 1=21117.200000 um

1\AT-42086.52p"

MLOC
L8 .
Subst="MSub1"

. W=1463.390000 um

L=44787.800000 um

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

3.7.2

Cascaded Circuit

31

TermG2
Num=2
Z=50CObm

TermG
TermG2
Num=2
Z=50 Ohm

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.

=R R +] sRed
R1 R2 . = vae7
R=1 MOhM R:ZMO}JI
e P | .
c4 v
C=3122 pF I P12
- L4
sL3 =
I L=5308 iH aik '
:. = ¢ . . .
cs c2
C=2538072 5F C=2.538072 pF
: | : : : :
TemG1, & c L o7 C e G L] . E 1 remic
Num=1 Looa N L=53.08 nHi Lo . I c7 E’mﬁf
i 7550 Ofim C=254pF s2 ? R= "C22A20F | =254 pF S i C=21220F 'y’ : o[ hum=
L=5.71 nH SNR 1 L L=5.71 nH SNR2 ;f”g "H L Z=50 Ohm
R= FileF"CAUsers\nail.D 7PSH) b, S2p” R= Filez"C: WsersifailiDocumentsisem 7\PSM. 1\ GaldB4P8. s2p
= = L=5714818 nH = L=5.714818 nH
R=1&-12 0hm = R=te-12 Dhim
. & R . . . f iR .
c3 o
- R3, - R6
IC 2 22§R:2DD Ohm = I N R=200 Ohm =
= +| skreca +] sRca

= \Vde=7V T ad = Vde=TV

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



33

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 (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
Su 0.33£-101.54 0.612 154
S12 0.02£57.72 0.057£64
Sa1 8.67£70.27 4.48.,62
S22 0.33£-51.61 0.312-31

4.1.1 Unilateral Figure of Merit
Unilateral figure of merit is performed to assuming S;, equal to zero when S;, is

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

_1S12115211181111S22
U= (1-181112)(1-15221%) (411)

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

1 Gr 1
(1+0)2 Gru (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,

_10.02|18.671]0.33][0.33]
~ (1-10.33/2)(1 - |0.33]?)

=0.0238

1 _Gr 1
(1+0.0238)2 ~Gyy  (1—0.0238)2

or in decibels,

Gr
—0.2045 < — < 0.2078
Gry

For AT-42086,

_10.057(14.48]10.61]]0.31]
~(1-10.6112)(1 —]0.31|?)

=0.085
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1 _Gr 1
(1+0.085)% ~ Gry ~ (1—0.085)2

or in decibels,

Gr
—0.7086 < — < 0.7716
GTU

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

1 1
Grumar = —— IS51 12 ——
TUmax = q_|s;,12 721 1_|s,,|2

=18.89dB

b) Noise Figure

F . +4Rn |Fs_ropt|2
T Zo (11 + Tpe D1 = I3

NF =

=0.39dB

c) Stability



K= 1—8111% = S22 + |A)?
215128211

=2.36>1
For AT-42086,

a) Gain

1 1
G =—— Sy I*——
TUumax = q_|s,,12 17211 1|s,,|2

=13.57dB

b) Noise Figure

4’Rn |I—.'9_ropt|2
NF = Fpym +
T Zo (11 + Tpe D1 = %)

=0dB
c) Stability

o _ Lo ISul? =182 + 1A
21S12521]

=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

0.39dB

0dB

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.

m4

. 2.4_
2.2

(O] 4
E8® 20
S .0
8|§|¥ 1 8_
S -0
e £ 7
1.6

m4

freq=1.500 GHz
K=2.355
mu_load=1.842
mu_soupee=1.842

T

1.4
1.0111213141516 17 1.8 1.9 2.0

freq,

GHz

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.

m4
e 1107
1.08\ |m4
8% ool \ETIES
53  1.06 \r%t-load=1.037
8—|! 1 \/m_source=1.020
IS 1.044 \/
5
EE | \/»_—/
1.02
1_00 llllllllllllllllllllllll IIIIIIIIIIIIIIIIIIIIIIII
1011121314 1516 1.7 18 1.9 2.0
freq, GHz

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.

lc T
Quiescent Point
Saturation l

point

Load line

S a

point

Figure 4.2: 1-V curves

For MGA-684P8, the given Ips is 35 mA meanwhile Vps 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 Ipss is 150mA when Ipss = 0 and Vris = -0.5 V when

V1= 0. Figure 4.3 shows a graph of Vas.



m1

VDS=5.000

IDS i=0.035

\/GS=.0-890

IDS.0. mA

Figure 4.3: Vesgraph
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— YV GE=IMD

VE5=-0.120
YViE5=-0.230
VG5=-0.340
WiE5=-0.450
YWiE5=-0.560
VGE5=-0.570
YWiE5=-0.7580
V(55=-0.880
YV55=-1.000

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 I¢

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

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

and (b) shows Vg graph and Igs graph respectively.

m1
ans 10 ] L]
20— —
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E. 0—
G m1
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] VBE=0.857
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VBE=0.857

VBE=0.850

VBE=0.841
VBE=0.833



Figure 4.4 (a): Veegraph

4
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Figure 4.4 (b): Ise graph

4.2.2  Analytical Analysis

10
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The given value from the datasheet of MGA-684P8 is Ips = 35 mA and Vps=5 V

meanwhile Vs is -0.89 V from figure 4.5.

Assuming Vge = -7V

i R
The resistance R1and Rz are calculated as (R +2R )
1 2

Solving above equations, R; = 2R,

Assume R, = 1 MQ,R, = 2MQ, Rs = 200 Q

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

value of Z,.

Z, = joL

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

Z.

Thus, C =21.22 pF

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

R R
R1 . . . e
R=1MOhm R=2 MOhm
BV —rae—— V—%.wv.DC .
e .+l srct1
= Vde=7V

o 13 =
% L=5308nH -
R=

ca
c=2122 pF

P

cs
©=2122 pF

\
: C ) —
= . o L4 .
L=53.08 H
o R=
5
R=200 Ohm —L :
ca

V_DC
A=
C=2122pF I T L=

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

For the transistor AT-42086,

%
R, =-2£=307kQ
IBB

Vep =V,
R, =-2% 58 — 256 k0

IBB

M:576Q

R, =
7 I —Igp
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R . R . .R.
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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.

<o — | <>
P1 ° C P2
Num=1 L C1 Num=2
L1 C=2.54 pF

L=5.71 nH



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

<o — | <O
P1 o c P2
Num=1 L C1 Num=2
L1 C=2.54 pF
L=5.71 nH
R=
Figure 4.6 (b) : Output matching of L-matching for MGA-684P8

Meanwhile for AT-42086,

1. .
C=4.368318 pF
y |
By |

P2
- P1 . . B S Num=2
Num=1 oo T
L1
L=1.490174 nH
R=1e-12 Ohm

Figure 4.7 (a): Input matching of L-matching for AT-42086
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C=143.063931 fF

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

4.3.2  Stub matching

For MGA-684P8

46
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- Num=1 . Z=50 Ohm £=50 Ohm
. . E=3847 = E=67.69
F=15GHz F=15GHz

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

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

one 0-50 0.055
0.45| 0.0507: m2
! 0455 freq=1.500 GHz
s _ 0453 NFmin=0.036
£ e m2 E 0.040—]
Z 044 freq=1.500 GHz z ] \
L NFmin=0.402 0.035— =
042 ] \
_\ 0.030—
0.40 LA N S S I S B N " N EA B N B B B B 0.025—— L L B L I B B B
10 11 12 13 14 15 16 17 18 18 20 1.0 141 12 13 14 15 16 17 18 19 20
freq, GHz freq, GHz
MGA-684P8 AT-42086

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.
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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.
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Figure 4.10(c): Noise Figure in Stub Matching
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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 22584 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.
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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.

44.

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

gconomic 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 S

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.
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APPENDICES E

MGA-684P8
Low Noise Active Bias Low Noise Amplifier

Data Sheet

Description

Avago Technologies' MGA-684P8 is an economical, easy-
to-use GaAs MMIC Low Noise Amplifier (LNA). The LNA
has low noise and high linearity achieved through the
use of Avago Technologies’ proprietary 025 um GaAs
Enhancement-mode pHEMT process. It is housed in a
miniature 2.0 x 2.0 x 0.75 mm?3 8-pin Quad-Flat-Non-Lead
(QFN) package. It is designed for optimum use from 15
GHz up to 4 GHz. The compact footprint and low profile
coupled with low noise, high gain and high linearity make
the MGA-684P8 an ideal choice as a low noise amplifier for
cellular infrastructure for GSM and CDMA. For optimum
performance at lower frequency from 450 MHz up to 1.5
GHz, MGA-683P8 is recommended. Both MGA-683P8 and
MGA-684P8 share the same package and pinout configu-
ration.

Pin Configuration and Package Marking

2.0x2.0x0.75 mm? 8-lead QFN
Nig 18] ] T s [
21 m m/ @
6] 84X 0] O] mm| [ 2]
14 151 s = |0}
Top View Bottom View
Pin1 -Vbias Pin5 - NotUsed
Pin2 - RFinput Pin6 - NotUsed
Pin3 - NotUsed Pin7 - Rfoutput/Vdd
Pin4 - NotUsed Pin8 - Not Used
Centre tab - Ground
Note:

Package marking provides orientation and identification
“B4"= Device Code, where X is the month code.

Attention: Observe precautions for
handling electrostatic sensitive devices.
ESD Machine Model = 70V (Class A)

ESD Human Body Model = 500V (Class 18)
Refer to Avago Application Note ACD4R:
Hectrastatic Discharge, Damage and Control.

A
Aza\

Avaco

TECHNOLOGITES

Features

* Low noise Figure

* High linearity performance

* GaAs E-pHEMT Technology(!!

o Low cost small package size: 2.0 x 2.0 x 0.75 mm3
o Excellent uniformity in product specifications

« Tape-and-Reel packaging option available

Specifications

1.9GHz; 5V,35mA

e 17.6dB Gain

0.56 dB Noise Figure

21 dB Input Return Loss

32.4 dBm Output IP3

22 dBm Output Power at 1dB gain compression

Applications

e Low noise amplifier for cellular infrastructure for GSM
TDS-CDMA, and COMA.
« Other low noise application.

* Repeater, Metrocell/Picocell application.
Simplified Schematic

a 3]

[~
|
A5 lula

Note:

®  The schematic is shown with the assumption that similar PCB is used
for both MGA-683P8 and MGA-634P8.

o Detail of the components needed for this product is shown in Table 1.

e Enh nt mode technolog ! positive gate voltage,
thereby eliminating the need of negative gate voltage associated
with conventional depletion mode devices.

= Good RF practice requires all unused pins 1o be earthed.
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Absolute Maximum Rating [11Ty=25"C Thermal Resistance
Symbol Parameter Units Absalute Maximum Thermal Resistance (3]
Vg Device Voltage, WV 55 (Vigg = 5.0V, | 4 = 35 mA per channel),
RF output to ground By = 62°CUW per channel
Vhias Gate Voltage v 07 Notes:
- 1. Operation of this device in excess of any of
idd Drain Current mA 90 these limits may cause permanent damage.
[ CW RF Input Power dBm 30 2. Thermal resistance measured using Infra-Red
fromas [Waq = 5.0V, ly= 50 mA) Measurement Technique.

ikl I i 3. Power dissipation with unit tumed on, Board

Pdiss Total Power Dissipation 12l w 05 remperature Tg i 257 C. Derate a1t 16 miv™C
- - forTg> 1187 C.

Tj Junction Temperature C 150
Totq Storage Temperature C -65 to 150
Electrical Specifications [1]. 141

RF performance at Ty = 257 C, Vaq = 5V, Ryja = 6.8 kOhm, 1.9 GHz, measured on demo board in Figure 5 with component
list in Table 1 for 1.9 GHz matching.

Symbol Parameter and Test Condition Units Min. Typ. Max.
kdd Drain Current mié 23 352 47
Gain Gain dB 161 176 191
aiP3ia Output Third Order Intercept Point dBm 29 324

NF 2l Moise Figure de 0.56 08
aPide Output Power at 1dB Gain Compression dBm 22

IRL Input Return Loss, 50 £2 source dB 27

ORL Output Return Loss, 50 £ load dB 12

REV I1SOL Reverse |solation dB 30

Mobes:

1. Measurements a1 1.9 GHz obtained uiing demo board described in Figure 1.
2 OIP3 tedt condition: Frry = 1.9 GHE, Ferz = 1.901 GHE with input pawer of -10 dBm per tone.
3 For NF data, board lodses of the input have nat been de-embaddad.
4. Use proper bias, heatsink and derating bo endure mdaximurn channs! termperature is nof excesded. See abiolute maxirmwm ratings and application

nate for marne details.



Product Consistency Distribution Charts (1 2)

LsSL s sL
id Moise Figure
Max =47 Max :0.8
Min :33 Mhean :0.56
Mean: 35.2
T IIIIII|I ||-|—|||| T I-H—|-|-|-|'|—r||“|l TT™THT
P 30 47 0.5 0.6 or 08
Figure 1. ldd & 1.9 GHz Mean =352 mA Figure 2. Hoise Figure &1.9 GHz, Mean = 0.56
LsL 151 UsL
03 Gain
Min 29 Max :19.1
Mean: 324 Min :16.1
Mean:17.6
—|—r T | L I T TTITTT rTrTrrorrT I T
] Fi k] n iz ki 34 5 16 17 18 19

Figure 3. 0IF3 & 1.9 GHz, Mean = 32.4 Figure 4. Gain & 1.9 GHz, Mean = 17.6

Motes

1. Distribution data samples are 500 sarmples taken from 3 differentwalers. Future walers allocated to this product may have nominal values anywhere

Between the upper and lower limits.
2 Circuil Losies have nol been de-embedded from the actusl measurements.
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Demo Board Schematic

§fin
|B E '
40l
Figuee 5. Demo Soaed Layout Diagram Figure 6. Demo Board Schematic Blagan
~R wded PCB alis 10 mds Rogers RO4350. Mot

®  The schematic it shown with the asiumption that sl PCE o wied

~ Suggested component values may vary according to for both MGA-S8378 and MGA-S6P8.

Tayout and PCB material. o Dutadolthe for this product s howe inTatie 1.
Table 1. Component list for 1.9 GHz matching
Part Ske Value Detall Part Mumber
=) 0402 39pF Murata GRM1S
(=3 0402 100 pF Murata GRM15
(=} 0402 10 pF Murata GAM1S
c4 0402 22pF Murata GRM15
cs 0402 100 Murata GRM15
=3 0805 4.7 uF Murata GRM1S
L1 0802 18 nH Codlcraft C50402
2 0802 630H Toko FHLI0OS
L3 0402 4.7 nH Coilcraft C50402
Rbias 0402 62 KOhm KDA RX73
Rl 0402 49.9 Ohm KDA RK73
R2 0402 00hm KDA RX73
[N
C2 b a blecking capacitor
L2 outprut suich foe OP3

L1, €1 andd L3 arw used for I matching
€3, C4, €5, C6 ww Bypans capacitoes

1 & stabilsing reistor

b i the bading reusior



MGA-654P8 Typical Performance in Demoboard

RF performance at Ty = 25 C, Vdd = 5, Rbias = .8 k0hm, measured on demo board in Figune § with component list in

Table1 for 1.% GHz matching, unless othenwise stated.
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Figrare 10, DV vs Frequency v Temperabane
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MiGA-GBAPE Typical Scattering Parameters, Wd =5V

Freg i b 1 pri

g Mg Ay @8 g g Mag  ng Wy hng

[ [1] [k ]} 1678 INE8 3408 15893 (111 4507 054 17.76
(R [eF - 5859 2612 0T 11650 {118} 5453 035 3030
(111 ] 045 8140 1258 1345 241 i EAT3 033 A95E
L0 oAz 8555 2183 1x38 BEGT oz ETHA3 o033 <4124
1500 033 101 54 5: i) B&T by 1 el 1T} BTG 033 5151
L850 oz 11304 588 &85 5733 3 B&.51 034 A3.11
2100 o] 11555 1647 Euh 5475 o3 BE16 [T BEOT
250 [ -131.72 1462 538 3944 [11sx] S0 038 81.73
300 (o] =144.73 1302 448 2529 (11 4T [ L k-
400 035 =164 3 2 3327 .2 11 i 041 =128.02
5.00 o037 =~1B8.E3 |: B 159 2454 [11s - 3xn 050 14557
B0 036 =1 7650 e ] e | 46.71 {15 : ] F5.85 055 =158.74
s 1 038 T5E%0 5713 183 FLIE A 14.33 oasT Tra2s
Bl 047 133596 155 157 F305 a2 [aF-3:] a2 142879
500 058 12368 147 118 12254 i3 1133 or 12695
T 059 MEM 034 [k 14312 (RN -21.08 oFr 11730
110 (e 3303 1= 088 16672 (vl 1 LA orr 10608
1208 .49 5435 2.56 ars 115 [1er} B2 43 [y M5
1304 058 3rar 6.1 [aF 1] 13257 1] TEoE [=F: ¥ 4755
18 DH aSs 4534 g.08 (o ] 11594 (11 ] HT.51 [oF: 3650
1504 aSs 4847 1253 (o] MO0LAG 32 o449 0.B& 3353
16 04 as7T 259323 1549 (= ) 7255 036 11155 [eF: ] i drl-
17 4 055 5. 35 2047 [aRfi] ra: il {1 13535 ey | 157
1804 a3 2455 2EE1 ons 205 1] =152.31 083 1030
15 i e 2093 D644 s G158 (1] 15251 OLBS 1978
2004 [eF -3 ] 14.10 2333 oazr 128.03 {1 17320 [eF:E 3353
Typical Noise Parameters, ¥dd=5V

e L Mag  hng RS e S _D_ﬂ Rt e
15 039 0,135 761 005 ol ]

1.5 45 R 1182 Ll 1] 5

2 [0 ] 174 1259 oS = —

232 a1l m1E 1354 Ll

25 [ f3] 0 1513 oS Figure 1.
Mot

i The Frin waben ane Buiied on notie gene mesunement b 100 difesnt mpsdance wilng Focui sounce pull te spsem. From thise
iU & o Fmin b cdeulated.
1 Seattiring snd noke wliirs drie o on coplanas wuichi i o 8010 irch thick ROGER 4358, The input ndieence plane b4 a2 the

wred ol tha AFingadt pin aned the cutput ndesmcs plane s @ theend of the RFoutpst pin i ihenwnin Frgara 18,




SLP4XA Package

e\,
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ouuw,
h\l

] 1200050
1
- R
:I_ [ |
(R —_—T
BOTTOM VIEW
Part Humber Ordering Infarmation
Part Humber Mo af Devices Container
MGH SB4PE-BLKG 100 Anthtatic Bag
MGH-EB4PE-TRIG 000

7 inch Rl

L=l ———— L el

075005

Flotai
i AN dirmenion am in millmelee.

chasiva ol plating

chaire of mold &ih ssd ekl Besrr,
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DESCRPTION
=
WO =2
EPTR o osu
MICH ’ a0z 57 = 0004
BOTIOM HOLE DOAMETER 9, <0ou
DOAMENER 8 0.080 = 0.006
MICH L e 0257 = 0.004
POsiTeM 3 1) 0.089 = 0.004
CARRER APE | MOTH W arezade [esw=osur
ims 0525 = 0.004
TRIODNESS 4, Q2542002 [0.9% = 0008
COVERTAPE | MITH S4s 0205 = 0.004
LAPE THICRMESS . = 0.0004
DESTANCE (CARITY TO PERFORATION ¥ 150x008 |oaSSzosmr
(MO DIRECTION
CHUTY 1O PERSORATION 100:483 [0aM=odN
(LENGTH BARECTION)
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Reel Dimensions - 7 inch
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APPENDICES F

AT-42086
Up to 6 GHz Medium Power
Silicon Bipolar Transistor

Data Sheet

Descripti
Avago's AT-42086 is a general purpose NPN bipolar tran-
sistor that offers excellent high frequency parformance.
The AT-42086 is housed in a low cost surface mount 085"
diameter plastic package. The 4 micron emitter-to-emitter
pitch enabiles this transistor to be used in many different
functions. The 20 emitter finger interdigitated geometry
yields a medium sized ransistorwith impedances thatare
easy to match for low noise and medium power applica-
tions. Applications include use in wireless systemns as an
LMA, gain stage, buffer, oscillator, and mixer. An optimum
noisematch near 500 upto | GHz, makes this device easy
to use as a bow noise amplifier.

The AT-42086 bipolar transistor is fabricated using Avago's
10 GHz f; Self-Aligned-Transistor (SAT) process. The die is
nitride passivated for surface protection. Excellent device
uniformity, performance and reliability are produced by
the uwse of ion-implantation, self-alignment technigues,
and gold metalization in the fabrication of this device.

AvaGco

TECHHNODLOGIES

Features
» High Output Power:
20.5 dim Typical Py 4 at 2.0 GHz

* High Gain at 1 dB Compression:
13.5 dB Typical Gy ggat 2.0 GHz

* Low Moise Figure:
1.9 dB Typical MFgat 2.0 GHz

+ High Gain-Bandwidth Product: 8.0 GHz Typical fr
» Surface Mount Plastic Package

« Tape-and-Reel Packaging Option Available

» Lead-free Option Available

86 Plastic Package

Pin Connections
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AT-42086 Absolute Maximum Ratings

Absolute Thermal Resistance 2
Symhol Parameter Units Mazimum! 'l B = 140°C/W
Vino Emitter-Base Yoltage L) 15 Mates:
v Collector-Base v 20 1. Permanent damage may ocouwr if any
B = Voltage of these limits are exceeded.
Yieo Collector-Emitter Voltage L 12 2 Tow =25C
le Collactor Cument mA & 3. Derateat 7.1 MW/ Cor T, = BOC
Py Power Dissipation P31 mw 500
Ty Junction Temperature i 150
Tee Storage Temiperature iC -5t 150
Elactrical Spedifications, Ty =25"C
Symbal Parameters and Test Conditions Units  Min. Typ.  Mam
[52e]®  Insertion Power Gain; Vg = 8V - = 35 mA f=10GHz dB 150 165
f=20GH 105
f=40GH 45
P ae Power Output @ 1 dE Gain Compression f=20GHz dEm 205
Vg =8V I-=35mA f=4.0GHz 2000
Grde 1 dB Compressed Gain; Vo = 8V, I= 35 mA f=20GH dB 135
f=40GH: 50
“HFg Oiptimum Hoise Figure: Vo =8V [ = 10mA T=20GHz dB 19
f=40GH 35
Gp, Gain @ NFg; Vg =8V |- = TomA f=20GHz dB 130
f=40GH 90
fir Gain Bandwidth Product: Vi = 8V I = 35 mA GHr B0
™ Forward Current Transfer Ratio; Vi =8V [ =35 mA — 30 150 270
Collector Cutoff Cu Veg=8V 0z
rent; Vg
lepn Emittar Cutodff Current; Ve =1V pA 20
Collactor Base Capacitancel'k Vg = 8V f= 1 MHz eF 0.32

1. For this tes, the emitter is grounded.



AT-42086 Typical Performance, Ty =25°C
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HT-42086 Typical Scattering Paramaters,
Common Emitter, Zg = 500, Ts=25C, Vep=8V, Ic= 10 mA

Freq. Sn 5n S
GHz Mag.  Ang. L Mag.  Ang. dB Mag  Ang. Mag.  Ang.
0l 5B 48 B0 2512 153 360 016 65 o 15
05 63 -141 200 1no7 0 09 032 42 54 -30
.0 63 176 15.4 587 80 374 043 43 43 -30
15 65 164 120 308 65 360 050 46 40 34
20 66 151 a5 209 53 139 064 52 38 40
15 I 142 7B 144 45 331 070 53 36 45
30 7 132 62 204 34 26 084 54 34 -54
35 73 175 48 174 24 187 104 53 33 &7
40 75 15 36 151 14 -183 a2 51 30 80
45 78 108 26 134 5 172 138 50 31 4
50 B0 101 1.6 120 -4 -160 159 46 31 -1
55 82 a5 05 1.08 12 148 82 40 32 -129
6.0 B85 89 02 097 -21 -140 200 35 34 -148
AT-42086 Typical Scattering Parameters,
Common Emitter, g = 50 (), Ta=25"C, Vig=8V Ic=35mA
Freq. Sn 5n S
__GHz  Mag  Ang. di Mag  Ang. B Mag _ Ang. Mag.  Ang.
ol 48 s 318 4362 137 ETH 013 65 a7 35
05 57 -168 114 1321 a2 326 023 57 30 -8
10 50 168 165 669 75 BT 037 62 33 a7
15 61 154 130 443 62 48 05T 64 31 -
20 63 143 105 136 51 230 071 &1 20 a7
15 6B 137 a7 172 43 o 089 56 26 45
30 6B 127 7.0 235 33 187 104 58 5 53
35 7 118 57 192 24 -184 a2 55 24 45
40 73 m 45 169 14 -173 136 49 20 -0
45 76 104 35 1.49 5 -159 61 46 21 o5
50 78 98 24 132 3 -152 74 43 21 -ns
55 81 al 1.6 120 -12 143 193 36 22 -136
6.0 B4 85 07 1.08 -20 -13.4 213 31 25 -156
AT-42086 Noise Paramaters: Vi = 2V |- =10 mA
Freq. NFg Tope Re/S
G dB Mag Amg
0l 10 i) 8 0.13
05 11 03 &2 012
10 15 05 168 012
20 13 25 -146 012
40 35 58 -100 052
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Ordering Information

Part Humbers No. of Devices Comments
AT-42086-BLKG 100 Bulk
AT-42086-TR1G 1000 7 Reel
AT-42086-TH2G 4000 13" Aeel

Frar product infosmation znd 3 complete st of ditrbwiors, please oo i our web site-

81

#6 Plastic Package Dimensions

051 013 —-I |—-—
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[0.026 + BL00S) 2464043
[0.085 + 0.005)
0.30 MIH —»
10.01:2 WM}

DIMENSIONS ARE H MILLIMETERS {INCHES)

www.avageted.oom

Mg, boeago Techmclogies, and the A loge 2 tasemars of Avaqu Tecknalegies inthe Uit Sates znd ather coumnes.
Data subject in chang. (oryright & 2005200 Avagn Techmologies. All rights reserved Qs 5989-556EH

V- 1450EM - Avgust & 2006

AvaGco

TECHNODLODGIES





